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

[ing
drds
through a consensus development process, approved by the American National Standards Institute, WdllLich

i i i ct.
Vollinteers are not necessarily members of the Institute and serve without conipensation. While the IEEE
administers the process and establishes rules to promote fairness in the consensus development prodess,
the|l[EEE does not independently evaluate, test, or verify the accuracy of any,ofthe information contained in
its gtandards.

[SO|and IEC draw attention to the possibility that the implementation of this document may involve|the
use|of (a) patent(s). ISO and IEC take no position concerning the eyidence, validity or applicability of fany
claimed patent rights in respect thereof. As of the date of publi¢ation of this document, ISO and IEC had|not
rec¢ived notice of (a) patent(s) which may be required to implement this document. However, implementers
are|cautioned that this may not represent the latest information, which may be obtained from the patent
datpbase available at www.iso.org/patents and httpsi//patents.iec.ch. ISO and IEC shall not be held
responsible for identifying any or all such patent rights:

Anyf trade name used in this document is inforination given for the convenience of users and does|not
conftitute an endorsement.

For|an explanation of the voluntary nature'ef standards, the meaning of ISO specific terms and expressions
reldted to conformity assessment, as-well as information about ISO's adherence to the World Trade
Organization (WTO) principles in the-Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.
In the IEC, see www.iec.ch/understanding-standards.

Thip document was prepared: by Joint Technical Committee ISO/IEC JTC 1, Information technolpgy,
Sublcommittee SC 7, Softwane and systems engineering, in cooperation with the Systems and Software
Engdineering Standards Committee of the IEEE Computer Society, under the Partner Standards Developnjent
Organization cooperation agreement between ISO and IEEE.

Thip second editien cancels and replaces the first edition (ISO/IEC/IEEE 29119-5:2016), which has bleen
technically revised.

Thd main ehanhges are as follows:

— |updated reference to processes (test design and implementation process) according| to
l(‘f\ IIE‘I‘/ EEE 201 19 2:2021

TOU/TLG/ TL oL & 7T

— updated reference to documents (test procedure) according to ISO/IEC/IEEE 29119-3:2021;
— included definitions for terms used in this document, based on ISO/IEC/IEEE 29119-1:2022.
Alist of all parts in the ISO/IEC/IEEE 29119 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards
body. A complete listing of these bodies can be found at www.iso.org/members.html and
www.iec.ch/national-committees.
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Introduction

The purpose of the ISO/IEC/IEEE 29119 series is to define an internationally agreed set of standards for
software testing that can be used by any organization when performing any form of software testing and
using any life cycle.

This document defines a unified approach for describing test cases in a modular way, which assists with
the creation of items like keyword-driven test specifications and test automation frameworks. The term
"keyword" refers to the elements which are, once defined, used to compose test cases, such as with building

blo
atty

The

The
ISO

ks Thisdocument expiains the main concepts and appiication of Reyword-drivemn testing. it atso def
ibutes of frameworks designed to support keyword-driven testing.

test process model on which the keyword-driven testing framework is based is defined
IEC/IEEE 29119-2. It comprises test process descriptions that define the software’testing proce;s

nes

concepts relating to software testing defined in ISO/IEC/IEEE 29119-1 are also applicable to this
docjument.

in
ses

at the organizational level, test management level and dynamic test level. Supporting diagrams descrilying

the
imp
key]

The
tot

Soft
The
key]

word-driven testing, in particular in TD3 (6.6.4) and TD4 (6.6.5).

his document.

words according to this document.

processes are also provided in ISO/IEC/IEEE 29119-2. However, this document describes a spegific
lementation of the test design and implementation process of ISO/IEC/IEEE29119-2 for applicatioh in

templates and examples of test documentation as defined in ISO/IEC/IEEE 29119-3 are also applicable

ware test design techniques that can be used during test desigh are defined in ISO/IEC/IEEE 2911P-4.
application of ISO/IEC/IEEE 29119-4 is assumed when designing test cases that are then described by
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Software and systems engineering — Software testing —

Part 5:

yword-driven testing

1 (Scope

Thip document defines an efficient and consistent solution for keyword-driven testing by:

— |giving an introduction to keyword-driven testing;

— |providing a reference approach to implement keyword-driven testing;

— |defining requirements on frameworks for keyword-driven testing to enable'testers to share their work
items, such as test cases, test data, keywords, or complete test specifications;

— |defining requirements for tools that support keyword-driven testing;these requirements are applicable
to any tool that supports the keyword-driven approach (e.g. test automation, test design and fest
management tools);

— |defining interfaces and a common data exchange formatto ensure that tools from different vendorsjican
exchange their data (e.g. test cases, test data and test results);

— |defining levels of hierarchical keywords, and advising use of hierarchical keywords; this inclydes
describing specific types of keywords (e.g. keywords for navigation or for checking a value) and wheh to
use "flat" structured keywords;

— |providing an initial list of example genéric technical (low-level) keywords, such as "inputData| or
"checkValue"; these keywords can be used to specify test cases on a technical level and can be combined
to create business-level keywords asirequired.

Thip document is applicable to all\those who want to create keyword-driven test specifications, cr¢ate

corfesponding frameworks, or build test automation based on keywords.

2 |Normative references

There are no normativereferences in this document.

3 |Terms and definitions

For|the purposes of this document, the following terms and definitions apply.

[SO| IEC and IEEE maintain terminology databases for use in standardization at the following addresses;

— ISO Online browsing platform: available at https://www.iso.org/obp

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

— IEEE Standards Dictionary Online: available at https://ieeexplore.ieee.org/xpls/dictionary.jsp

NOTE For additional terms and definitions in the field of systems and software engineering, see

ISO/IEC/IEEE 24765, which is published periodically as a “snapshot” of the SEVOCAB (Systems and software
engineering vocabulary) database and is publicly accessible at https://www.computer.org/sevocab.

© ISO/IEC 2024, © IEEE 2024 - All rights reserved
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31

actual result

set of behaviours or conditions of a test item (3.23), or set of conditions of associated data or the test
environment (3.17), observed as a result of test execution (3.18)

EXAMPLE Outputs to screen, outputs to hardware, changes to data, reports, and communication messages sent.

[SOURCE: ISO/IEC/IEEE 29119-1:2022, 3.5]

ponent that replaces keyword (3.8) parameters with data, if necessary, across several hierarchy levels

3.4
degomposer
component that deconstructs the high-level keywords (3.7) across all levels into’a”sequence of low-lpvel
keywords (3.14) that eventually comprise it

3.5
dorpain layer
highest level of abstraction for the test item (3.23)

Notg 1 to entry: Keywords (3.8) on this level are chosen in a way that is familiar to domain experts.

3.6
expected result
obsgrvable predicted behaviour of the test item (3.23) under specified conditions based on its specification
or dnother source

[SOURCE: ISO/IEC/IEEE 29119-1:2022, 3.35]

3.7
high-level keyword
keypord (3.8) that covers complex activities that can be composed from other keywords and is used by
domain experts to assemble keyword test cases (3.13)

3.8
keyword
onel or more words used ds a reference to a specific set of actions intended to be performed during|the
exefution of one or moré€ test cases (3.16)

Note 1 to entry: The(asetions include interactions with the user interface during the test, verification, and sperific
actipns to set up atest scenario.

Notg 2 to entpy: Keywords are named using at least one verb.

Notg¢ 3 toentry: Composite keywords (3.2) can be constructed based on other keywords.

Notg 4to entry: Keywords often have parameters so they can be used with different data.

3.9

keyword library

keyword dictionary

repository containing a set of keywords (3.8) reflecting the language and level of abstraction used to write
test cases (3.16)

3.10
keyword-driven testing
testing (3.27) using test cases (3.16) composed from keywords (3.8)

© ISO/IEC 2024, © IEEE 2024 - All rights reserved
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3.11

keyword-driven testing framework
test framework (3.20) covering the functional capabilities of a keyword-driven editor, decomposer (3.4), data
sequencer (3.3), keyword library (3.9), data repository, test environment (3.17), and including organizational
processes that define their interaction and use

Note 1 to entry: For manual keyword-driven testing (3.10) the functional capabilities of a manual test assistant are also
covered, while for automated keyword-driven testing the functional capabilities of a test execution engine (3.19), tool
bridge (3.28) and script repository are also covered.

3.12

key
imp
31

key
seq

conpposed to describe the actions of a test case (3.16)

3.14
low
key

3.1
ma
hun

Not
test]

[SO

31
tes
set
ton

[SO

3.1
tes
env

Not
typ

Not
[SO

31
tes

word execution code
lementation of a keyword (3.8) that is intended to be executed by a test execution engine (3.19)

B
word test case
lience of keywords (3.8) and the required values for their associated parameters (asapplicable) that

3
-level keyword
word (3.8) that covers only one or very few simple actions and is not composed from other keywords

D
hual testing
hans performing tests by entering information into a test item (3:23) and verifying the results

b 1 to entry: Automated testing uses tools, robots, and other test-execution engines (3.19) to perform tests. Ma
ng does not use these items.

URCE: ISO/IEC/IEEE 29119-1:2022, 3.46]

i
[ case

heet test objectives (3.24)
URCE: ISO/IEC/IEEE 29119-1:2022, 3:85, modified — Notes 1 to 3 to entry have been removed.]

y
[ environment
ironment containing facilities, hardware, software, firmware, procedures, needed to conduct a test

b 1 to entry: A test envirenment can contain multiple environments to accommodate specific test level or
s (e.g. a unit test environiment, a performance test environment).

b 2 to entry: A téstenvironment can comprise several interconnected systems or virtual environments.
URCE: ISO/TEC/IEEE 29119-1:2022, 3.95]

B
F eXecution

pf preconditions, inputs and expected results’(3.6), developed to drive the execution of a test item (3|23

are

hual

test

pro

cess of running a test on the test item (3.23), producing actual results (3.1)

[SOURCE: ISO/IEC/IEEE 29119-1:2022, 3.99]

3.19

test execution engine
tool that executes test cases (3.16) by passing data to the test item (3.23), triggering the test item to run and
receiving data from the test item

Note 1 to entry: A typical test execution engine can be a part of a test framework (3.20), a capture and playback tool or
a hardware robot.

© ISO/IEC 2024, © IEEE 2024 - All rights reserved
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3.20

test framework

structured set of principles, guidelines, and practices used for organizing, selecting and communicating
testing (3.27)

[SOURCE: ISO/IEC/IEEE 29119-1:2022, 3.103]

3.21

test interface
interface to the test item (3.23) used to either stimulate the test item, to get responses [e.g. actual results
(3.Ipf, or botn

Note 1 to entry: The graphical user interface (GUI), application programming interface (API) or servicé-eriented
arcljitecture (SOA) interfaces are typical test interfaces.

Not¢ 2 to entry: Stimulating the testitem can involve passing data into it via computer interfaces or attached hardware.
Notg 3 to entry: Getting responses includes getting information from the test item or associated‘hardware.

3.2p
test interface layer
lowgst level of abstraction for keywords (3.8), which interacts with the (test item (3.23) directly pnd
encppsulates the atomic (lowest level) interactions at the test interface (3.24)

3.28
testitem

tesf object

woik product to be tested

EXAMPLE Software component, system, requirements docunient, design specification, user guide.
[SOURCE: ISO/IEC/IEEE 29119-1:2022, 3.107]

3.24
test objective
reapon for performing testing (3.27)

[SOURCE: ISO/IEC/IEEE 29119-1:2022, 34114, modified — EXAMPLE has been removed.]

3.2p
test procedure
seqlence of test cases (3.16) inexecution order, with any associated actions required to set up preconditjons
and perform wrap-up activities post execution

[SOURCE: ISO/IEC/IEEE'29119-1:2022, 3.120]

3.2p
test result
ind]cation of whether or not a specific test case (3.16) has passed or failed, i.e. if the actual results (B.1)
corfespondito’the expected results (3.6) or if deviations were observed

[SOURCE:ISO/IEC/IEEE 29119-1:2022, 3.122]

3.2
testing
set of activities conducted to facilitate discovery and evaluation of properties of test items (3.23)

Note 1 to entry: Testing activities include planning, preparation, execution, reporting, and management activities,
insofar as they are directed towards testing.

[SOURCE: ISO/IEC/IEEE 29119-1:2022, 3.131]

© ISO/IEC 2024, © IEEE 2024 - All rights reserved
4


https://standardsiso.com/api/?name=5a492978a896bf13b381bee9fd2f8343

ISO/IEC/IEEE 29119-5:2024(en)

3.28

too

1 bridge

component that maps and transforms the keywords (3.8) to code and data to be executed by the test execution
engine (3.19)

4

4.1

Conformance

Intended usage

The

Thi
key|

It i
def

conjponents or parts of components suitable for the organization or project.

The
and
tot

4.2

Ful
def

4.3
Wh

co

Wh
req

including the consideration of any applicable risks. Tailoring decisions shall be agreed to by the reley

stal

EXA
dec
exe

5

5.1
Key

requirements in this document are contained in Clause 7.

5 document provides requirements on the components of frameworks supporting the applicdtiol
word-driven testing. It also provides requirements on conventions for the definition of keywards.

recognized that some organizations, projects, or teams may not need to use all of 'the compong

ned in this document. Therefore, implementation of this document typically involves selecting a sg

re are two ways that an implementation can be claimed to conform to this dgeument - full conformg
tailored conformance. The organization shall assert whether it is claimingfull or tailored conforma
his document.

Full conformance

conformance is achieved by providing evidence that all of the keyword-driven testing requirems¢
ned in Clause 7 have been met.

Tailored conformance

en this document is used for implementing components of frameworks that do not qualify for

ponents defined in Clause 7 have been satisfied.

ere tailoring occurs, the justificatioh. shall be provided, either directly or by reference, whenev{
irement defined in Clause 7 is notfollowed. All tailoring decisions shall be recorded with their ration

keholders.

MPLE A tool vendoryprevides only part of a keyword-driven testing framework in its portfolio, and
des not to implement requirements that are covered by complementary tools (e.g. a vendor only provide
ution engine, but nokeyword-driven editor - then the execution engine can still conform to this document).

Introduction to keyword-driven testing

Overview

word-driven testing is a test case specification approach that is commonly used to support

h of

bnts
t of

nce
nce

ents

full

conformance, the subset of components for whigh*tailored conformance is claimed should be recorded.
Tailored conformance is achieved by demonstrating that all of the requirements for the recorded subseg

t of

br a
ale,
ant

hus
5 an

test

aut

- £ : C . .
nration armd—thedevetopmrent—of testautonmatiomr frameworks—However, it camatso—beused—if

automation approach is planned or established.

no

In principle, keyword-driven testing can be applied at all testing levels (e.g. component testing, system
testing) and all types of testing (e.g. functional testing, reliability testing). Keyword-driven testing benefits

incl

ude the following:
ease of use;

understandability;

© ISO/IEC 2024, © IEEE 2024 - All rights reserved
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maintainability;
test information reuse;
support of test automation;

potential cost and schedule savings.

The fundamental idea in keyword-driven testing is to provide a set of "building blocks", referred to as
keywords that can be used to create manual or automated test cases w1thout requlrlng detalled knowledge

For

NO
co

ambh
and
eng

Ak

Thu
def

test automation, each keyword must be implemented in software.

E1 When keywords are not used, test cases are usually written using natural langdage or written
puter programming language. Compared with natural language, keywords have the‘advantage of being
iguous and more precise. Compared with a computer programming language, whén Keywords are well-def
well-structured, they have the advantage of being understandable by many people who do not have softy
neering skills.

pyword is usually defined at the following two levels.

At a low level, each keyword is associated with a detailed set 6f one or more actions that describe
exact steps that are to be performed.

Atahigh level, each keyword is ideally assigned a name Wwhich is meaningful to non-technical users. ]
keyword can require a set of input parameters, whichiwould also belong to this level in the struct
The keyword and the parameters together comprise“a high-level description of the actions associz
with a test case.

s, instead of describing each individual actien that needs to be taken in each test case, tests cay

co

An [example of the benefits obtained(from both manual and automated keyword-driven test case
enhlanced maintainability. Considerf(a case where the precise set of actions to carry out a commonly repeg
operation has changed. The modularity introduced by keywords allows modification of only the acti
for the changed operation in-the relevant lower-level keyword, leaving the test cases untouched. With
modularity, it can be necessary to modify each occurrence of this operation in all of the test cases.

Moglularization has helped popularize this approach. If test automation is required, a framework car

cre
ach

NO7
cap

ned at a higher level of abstraction using keywords. Higher levels of abstraction can be achieved by u
posite keywords, which are comprised ©f other keywords to describe associated actions.

hited to interpret-mdnually created keyword test cases as executable test automation scripts. Thi
eved by implefmenting test automation code for each keyword (e.g. keyword execution code).

E2  Testing tools can be used to support keyword-driven testing, but the available tools can be limited in t
hbility tosupport all the concepts described in this document.

rds
ese
fion
1ter

na
less
ned
are

the

Chis
re.
ted

be

$ing
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ted
ons
out

be
S is

heir
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test procedure

L.

test case

AF

Tn T T Tn
keyword test case - manual test case
implements
- S T 5
= S
=] [}
3 1.n 1.n =
g 1 1 ¢
£ N N c b5
b keyword doscribes action 2
E E
» 1 P

is implemented by

ﬁ test interface/tool indépendent

0.1 @ test interface /tool dependent

keyword execution code

. 1.n
is used by
1.n
framework generated manually generated
1 automated test script automated test script 1

<

automated’test script

Figure 1 — Relationships between keyword-driven testing entities

A t¢st procedure can have multiple test-cases in it, and a test case can, in turn, be part of different fest
proredures as shown in Figure 1.(Test cases can be either manual test cases or keyword test casep. A
keyword test case implements a manual test case.

A k¢yword test case is typically composed of a sequenced series of keywords. Keywords should be choseh to
odular and generic so that they can be reused in many test cases. Keywords can also be used more than
e in the same test case/)A test case is composed from test actions. Keywords represent test actions.

NOTE 3  Itis possibleto map several keywords to a single action. It is also possible to define keywords in a way fhat
each keyword repnesents one action. In these cases, a one-to-one relationship exists between actions and keywdrds.
However, a test~designer can decide to structure keywords in a different way (e.g. use more than one keyword
plement an action, or to combine two or more actions into one keyword). Thus, this relationship is not 4 1:1

an option that can be chosen when implementing keyword-driven testing, byt a

)

keyword execution code. Keyword execution code is specific to the chosen tool or test execution engine and
additionally depends on the test interface. For the manual approach, the action described by a keyword is
executed manually, so there is no keyword execution code. That is why in Figure 1 the relationship between
keyword and keyword execution code is 1 to 0..1.

Test automation is typically highly technical and tool-dependent since it depends on the test interface and
on the capabilities of the available tools. In general, keywords can be independent of the test interface (e.g.
user interface) and the tools used to execute the test cases.
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In this context, automated test scripts can either be generated automatically by a framework or developed
manually by a test automation specialist. Automated test scripts are typically developed by testers with
programming experience.

NOTE 4

with the implementation of the automated test scripts.

When developing automated test scripts, it is beneficial to align the structure (e.g. levels) of the keywords

If a keyword test case or a set of keyword test cases is automated, the framework for keyword-driven testing
generates the automated test script based on the keyword execution code.

NO

EQ A framewark for L’D‘nlnnr(“ driven f‘ncflnn doesnot hnr‘ﬂccarl]" '‘gonerate”" code The reguired code can
o he s

Iso

be g
An

5.2

5.2

Key

repared by testers and be executed by the framework

ex B provides an overview of advantages and disadvantages of keyword-driven testing.
Layers in keyword-driven testing

1 Overview

words can represent actions at different abstraction levels. For example, one&eyWword can refer to a v

conpplex set of activities, like the creation of a contract, which includes a lot of-steps, while another keyw

can|
clos
are

refer to a very simple action, like pressing a button on a graphical uset interface. The first keywor
e to the business and end user domain, while the second is closer to the test interface. Keywords
written at a similar level of detail, and have a similar relationship-te-the stakeholder's view, are sai

bel¢ng to the same abstraction layer.

Key

word-driven testing can be organized by using one or mare layers. Typical layers are the end y

dorl\ain layer and the test interface layer.

Whijle many implementations of keyword-driven testing comprise two or three abstraction layers, in s

cas

Thd
use
layé
sev

The
(e.g
a te)

Mo
key|

s it can be necessary to structure keywords in moge layers.

topmost layer is the most abstract layer, which i$ generally aligned with the wording of the applicati

I's. In practice, the topmost layer is usuallycthe domain layer. However, in some situations the donj
r is not required, and another, more abstract layer is used (e.g. if the test cases are supposed to s
bral different end user domains, a metaidomain layer can be introduced).

lowest layer is the most detailed {ayer. It is commonly aligned with the names of test interface elemg
"SelectMenu"). In practice, this layer is usually, but not always, the test interface layer (e.g. as someti
st interface layer is not required, or for specific reasons, even more detailed layers can be used).

$t keyword-driven test systems have more than one layer due to factors such as having understand

word test cases, maiptainability and division of work relying on a multi-layer structure. If only one 13

is implemented, it is cémmonly either at a low level, which affects the readability of the keyword test ca|

ord

In H

t a high level, which can result in more keyword execution code.

igure 2, an éxample is given, showing how test cases for two different test interfaces can be structu

by wsing twelayers of keywords.
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ord
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StartAPP InitializeCamera
CreateFile CreatePreview
test cases InputContents TakePicture
SaveFile VerifyPicture
Exit Exit
SaveFile: TakePicture:
d . 1 k d GetContents Initialize
omain ayer eywor S SelectMenu InvokeAPI CameraSnapshot
SelectSave Finalize
InvokeAPI(API)
. SelectM
test interface layer - ectMenu() {
keywords hWnd=GetWindowHandler() setupParameter()
. postMsg(hWnd,MenuMsg); Res= Call(API)
(script code) ) check(Res)
}
test interface GUI API

Figure 2 — Example for defining test cases by keywords-at several layers

EXAMPLE In Figure 2, two test cases are shown which are designed using a domain layer and a test interface
layer. One of the examples sketches a test case for a GUI application, the ether for a camera API. In both examples

imp
the
don

laydr for each test item.

5.2

Key

2 Domain layer

words in the domain layer correspondito business or domain related activities and reflect

the

ementation of the test cases in respect to test automation is done‘on the test interface layer. From top to botfom,
example shows a test case for each test item, provides a possible'structure of the composite keywords used af the
ain layer for both test items, and outlines the implementation of one of the simple keywords on the test interfface

the

terminology used by domain experts. Because of this, it can be easier for testers at the domain or business

leve

Key
def

EXA

1 to create test cases.

ne tests that work regardless of the technology used to implement the test item.

to the activities that are part ef the “business of word processing”:

StartApplication <app name>

ClearBuffer

EnterText.‘Hello World!”

ReplaceText “Hello”, “Goodbye”, “ALL_OCCURRENCES”
VerifyText “Goodbye World!”

words developed for the domain layer are generally implementation-independent; that is, the keywards

MPLE1  Akeyword testis developed to test a word processing application. Domain layer keywords corresgond

StopApplication

This test is valid for any text editor application that provides a global replace function (e.g. Notepad, MSWord,
Notepad++, GED, EMACS).

EXAMPLE 2  Frequently used domain layer keywords are "Login" and "CreateAccount".
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Tests constructed using domain layer keywords are relatively immune to changes in the implementation of

the test item, and can prevent expensive rework over the lifetime of the test item.
NOTE Extensive changes to the application, (e.g. changes in the workflow) can require test cases to be reworked.
5.2.3 Test interface layer

Keywords at the test interface layer refer to a specific type of test interface (e.g. the GUI). The actions needed
to address the test items can usually be easily identified. The total number of keywords is typically smaller
than at the domain layer, since the test interface is limited.

EXA
mafg
key
bigg

MPLE1 A GUI can be used as the test interface. As the GUI controls (along with the associated actions)
ped to a fixed set of keywords, a small number of keywords is needed. In the same case the domdin-rel
vords can be very versatile, and testers can decide to extend them according to their needs, which leadsto a
er number of keywords.

are
hted
uch

If afitomation is desired, the keyword execution code for keywords at the test interface layer is often simpler.

Hoy
see

Inte
the
EX/
bec

EXA
as "

element can be selected by using the keyword with a parameter (see-54). Some combinations of actions and elem

can

5.2

To

req
Thi
low]

Figure 3 illustrates how multiple layersigan be used in keyword-driven testing.

In @
lay§

Usi

vever, for a keyword test case composed from keywords at the test interface layer;)it‘can be difficul
how the interface layer keywords are related to the business domain.

rface layer keywords usually reflect the underlying implementation technelogy for the interaction v
test item. For example, keywords such as MenuSelect and PressButton(reflect a GUI operation. Uj
\MPLE 1 above, they would not be applicable to text editors using a condmand line interface, such a
huse they correspond to window-based operations.

MPLE 2 A graphical user interface is the test interface. Keywords are chosen to cover single actions 5
Click" or "Select". These keywords are applied to different element§_like lists, grids, or images, and the spe

be excluded.

4  Multiple layers

rombine the advantages of several layers (e.g."domain layer and test interface layer), a framewor
hired, which can help manage hierarchical keyiwords (see Clause 7 for details about testing framewor
5 way a high-level keyword at the business'level (e.g. domain layer keyword), can be built from sev
er-level keywords at a more technical level (e.g. test interface layer keywords).

omplex settings, three or more layers of keywords are necessary. In the figure, additional intermed
rs are represented by three.dots "...".

ng multiple layers requires composite keywords (see 5.3.2.).

t to
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_____________________________ :
test cases e.g. ATM perform withdraw... :
|

N :

domain layer keywords e.g. authenticate, select_withdraw, :
enter_amount... |

|

NO1
that
laye

NO']
toc
inte
one
COV{

5.3

5.3

test interface layer keywords e.g. inject_card, press_key,
verify_cash...

keyword layers

optional: test automation e.g. automated scripts toimplement :
(keyword execution scripts) Ul-actions or feed stubis,.. I
_____________________________ :

test interface e.g. graphical userinterface, stubs, :
API... |

|

Figure 3 — Multiple layers in keyword-driven testing

E1 Figure 3 explicitly shows two keyword layers - a domain layer and a test interface layer - and indic
in between there can be intermediate layers. It is possible, and can be sufficient, to organize keywords in only
r. However, there can also be situations in which more thantwo layers are needed.

E2 InFigure 3, the domain layer keywords are taken from the domain of an ATM test and are meant to be t
Feate test cases. The keywords from the test interface layer refer to simple actions that can be applied to the
face. The keyword "verify_cash" in this examplé is related to the test interface, and is supposed to cover

small activity, and used as part of domain layer keywords. In another example, a different design is possible
rs several actions and is then part of the demain layer.

Types of keywords

1 Simple keywords

Simlple keywords, whichase not composed from other keywords and are often used at the test interface Iz

(e-g
key|

Usi
exe

Dep
Sys

"MenuSelect" or "BrgssButton"), can be the connection between the test execution tool and higher-1
words at an intetmediate layer or domain layer.

g only keywords at the test interface layer can be sufficient for the definition of test cases and t
Cution. Exclusive use of simple keywords will lead to test cases with many actions.

ems‘such as databases, the system registry, or SOA messages. This challenge is normally suppoi

ending-on the test item, keywords at the test interface layer possibly need to interact with differ

ptes
one

Ised
test
bnly
that

yer
byvel

heir

ent
ted
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ical

by
env

ha tach
LITU UAULUITITAOLIVIT TTIAaIIIC VvV UL I LI)’ t.ll A A4 lullls Aa yl \/\A\/llll\ru A4 Y l\\'] VV\.II uJ lll AP 2w awyy CU T TITAOINC LITC Lo uInrt

ironment as clear as possible.

In a similar way, the automation framework supports access to the test interface or other interfaces on

whi

ch the keyword operates (e.g. mouse, keyboard, and touch screen).

Depending on the test interface, it can be possible to operate with a very limited number of simple keywords.
A limited vocabulary of keywords is beneficial for composing test cases, since they are easier to remember,
use and maintain. If test automation is required, a very limited number of keywords can result in an
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increased effort to implement the keyword execution code. This is because if a small number of keywords
still must cover the same complexity, an individual keyword must be more flexible or powerful.

EXAMPLE

An implementation is structured by the required actions such as "select". That particular action is only

implemented once due to an objective to have a small number of keywords. In this case, the single keyword "select"
addresses several types of interface elements, such as for a GU], lists, tables and radio buttons. The keyword "select" is
for that reason associated with a complex implementation.

5.3.

Sirote—t , i , , rertTSTfic :

fun

Con
org
can

It i
a s
For

"fillloutContractformPagel” can be valuable.

EXA

conjpare it with an expected result, and log the result of the comparison in thestest execution log).

It id
leve

EXA
key

It id
fun

Ac

conpposite keyword can be the union of the set'of parameters of the keywords that comprise the compo|

key|
par
intd
tha
id i

technical information is irrelévant to the person who designs test cases and operates at the domain layef.

EXA
thrd
thrd
one
or d
are
don

2 Composite keywords

rtional features.

nposite keywords are keywords composed from other keywords. This means that keywords car
hnized in different layers (see 5.2). For composite keywords, composite parameters (e.g. a, data structi
be required.

often useful to use business-level keywords, such as "login user". This keywordtan be compose

quence of lower-level keywords, such as "enter username”, "enter password" and "push login-butt]
more complex business objects, such as large forms for the preparation of contracts, a keyword

MPLE1 It is common to use composite keywords for verification, (e.g. retrieve a value from the applicaf

also possible to define a keyword at a higher level (e.g. domain. level) with a single keyword at a lo
1 (e.g. test interface level) to express a different semantic meaning.

MPLE 2 For navigation purposes, a high-level keyword *GeToResultsScreen" is defined by the lower |
vord “Click ResultsButton”

also possible to combine several simple keywords, to create a complex operation with a higher levg
Ctionality, such as "CreateCustomerAccount”, which’can include a large number of basic steps.

mposite keyword is a ‘package’ containing-a“sequence of other keywords. The set of parameters f

word; sometimes however, the implementer of a composite keyword can choose to ‘hide’ one or n
hmeters by assigning it a literal value-within the composite. This is done in the example in Figure 4.
rface layer keyword "Enter_value'~has two parameters: the id of the referenced object and the v3

is to be inserted. Only the value’(e.g. username) is visible on the top layer keyword "login", while

MPLE 3  Figure 4 illustrates how a keyword for a login procedure can be designed as a composite keywor
e layers. At the domdinylayer, this keyword can be used, [e.g. 'Login ("John","secret")']. This keyword is compose
e keywords at thelintermediate layer, "Set_User", "Set_Pwd" and "Close_Login". "Set_User" and "Set_Pwd" both
of the parametérs of the higher layer keyword "Login", while the keyword "Close_Login" requires no parame
ata at all. Atthe third layer (the interface layer), the simple keywords "Set_context”, "Enter_value" and "Sel
used. On this third layer, literal values are used, such as "Login_Window", which has not been provided with

ain layerkeyword but will be used the same way every time one of the intermediate layer keywords is used.
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b hidden from a tester, who_only used the composite keyword. This is especially useful if the detajiled
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Login (username,password)

A 4

Set_User(username)

Set_context(“Login_Window")

» Enter_value(“Edit_User‘,username)

v

Set_Pwd(password)

q
s

Set_context(“Login_Window")
AN
» Enter_value(“Edit_Pwd“password)
<
Close_Login() Qg/
\\
)

Set_context(“Login_Window")
O

Select(“Button_OK“)

A 4

A\ /. ]

domain layer intermediate laye@o test interface layer

Figure 4 — Example for using eomposite keywords with data

Figlire 5 explains the relationship between different types of keywords, keyword test cases and the 1
of Keywords that are eventually applied to-the test item. The keyword can be low-level, high-level
conjposite keyword.

bvel
ra
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keyword test case

1.n
keyword
AN
I I
low level high level composite
keyword keyword keyword
2
§ 1.n
low level
keyword
apply ;
test item apply
Figure 5 — Keyword test cases composed from keywords at different levels

If composite keywords are@otused, keyword test cases can be built from low-level keywords, such as fr

the|test interface layer. Through this approach, testing of the test item is accomplished by using low-1
keyfwords.

NOTE1 InFiguré 5 the composite keyword can be either a low-level keyword or a high-level keyword.

Consequently, the test cases are understandable for human testers and machine-readable test execu
englines. On'the other hand, when reading such test cases, it can be hard to recognize the use case or busif
cas¢ addiessed by the test case.

om
bvel

fion
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A

keyword test cases are enerally more understandable in respect to the addressed use cases or test ca
Testing of the test item is accomplished by using high-level keywords. Thus human testers need more

information about the detailed steps needed to execute the more abstract keywords, especially if they

ived

Ses.

are

not familiar with the business domain. If test execution engines are used, these test execution engines need

more information about the detailed steps needed to execute the more abstract keywords as well.

After combining low-level keywords to form composite keywords at a higher level (e.g. combining keywords
from the test interface layers with composite keywords at the domain layer), the keyword test case can be
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composed from these high-level keywords. Such test cases are very easy to understand, as they resemble the
related use cases or business cases.

NOTE 2

Figure 5 shows, for composite keywords, two levels of keywords: composite high-level keywords, and low-

level keywords. It is possible to have more levels, such as intermediate composite keywords, which are composed of
lower level keywords and are used to compose higher-level keywords.

To execute the tests, the high-level keywords can be decomposed into low-level keywords, usually using
a framework (see 7.2). So testing of the test item is accomplished by only using low-level keywords, which
makes it easy for human testers or test execution engines to identify the necessary actions to perform the

test
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step is not met, then the test result is set to "failed".
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words from different layers should not be mixed and used in one keyword test case, as it can be
rce of maintenance problems.

3 Navigation/interaction (input) and verification (output)

words can be classified into at least two categories: navigation steps (i.e. input €0, the test item)
fication steps (i.e. output from test item).

t keywords belong to the first category (i.e. the navigation steps) becauseNnost actions are neede
pare the test item or perform certain actions on it which will lead to arestilt. Navigation steps usul
steps that do not verify and log the test result.

result is then checked by one or more other actions i.e. the verification steps.

verification steps are related to the result of the test case. Eor'example, if the condition of a verifica

in be useful to allow navigation steps to be used for vetification.

MPLE1 A navigation step "AddUser" is required tojprepare data for a test case. In some cases, it can be U
hddition is expected to fail. Thus, the keyword can\verify whether it successfully creates a user, without mar
test case as "failed". However, the test designef’can also decide to mark a test case as "failed" due to the f3
ution of that navigation step, although the actial intent of the test case is to verify a result which appears lat¢
process.

reasons for tests failing in 5.3.4.

ger an expected result, thé'verification of this expected result is part of the same keyword and nd

MPLE 2 Pairs of keywords like "Open the dialog" - "Verify the dialog is opened" are normally avoided when
nd keyword is exclusively used following the first one.

4 Keywords that determine test results
words.cawbe used to determine the test status and to capture test results. This can include the follow

teStwoutput;

the

and

1 to
ally

fion

Ised

context where the addition of a user is supposed to{succeed, in other cases it can be used in a situation where

King
iled
b in

words are typically semantically independent from each other. Therefore, if a keyword is meant to

t in

the

ing:

conformance to success criteria;
test execution log files;
hardware outputs;

system status;

test failure(s).
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There are different reasons why a test execution can fail that can include the following:

— the conducted checks in the test case reveal a mismatch between actual outputs and expected outputs,
which can indicate a software failure;

— some steps in the test case cannot be executed, because test execution is blocked.

NOTE Blocked test cases include test cases that cannot be executed due to faults in keywords, keyword execution
code or the test environment.

It is useful to recognize the cause of a failed execution at first glance without having to analyse the cause in
detpil. Thus the framework sets different test results (e.g. failed and/or blocked) accordingly.

Thd result of an individual keyword execution normally impacts the test result, but that impact depend$ on
thelcontext.

EXAMPLE A keyword is defined to enter text into an edit field. The keyword works the same butthe resulty are
intefpreted differently depending on context. If the text field is expected to be active and textentered successfully
then the test result is set to passed. Conversely, if no text is entered to an active field, the test/réesult is set to fajled.
On the other hand, if the text field is expected to be inactive and text entered successfully’the result is set to fa}led,
whdreas if text cannot be entered the test result is set to passed.

The|test framework can be designed to handle blocked keywords on the test item.(Keywords can then be optiorfally
marfked either as “may be blocked” or as “must not be blocked”. In the first case, ablocking (unsuccessful execution) of
the keyword would not affect the test result; in the second case, the test result withbe affected. A keyword can be marked
eithpr globally (the property is default for all applications in test cases) or ovetkidden when it is used in a test case.

Thq test framework can additionally provide an error recognition mechanism that can take care of errors
returned by a keyword. Failures can be logged and described.ds/clearly as possible in order to simplify|the
correction of errors in the automation framework and investigate its cause, which can be a software-defect.

5.4) Keywords and data

Keylword-driven testing can be enhanced if keywords are associated with data. To allow an association with
datg, in many cases keywords have parameterswhich can be fixed or list-driven.

Most keywords have at least one parameterto specify the object they apply to. Some have another parameter
to gpecify input, (e.g. true/false, a string to type, an option to select in a combo box). This input generplly
deplends on the type of control and thetype of action.

NOTE In cases where a keywaord represents a verification step, the required input for the keyword can be| the
expgcted output or a state for theweferenced object.

Sonpe keywords can also accept a number of optional inputs; in such cases, the framework must hold defpult
Va{mes for those that are not provided (e.g. “Click UI_Element 456,123” can refer to a specific co-ordinate in
the|UI_Element, while.“Click UI_Element” with no specified co-ordinate can default to clicking the centdr of
that element).

For[compositetkeywords, which can cover extensive functionality, the number of parameters can grow pnd
the|test data ¢an become complex. It is a good practice to decouple the data from the actions. Therefpre,
multiplegparameters can be stored separately and a unique reference to the data is used as input for|the
keyjword.

EXAMPLE A composite keyword "createCustomer™ requires data such as first name, surname and address of the
customer. Instead of documenting the test data with the keyword test case, it is stored in a database. This allows a
single reference to the complex data in the database, and the test case can be extended by providing several sets of
data which are associated with the same sequence of actions.

Data-driven testing is a method of storing test data separately from the sequence of actions, which is
independent of keyword-driven testing but is frequently used in conjunction with keyword-driven testing. In
data-driven testing, for one test case with a defined sequence of actions, multiple sets of data can be provided.
The sequence of actions is then executed for each of the sets of data. Depending on the implementation, the
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data is either stored in a table, spreadsheet, or database. Data-driven testing is an option to decouple the
parameters from the test which matches very well with the concepts of keyword-driven testing.

See

6

6.1

6.4 for more details on data-driven testing.

Application of keyword-driven testing

Overview

Thi
Wh

The
a)
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can|

6.2

Identifying keywords is a pivotal task in keyword-driven testing as the contents, granularity and struct

of t
way

Wh
a)

b)

Gern
the
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(e.g
Ak

5 clause addresses some concepts which contribute to a successful implementation of keyword-driven test
le all of these concepts are not required for each keyword test case, test design can benefit from therm}

re are six concepts covered in this clause.

identifying and documenting keywords (6.2);

composing test cases (6.3);

keywords and data-driven testing (6.4);

modularity and refactoring (6.5);

keyword-driven testing in the test design and implementation process (6.6);
converting non-keyword-driven test cases into keyword-driven test cases (6.7).

itional guidance on the introduction of keyword-driven testing as well as examples on roles and t3
be found in Annex D. Annex C provides assistance for applying keyword-driven testing.

Identifying and documenting keywords

he keywords can impact the way keyword testicases are defined. It is important to name keywords
r that appears natural to the people who willhe working with them.

en identifying keywords, the following'steps are executed:

granularity) are supposed to be'assigned to the layers;

identify keywords in thedayer based on the definition or scope of each layer.

testing. A name (e.g-the keyword) is applied to an action or group of actions. Keywords are applicab
nge of situations§~At this point it is useful to determine which of the actions are information-depend
time, data, sifuation), and so identify which keywords need to be associated with parameters.

byword is-déscribed by the following information:

the name of the keyword, which tells the reader what this keyword is expected to do;

erally, keywords are-defined by first identifying sets of actions that are expected to occur frequent%ly in

ing.

sks

ure
in a

determine the layers needed inthe given context and define what sort of keywords (e.g. functionality,

e in
lent

the parameters of the keyword, which can be empty:

documentation on the keyword, including the layer in which this keyword is expected to be used,
keyword type (e.g. navigation or verification), the context in which it is to be used, the actions inclu

the
ded

with the keyword, either as a description, or as a reference to keywords on a lower layer (see next bullet),

and the objectives of the keyword;

if the keyword is composed from other keywords, a list of the included keywords in the order in which

they are used.
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Simple keywords can be identified by observing different interactions available at the test input interface,
such as interactions with keyboard, mouse, touchscreen, microphone, API.

Composite keywords can be identified by observing common actions that the user performs at the Ul level.

EXAMPLE "GoTo" would be used instead of "ClickButton", or "Select" instead of "ClickRowInTable".

Typical business behaviour can be encapsulated in a composite keyword (e.g. "CreateNewUser"). Other
complex manipulations like interactions with databases can also be candidate keywords in the framework.

Th

following issues should be considered.

NOT
key

in the domain. Keywords can then be described in a style like "OBJ.Action.Parameter”, where "OBJ" refers to the ol

whi
and
perf

6.3

Key
it cd

NOT

Wit

appropriate notation, including the use of tables or databases. The format depends on the avail

infy

Key
layé

Clayise 7).

EXA

Uniqueness: each keyword should be unique in its context of use.
Reusability: the keywords should be defined in a way that best supports future reusabilityx

Completeness: keywords should be defined with a view to all known elements and possible interacti
of the test interface (e.g. all known objects in the GUI and its dialogs).

Clarity: all keywords should be defined with a clear and consistent structure.<All keywords in a Iz
should have a similar abstraction level.

Specificity: keywords should not be redundant and should be mutually exclusive (i.e. keywords
represent distinct actions), to ease the test design and to decrease thesmiaintenance effort.

E2 In some environments it can be useful to use an object-oriefited approach to identify and desc
vords. Keywords can, in that approach, be identified by analysing the available objects and methods on the obj

Ch is to be addressed (e.g. a button in a user dialogue box), "Action®refers to the activity (e.g. "press"” for a butt

"parameter” refers to a list of additionally-needed parameteps:/This approach can be useful if all stakehol
orming keyword-driven testing within that environment are familiar with object-orientation.

Composing test cases

word test cases can be composed from previously-defined keywords. In the process of writing test ca
in occur that missing keywords are discovered and can, therefore, be defined after that point.

E Keyword test cases can be composed from composite keywords and used to build end-to-end tests.

hin the test case specification™ (see ISO/IEC/IEEE 29119-3), test cases can be documented uj

astructure (e.g. availabilitysof'a test management tool and the plans for automated execution).

word test cases usually dontain keywords from a single layer. A clear distinction is made between
rs. This distinction.opens the option to distribute the design of different layers to different testers

MPLE1 Test'ofan ATM using only simple keywords at the test interface layer:
enterValue(¥Card", 123000789)

entefiValue(“PIN”, 1234)

ons

yer

will

ribe
ects
ject
on),
lers

ses,

bing

hble

the
see

selectObject("Button”, "OK")

selectObject(“Button”, “Payment”)
enterValue(“Amount”, “200”)
selectObject(“Button”, “executePayment”)

verifyObject(“Payment”, ”200")

EXAMPLE 2  Test of an ATM using domain layer keywords:
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signlnUser(123000789, 1234)
executePayment(“200”)

verifyPayment(“200”)

More examples can be found in Annex E and in Annex F.

6.4

test]
easi
diff

The

NO71
the

6.5

Modlularity in keyword-driven testing is used to improve the longevity of the test cases. However, {

the
mali

Pos

Keywords and data-driven testing

cases are to be performed at user interfaces but with different languages. Not all interfhationalization issueg
ly addressed by data-driven testing: in the case of lexicographical sorting, the requested‘item can not only ha
erent label but also a different position.

following guidelines are taken into consideration for data-driven testing with keywords:

A keyword does not have to be “loop aware”. In other words, a keywaord ideally works the same whet
it is part of a linear sequence or is contained within a loop (such:ds in a data-driven test). This plz
the burden of managing the data file and fetching its content gn*the framework, not on the keywor
implies that the only method of getting data into and out ofa’keyword is through its parameters.

Multiple, non-nested loops in a test case, can be impleménted, but should not be used. Good data-dri
test design suggests the use of a single loop in test eases that are data-driven.

Nested data-driven loops should not be used. Nésting data-driven loops by more than two is norm
avoided.

The format of the data file and its contents are implementation defined. This document does not dic
the format of the file (e.g. an implementation can support data from Excel files, text files, or any other
type). Neither does this document dictate the format of the data items within the file (e.g. XML, ASCI
Unicode text, binary encoding, orahy other format is permitted).

E Although keyword-driven testing and data-driven testing are concepts that can be used independent
ry, in practice keyword-driyeh:testing includes data-driven testing.

Modularity andrefactoring

passage of time, changes in the test item, new test cases or new people on the team can all lea
ntenance issues.

Kible issues are as follows:

rédundant keywords: where two or more keywords for the same objective come into existence;

can
are
the
or's,

pme
are
ve a

her
Ices
d. It

ven

ally

rate
file
[or

y in

vith
] to

unused keywords;

conflicts where changes in keywords (e.g. structure or semantic), which fix an issue in a number of test

cases, create new issues in other test cases; this has associated cost factors;

Uncoordinated changes in keywords (e.g. name, semantics, parameters) cause rework or invalidate test

cases of other testers.
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To avoid these issues, the following maintenance actions should be considered.

A framework for keyword-driven testing should provide a way of creating a cross-reference for the used

keywords, allowing identification of which keywords are used in which places and how frequently t
are used. This shows if, and how much, a change in a keyword will affect existing test cases.

In some organizations, an authority is required who is responsible for all keywords, additions and
changes to existing keywords or how they are used. That authority assures consistency throughout
project including both development and testing stages.

““““““ baold A+t c oo
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6.6

6.6
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decide about the introduction or modification of keywords and discuss the structure of the keyword
an authority is in charge of keywords, they should also be in attendance.

A clear structure to document the keywords should be produced. Keywords can be grouped by l4
test item and region in the test item (e.g. dialog, objective or others). Keywords thatjare suppose
be usable by all testers will normally be stored separately from keywords which are‘only useful f
limited number of people.

Keywords can be subjected to configuration management practices (e.g. the authority mentioned abo
The ability to change keywords would normally be limited to those who\h€ed to do changes or
authority. All changes need to be well documented. Access to prior versions (e.g. the option for rol
back) should also be provided.

Keyword-driven testing in the test design and implementation process

1 Overview

test design and implementation process defined in ISO/IEC/IEEE 29119-2 (see Figure 6) is applic

his document. This clause describes the relationship between the activities of the test design
lementation process and keyword-driven testing.
Create A\Q
‘—P test model
(TD1) \J;\ test model
Q)
o
@ Identify test
O coverage items
Q (TD2) test coverage items

can
s. If

yer,
1 to
br a

ve).
the
ling

hble
and

Q% Derive
Q~ test cases
Qv (TD3) test cases
ol
é Create procedures
test procedures |
(TD4)

Figure 6 — ISO/IEC/IEEE 29119-2 test design and implementation process

The test design and implementation process in ISO/IEC/IEEE 29119-2:2021, Figure 10 (as shown in Figure 6)
describes four steps from ‘Create test model’ (TD1) to ‘Create test procedures’ (TD4).
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The requirements of TD3 to TD4 in ISO/IEC/IEEE 29119-2 are applicable to the test design and
implementation process used in keyword-driven testing.

TD1 to TD2 are not addressed in this document. Keyword-driven testing is relevant when performing the
activities TD3 - ‘Derive test cases’ and TD4 - ‘Create test procedures’. These are covered in 6.6.4 and 6.6.5.

6.6.
The

2 Create test model (TD1)

creation of the test model in keyword-driven testing is as defined in ISO/IEC/IEEE 29119-2.

6.6
The

6.6

6.6
InT|

Ak
key]

Acc

The
exe

Examples of keyword-driven test cases ean be found in Annex F.

6.6

The
key|
are
the

pyword test case is specified using one or more keywords. New keywords can be created or exis
words (e.g. created from an earlier test case) can be reused.

prding to ISO/IEC/IEEE 29119-2, test cases are derived by the followingsteps to exercise test coverage ite

3 Identify test coverage items (TD2)

4 Derive test cases (TD3)

4.1 Overview

D3, keyword-driven testing is focused on composing keyword test cases.

determine preconditions;
select input values;
select actions (where necessary);

determine expected results.

Cute the test and verify the test result. Keywords can fulfil one or more of these actions.

4.2 Determine preconditions

words. Composite high-level keywords (see 5.3.2) can be appropriate in a situation where multiple actj
required. Additionally)in some testing, keywords can be used to prepare more general precondition
system level (e.g.«importing data into a database or setting parameters for application start which

identification of test coverage items in keyword-driven testing is as defined in ISO/IEC/IEEE29119-P.

[ing

ms:

se design activities identify the different.actions that need to be performed to prepare the test itlem,

tester identifies the ne€ded test preconditions and decides which of them can be achieved uging

ons
s at
can

be yised over a series’of test cases) before other keywords establish the preconditions that are specific tp an

ind

6.6
The

vidual test case:

4.3 Select input values

tester selects input values based on test design considerations and then implements these input va

in K

ues
ith

wanrdc In situations where test cases are cnppnqu to he executed hy the same actions, but W

different sets of input values to provide different test outcomes, the keywords are normally developed to

sup

port data-driven testing (see 5.6).
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6.6.4.4 Select actions

The tester identifies any required actions. If the required actions are not available from existing keywords,
either new keywords are created or existing keywords are combined into composite keywords, as
appropriate, to provide the needed functionality.

NOTE As keywords are sometimes already defined, the iterative nature of the test design and implementation
process suggests that keywords can be subject to refactoring.

6.6.4.5 Determine expected results

The tester determines expected results. Keywords (new or existing) can be used to describe checks, in|the
keyfword test case that are used later, during test execution, to compare these expected results‘\with|the
actfial results (e.g. conformity with generic rules that are the subject of the test). These keywprds include
logging of the test result and can additionally include logging of extended information, e.gcfer analysik in
case of a defect (see 5.3.3 and 5.3.4).

6.6/5 Create test procedures (TD4)
Thd developed keyword test cases become the primary input for creating test precedures.

A framework for keyword-driven testing can provide mechanisms for assembling test procedures from
varjous test cases by applying different criteria (e.g. choosing test cases,;meant to be run in the same fest
enviironment set-up, or in data-driven testing, providing values for parameterized test cases which in jurn
are|based on keywords with parameters).

Additionally, a keyword framework can provide mechanisms to'determine the execution order within a fest
profedure. The framework can also be designed to ensure thatrequired preconditions are set up before fest
exefution. This can require additional generic keywords.

6.7 Converting non-keyword-driven test cases‘into keyword-driven test cases

If keyword-driven testing is to be introduced inte'an existing project, existing test cases can be converted
intq keyword test cases.

In gddition to the advantages of keyword-driven testing, reasons for deciding to convert existing test cdses
intq keyword-driven test cases includethe following.

— | Uniformity: ensuring that all' test cases have a similar structure and style will enhance readability,
maintainability and so reduce costs. Future maintenance can be cheaper if only one style of test cage is
to be maintained.

— | Efficiency: keywords identified from existing test cases can be reusable in future test cases.
— |Automation: the’Same automation framework can be used for old and new test cases.

— |Understandability: test cases can be used and maintained by non-technical testers (often with business
knowledge).

Redsons \to keep existing test cases and not convert them into keyword-driven test cases include [the
follpwing.

— Thenumber of existing test cases is large compared with the number of additional test cases that are needed.
— There is proven and maintainable automation for the existing test cases.
— The cost of converting the test cases is expected to exceed the benefits.

The decision to move to keyword-driven testing for existing projects should be carefully considered.
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Keyword-driven testing frameworks

7.1 Overview

If keyword-driven testing is used, everything necessary to support the approach is organized in a keyword-
driven testing framework. The complexity of the framework depends on its purpose. The components of a
framework are described in 7.2.

This subclause addresses several points to consider when implementing or using frameworks for keyword-

dri

ren fpcring

While 7.3 describes basic attributes for keyword-driven testing frameworks that are necessary for

imp

and are desirable, but are not expected to be available in all frameworks.

Thd attributes are divided into general, test design tool, and test execution engine aspects.as-follows.

A 1

General aspects are mostly tool-independent.

keywords, compose test cases from keywords, and assign data.

used to execute the test cases as automated tests.

It ig sufficient if the framework as a whole meets the named requirements.

7.2 Components of a keyword-driven testing framework

7.2

The

cus
sho

1 Overview

Lom tools, and solutions in the form of scriptlibraries. It comprises functional units (or functional ar

praftice, a commercial or custom software'tool can cover these functional units in parts or completely.

for
mu

or ﬂore software tools, along with .cistom implementations, libraries and organizational processes

5t cover the requirements described in 7.3 to conform to this document (see Clause 4).

the

lementation of keyword-driven testing, 7.4 lists advanced attributes that provide additional bengfits

Test design tool aspects are related to a software tool component of the framework that is used to manage

Test execution engine aspects are related to the software tool compefént of the framework which is

amework is likely composed of a series of tools each providing different parts of the needed capabilities.

keyword-driven testing framework can be réalized in a variety of ways including by commercial tdols,

bas)

wvn in Figure 7. This document does notdescribe how these functional units are to be implemented. In

Dne
can

a keyword-driven testing framéwork. Tools can have a different overall organization. A framework
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editor (composite) keyword
i .
keywords library
business level test cases keywords
test data (//”____——§\\\i)
decomposer data sequencer
test
] data
actionable test cases
built from low level keywords
manual
test assistant
NOTE Not shown in this figure are the documentation and organizational processes (see 7.2.11).
Figure 7 — Components of a keyword-driven testing framework for manual test execution
In Higure 7, a keyword-driven test framework is shown that is restricted to the support of manual test

If t

Figlire 8, and the manual test assistant is not required. Instead,a test execution engine is used to run the

cas
in t
infq

pst automation is required, the framework would be comprised of additional elements, as show]

bs against the test item. A tool bridge is used as a linkhetween the keywords and their representa
he automated test execution environment. The tool Bridge's main task is to transform the necess
rmation into a suitable format for the test executiéon engine.

ing.
N in
fest
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ary

© ISO/IEC 2024, © IEEE 2024 - All rights reserved
24


https://standardsiso.com/api/?name=5a492978a896bf13b381bee9fd2f8343

ISO/IEC/IEEE 29119-5:2024(en)

NO

The
7.2

NO
one
ma
only
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dit (composite) keyword
A keywords library
business level test cases keywords
test data
decomposer data sequencer
test
actionable test cases e
built from low level keywords
. (automated)
tool bridge script modules
(automated)
(automated) test script script
repository
execution
engine

(automated) operation/input

SUT

test execution environment

E Not shown in this figure are the documentation and organizational processes (see 7.2.11).

Figure 8 — Components of a keyword-driven testing framework for automated test execution
functional components and proeesses which form a keyword-driven testing framework are explaine
P to 7.2.11.

E These component deseriptions do not assume any specific implementation of the components. In prac
specific tool can cover-some of these components (e.g. keyword-driven editor, decomposer, data sequencer

ual test assistant can.be included seamlessly in one test management tool). Other implementations can pro
parts of one of the components in one tool.

2 Keyword-driven editor

keywerd+driven editor must be available to compose keyword test cases from keywords. The keywd
be taken from a keyword library (7.2.8).

d in

fice,
and
vide

rds

In

ractice, the ](nymrnrr‘]_r‘lrivan editor can be imp]nmpnhﬂd invarious ways

EXAMPLE

application, a dedicated standalone application or can be part of a test management tool.

7.2.

3 Decomposer

Possible implementations of a keyword-driven editor include, but are not limited to, a spreadsheet

The decomposer must be available if composite keywords are used. The main task of the decomposer is to
transform the composite keyword test case, which consists of a sequence of high-level keywords, into the
appropriate sequence of low-level keywords.
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7.2.4 Data sequencer

The data sequencer must be available if keyword-driven testing is to be applied with several sets of data
associated with one keyword test case (i.e. data-driven testing is also being used). The main task of the
data sequencer is to transform the sequence of keywords (e.g. low-level or high-level) which are not yet
associated with data to a list of keywords with specific data.

By doing this, the original actions, which have been written only once in the keyword-driven editor, are
repeated for any desired set of data. All parameters or placeholders are replaced by the final value needed in
the respective test case.

Thg data sequencer can work both on high- and low-level keywords.

NOTE Depending on the implementation, the tasks of the decomposer and the data sequencer can be perforpned
in afbitrary order. Both tasks can be done by the same software implementation.

7.2|5 Manual test assistant

Thg manual test assistant only must be available for manual test execution. Its task,is to present the fest
cases as prepared by the decomposer and data sequencer in an actionable way, to’the human tester. [Che
testler then performs every single action, as well as documenting the test execution and the results.

In gractice, the manual test assistant is frequently part of a test managemenitool.

7.216 Tool bridge

The tool bridge only must be available for automated test execution and has a similar function to the manual
tesfassistant used to support manual test execution.

Thd task of the tool bridge is to provide a connection between the keywords, as they appear in the keyword
tesf case or in the keyword library, and the associated implementation in the test execution environment.

Forleach keyword passed from the data sequenceror-from the decomposer, the tool bridge, depending on|the
imglementation, requests the test execution engine to call the corresponding script (e.g. keyword execution
codg) or appropriate functions, and by that perform the right actions with the appropriate data, if applicable.

In practice, a tool bridge can be implemented as a separate software tool, as a script in a test automation
tool's runtime environment, or as part’of a test management tool. Some bridge implementations can be
refdrred to as a "generator," for example, when a script or parts of scripts are generated for execution by an
autpmation tool. Additionally, a bridge can be called an "interpreter” or "engine", for example, when a scfript
is executed to interpret the sequénce of keywords and calls the corresponding sub-functions.

7.2]7 Test execution énvironment and test execution engine

To gupport automated keyword-driven testing, the test environment contains a test execution engine with
linKs to the item-inder test. The test execution engine is a tool implemented either by software, hardwpre,
or Hoth. Its task-s to execute the test cases by performing the actions associated with the keywords.

In practicesthe implementation of a test execution engine varies depending on the test item and environmgnt.
The test éxecution engine can be a commercial test execution tool, (e.g. a capture and playback tool, or it|can
alsa beya hardware appliance, controlled by software, such as a robot).

7.2.8 Keyword library

The keyword library stores keyword definitions for one or more projects or portions of those projects. It is
used to store the core information on keywords, such as name, description, parameters, and, in the case of
composite keywords, the list of keywords from which the respective keyword is composed or derived. For
test automation, it also contains necessary information for the tool bridge to associate the keywords with
the keyword execution code in the script repository. The keyword library can help the tester find a keyword
that implements a required action in a test case.
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In practice, a keyword library is supported by a test management tool.

7.2.

9 Data

The data component in the keyword-driven testing framework refers to the test data used for the keyword
test cases.

Keyword test cases can be designed so the test data is included in the test cases. In this case, external test
data is not be required. In other implementations, the keyword test case does not contain actual data, but
contains placeholders which need to be substituted with data before the test case can be executed. In this
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casg, the test data needs to be stored. In practice, it is common to store that data in files, in a spreadsheet
application, in a dedicated database, or in a test management tool.

10 Script repository

script repository stores keyword execution code. It only must be available if keyword-driven testin
e with the aim of executing the test cases automatically.

automation of keyword-driven testing, each keyword mustbe associated with atleast one implementa
a command, script or function), which corresponds to the actions associateddwith that keyword.

ractice, the script repository is frequently implemented by either a test automation tool or stored
ned location in the file system.

11 Documentation and organizational processes

pyword-driven testing framework can be based on several tools covering the components defined in 7
2.10.

documentation of the keyword-driven testing framework typically forms part of the organizational
Ctices. This documentation describes how the toéls are integrated and how they are used within
hnization’s projects.

itionally, the documentation can define rulés on how to apply keyword-driven testing, e.g. by defiy
rs (see 5.2) or conventions (see Annex Afor additional information and typical conventions).

Basic attributes of the keyweord-driven testing framework

1 General information en'basic attributes

ren testing. It describes’attributes which are required in keyword-driven testing frameworks and
essary for conformarice to this document.

P to 7.3.9 stpueture these attributes and requirements by the components of keyword-driven tes

frameworks aceording to 7.2.

7.3

2  Documentation

gis

fion

at a

2.2

fest
the

ling

5 subclause defines framework attributes that are generally necessary for the application of keyword-

are

[ing

Key

word-driven testing frameworks demonstrate the following attributes.

a)

b)

There shall be documentation recorded describing each keyword.

NOTE1 This is necessary for people to understand and use the defined keywords appropriately to build t
test cases. The description is improved by the inclusion of an example.

There shall be documentation recorded for the parameters of each keyword.
NOTE 2 Keyword and parameter documentation includes naming of the keywords and how they

described, the parameters’ maximum length, allowed characters, optionally reserved names or characters,
documentation rules.
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NOTE 3  An example of keyword documentation is given in F.2.

¢) A default value shall be documented for every parameter in case a value for a parameter is missed in the

keyword test case definition.

d) There shall be high-level documentation recorded describing the hierarchy of the keywords that can

be used.

e) There shall be high-level documentation recorded describing how data is stored and referenced for

data-driven tests.

EXA

The
(see

The

7.3
Wh
Key
a)

b)

MPLE Data can be stored in a database or in a spreadsheet, and can be organized in columns or rows.

documentation described above can be part of the test plan, test policy, organizational testypract
ISO/IEC/IEEE 29119-3) or a standalone document with references to/from other test docufnents.

re are several options for recording this information, such as word processors or test management tq

3 Keyword-driven editor (tool)
en creating keyword test cases, a tool which supports the building of test cases,should be used.
word-driven editors provide the following to support testers.

Within the keyword-driven editor, non-composite keywords shall\be displayed with their associg
actions.

EXAMPLE1 Akeyword "login" is associated with the following,actions:
— press button >>login<<

— enter user name

— enter password

— press button >>submit<<

NOTE1 A keyword like "login" can he~designed to be composite (see Figure 1) or non-composite. In
example it is assumed that the tester has decided to define "login” as a non-composite keyword.

For keywords which have been/defined with lower-level keywords, the user shall be able to access
definition within the keyword-driven editor.

The keyword-driven editor shall allow the use of keywords with parameters to support data-dri
testing.

The keyword-driven editor shall provide the capability to enter comments.

The keyword*driven editor shall offer the capability to connect to data sources that are used to as:
values to pafameters.

NOTE 2" Through this capability test cases become keyword-driven and data-driven. While it is possible toj
keywerd-driven testing without data-driven testing, in practice data-driven testing is so important for effig
keyword-driven testing that frameworks for keyword-driven testing are expected to offer the option of d

iIces

ols.

ted

this

this

ven

ign
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)

EXAMPLE 2 Possible data sources are databases or spreadsheets.

Within the keyword-driven editor, multiple uses of keywords shall be implemented by reference to
script repository.

NOTE 3 Copying implementations of keywords in the script repository can be avoided by using references.

the

The keyword-driven editor may provide the capability to define the order in which the test cases are to

be executed.
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NOTE 4  The test execution order is part of deriving test procedures.

7.3.

Dec

a)

4 Decomposer and data sequencer
omposer and data sequencer provide the following.

The decomposer shall decompose higher-level keywords into lower-level keywords.

b) The decomposer shall process parameters, including assuring that the parameters associated with the

higher-level keywords are decomposed and associated with the lower-level keywords.

)
7.3
Am

b)

7.3

The
test

7.3

Tes
or 2
soff

Req
a)

b)

d)

The data sequencer shall be able to process parameters.

5 Manual test assistant (tool)
anual test assistant provides the following.

The manual test assistant shall support manual test execution based on the défined test cases
presenting the user with the keywords that make up the test case and allowing/the user to specify|
pass/fail attribute for each keyword.

The manual test assistant shall provide support for logging defects associated with a test failure.

6 Tool bridge

tool bridge shall provide the test execution engine with the appropriate execution code to execute
cases.

7 Test execution engine

[ execution engines are designed to execute test cases. One or more test interfaces (e.g. an API, a
hardware interface) are used to access the test.item. A test execution engine can be implementec
ware, by hardware or both.

uirements that apply to the test executionengine include the following.

Keywords shall be executed sequentially starting with the first keyword unless the test script incly
conditions or loops.

NOTE 1 Thisis in general; but exception handling can require non-sequential execution to process an aborj

The test execution engine shall provide support for both literal values and variables as value
parameters.

The test execution.engine shall provide execution results at the keyword level for each execution of ¢
keyword implementation.

NOTE 2 . In-this way, a user can tell from the test results whether a keyword was executed successfully,
executioh.ef the keyword failed, identify the reason for the failure (e.g. text field not writeable, field not presg

The test execution engine shall be able to store the timestamp of its executions with the duratio
each execution.

by
the

the

GUI
| by

des

5 of
ach
r, if

nt).

h of

e)

The test execution engine shall be able to identify unimplemented keywords.

NOTE 3 Akeyword is unimplemented if there is no execution code for that keyword.

f) The test execution engine shall provide an error recognition mechanism to handle errors returned by

keywords as described in 5.3.4.

NOTE4  Asaconsequence, the test execution engine either limits the number of cyclesin aloop or provides another

means to make sure that unlimited loops are impossible (e.g. by terminating each loop after a predefined time).
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The test execution engine shall provide a clear statement of PASS/FAIL for a test case whenever there
are passed and failed executions in one loop.

NOTE5 Ifaloop contains a verification, it can happen that the verification fails for some, but not all loop cycles.
The PASS/FAIL statement indicates if this situation is either "PASS" or "FAIL" for the test case.

The test execution engine shall include the unique identifier of the execution in the record of the
execution.

The test execution engine shall include the unique identifier of the test environment in the record of the

evecution

k)

NO1
per;
one
key

The test execution engine shall include the unique identifier of the test item in the record |of [the
execution.

The test execution engine shall support multi-application keywords by providing a mechanism to seflect
between multiple implementations of a keyword.

E6  Multi-application keywords are keywords that can be used in different applications. From a uger’s
pective, it is a single keyword, but to be applicable in different applications, differentiimplementations for| the
keyword are required. A test execution engine which supports this recognizes which ef the two applicationd the
vord is to be applied on and selects the correct implementation for it. This allows'\a\test case to manipulate nore

thai one application using keywords written for each application. For example, a test'ease that verifies interoperabjlity

ofa

D)
NOT

7.3

The
des

7.3

Reqg

b)

7.4

7.4

Thi
driy

identify fequirements necessary for conformity with this document.

h office application suite is able to use keywords written for each of the two applications in a single test case.
The test results shall be available to the user.

E7  Other components include test design or test management.components.

8 Keyword library

keyword library shall support the definition of keywords that includes the basic attributes of name,
Cription and parameters.

9 Script repository
uirements that apply to the script repository include the following.
The script repository shall supportthe storage of keyword execution code.

The script repository shalk provide a mapping from each keyword to its corresponding keywjord
execution code in the keywaord library.

Advanced attributes of frameworks

1 General information on advanced attributes

5 subclause(defines additional attributes that are recommended to achieve the full benefits of keyw¢rd-
ren testing. Basic keyword-driven testing is possible without these attributes. This subclause does|not

74.

D to' 7.4.10 structure these attributes in terms of the components of keyword-driven testing framewdrks

according to 7.2.

7.4.2 Documentation

Keyword-driven testing frameworks demonstrate the following attributes.

a)

There should be high-level documentation recorded that describes the rules of how the keywords can be
composed into test cases.
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b) There should be high-level documentation recorded which describes the rules of how parameters are

described.

c¢) There should be high-level documentation recorded which describes the rules of how parameters

d)

7.4.

are passed.

There should be high-level documentation recorded describing how keywords are defined.

3 Keyword-driven editor (tool)

Fea

a)

b)

d)

f)

g)

7.4
Fea
a)
b)
7.4

The
iten

ures ol a Keyword-driven editor include the rollowing.

The keyword-driven editor should provide a function for checking the syntax of the test cases.compo
of the keywords.

The keyword-driven editor should provide the capability to track keyword usage andprovide a cr
reference to indicate in which test cases and composite keywords each keyword is used.

During any syntax checking the keyword-driven editor should check that only defined keywords
used in test cases and either reject undefined keywords or mark them as undéfined.

For keywords that have parameters, the keyword-driven editor should(check the correctness of €
parameter count, and type.

NOTE1 The parameter count is the number of parameters which arejprovided when using a keyword.

EXAMPLE Parameter types can be (not limited to) a numbertext string or something as complex a
address.

There should be a capability to define exception handling (e.g. if an exception occurs on test executio
should be possible to define which clean-up steps are‘executed) within the keyword-driven editor.

The keyword-driven editor should allow auto-commpletion or drag and drop for allowed keywords
their parameters.

The keyword-driven editor should supportwersioning of keyword test cases.

4 Decomposer and data sequencer
fures of the decomposer and data-sequencer include the following.
The decomposer should support the implementation of hierarchical keywords.

The decomposer and-data sequencer should support hierarchical structured data.

5 Manual testassistant

manual test@ssistant should provide the capability to attach screenshots or other outputs of the
1 to the testlog.

7.4

6 ~Tool bridge

sed

PDSS-

are

ach

b an

In, it

and

fest

No advanced features are defined for the tool bridge.

7.4.

7 Test execution environment and test execution engine

A test execution environment and test execution engine support the testers as follows.

a)
b)

Keyword execution code should be able to read, store and process data from test items.

Variable name space support should be provided.
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EXAMPLE1  Multiple applications are addressed in a single test case, using different variables in each

application with the same name but in different namespaces.

Context switching when moving between applications in a test case should be supported.

Implementations should manage the switch between namespaces (e.g. when changing application

references).

e) Testing that multiple users of an application can access the same shared data in parallel should be

supported.

f)

g)

h)

NO'
usir

i)
j)

k)

D)

EXA

EXA
tow

7.4

Fea

The test execution engine should handle blocked keywords on the test item by continuing test exeeu
with the next appropriate keyword (see 5.3.4).

NOTE1 The next appropriate keyword is either defined by the test designer, or, if no such definition has |
done, the next keyword in the test case.

The test execution engine should be capable of handling keywords with attributes such as "may
blocked" and "must not be blocked" (see 5.3.4).

The test execution engine should support data-driven tests.

E2 This includes, at a minimum, a looping construct that allows iteration gverja set of one or more keywag
g data values read from an external data file. See 6.4 for a detailed discussion.

There should be a capability to define conditional actions.

When an exception is handled, there should be a capability to sKip actions and ensure that defined clg
up steps are executed.

NOTE 3  This includes the ability for the keyword execution code to request that the test case abort, i.e|
executing those subsequent keywords, usually as a resultof-an unrecoverable situation detected in the reques
keyword.

Each implementation for a keyword should provide the information needed to perform the requ
actions, such as input parameters or the object of the action. Each test step represented by a keyw
thus contains all information for performing the action.

The test execution engine should\be able to verify whether keywords received from tables,
management tool etc., match theixkeyword execution code by comparing count and type of paramet

The test execution engine should ensure that all loops in keyword test cases are restricted in a way
infinite loops are prevented:

MPLE 2 Atest execution’engine supports loops limited by a given number of passes.

ait for a maximwiitime of 2 s for an event to occur or timeout.

8 Keyword library

furesiofra keyword library include the following.

fion

een

be

rds,

an-

not
ting

red
ord

Lest
ers.

hat

MPLE 3 A test exe€cution engine supports loops limited by a fixed period of time. In a test case, a loop is limlited

The keyword library should support hierarchical keywords.

The keyword library should support versioning of keywords.

The keyword library should support the implementation of aliasing, synonyms, and internationalization

to facilitate the creation of test cases.
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9 Test data support

Features of test data support provided by the keyword-driven testing framework include the following.

a)
b)

7.4.

The framework should support versioning of test data.

The framework should support hierarchical data types.

10 Scriptrepository

The

8

Key
driy
dat

Dat
thid

NOT

Dat
inte

An

fl dlIlIICWUI }\ bllUu‘lL‘l buppu1 lL. VvCl DiUllillg Uf }\C_y VWUI L‘l C)&CLutiUll LUdC.
Data interchange

ren test framework. The tools must be able to receive understandable data and outptit understand
h (interchange data).

h interchange between humans and a software tool, mostly at the user intefface, is not addresse
clause.

E The term "tool" can refer to both commercial tools and custom-built (nén>commercial) parts a framew,

h interchange in keyword-driven testing should be supported:-by a standard published by
rnationally-recognized standardization body (e.g. SO, IEEE, OMG).

bxample of a data format to interchange keywords is given if/Annex G.

word-driven testing is typically supported by software tools which are components f’the keyw¢rd-

hble

1 in

ork.

an
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Annex A
(informative)

Typical keyword conventions

following are typical conventions for keywords.

NO
wor

f)
g)

NO1
lang

The

EXA
key
par
tob
are

intr]

NO'
am}i

E The words “shall” and “should” appear in some of the conventions. These “shall’s and “should”s areexar
dings only and do not represent requirements and recommendations of this document.

Keywords should contain a verb.
Keywords should use the imperative form.
Keywords shall provide a description of the associated set of actions.

Keyword descriptions shall be unambiguous.

when designing test cases.

NOTE1  This can be verified by reviewing the keywords with the stakeholders.
Every keyword shall be unique in its meaning within a franmiework.
Keywords should not be derived from programming languages.

E2 Programming languages can be too intangible ordifficult to understand. Knowledge of a program
uage by the domain experts who will specify the testeases cannot be assumed.

following example illustrates items a) to g).

MPLE The keyword "pressButton” contains a verb (a) in imperative form (b). The description is

meter that identifies the button [e.g. ~pressButton <cancel>" it is unambiguous (d)]. This keyword is assu
e understandable by English speaking stakeholders, as the words "press" and "button” in the keyword's n
taken from the testers' usual vocabulary (e). Uniqueness of meaning (f) is given as long as no other keywor
bduced which refers to the sameactivities.

E3  Natural language €an’be ambiguous, contain synonyms and homonyms, and can result in unclear
iguous test cases.

hple

Keywords shall be defined in a way that they are understandable by thé stakeholders who will use them

hing

[his

vord is used to trigger an element of clas$.<button> in the graphical user interface" (c). If it is associated with a

med
hme
d is

and
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Annex B
(informative)

Benefits and issues of keyword-driven testing

B.1

By

fomposing test cases from a defined set of keywords, the benefits can include the following.

B.2

General benefits of keyword-driven testing

Keywords can be defined in natural language meaning that test cases can be written with'more or
detail, depending on the project's needs.

Test cases become clear and understandable. This supports efficient manual test execution.

Keywords make it easier for users (and others) to create, understand and maintdin test cases.

less

Using unambiguous and precisely defined keywords allows the option to select whether the execution of

a test case is done manually or is done with automation. In the case of-atitomation, it is expected that
keywords will be implemented as keyword-scripts.

Testers working at the business level do not require technicdl understanding of the test automa
framework to be able to create and edit test cases which arg fully suitable for test automation.

Testers working at the technical level can automate key®ord-driven test cases, even if they have lim
or no understanding of the business domain, by automating the keywords for the high-level test case
the subject matter experts.

Testers can implement test cases using a language that is understandable to domain experts and that
be reviewed by them for business correctness. If this is done, then keyword-driven testing can hel
close a frequently perceived gap between the business level and the technical level.

Maintenance of the keyword scripts at\the technical level is unlikely to affect the logic of the test ca|
So, in general, there is no need in:r€;specifying or re-formulating the keyword test case if the techn
implementation of the keywords is adjusted.

Sensitivity to changes (which can create the need for maintenance effort) is reduced.

Portability of a set of testicases is easier to achieve (e.g. if a similar system with almost the same busif
cases has to be testéd then many of the keywords can be reused).

Test cases composed of keywords can be created faster than those written in natural language.

Refactoring'of'test cases is cheaper because it is likely that only individual keywords or keyword scr
need tode changed.

the
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Benefits of keyword-driven testing for test automation

Benefits of keyword-driven testing in the case of test automation can include.

— Automated functional tests can be implemented before the test item actually exists, either by using
existing keyword libraries with their corresponding automation scripts, or by defining new keywords

and adding the automation scripts later as the test interface is defined.

— The number of keywords required for a test item is much lower than the number of test cases required.
The effort of implementing test automation scales with the number of keywords instead of with the much
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faster increasing number of test cases. This is particularly beneficial as at some point there are usually
no or very few new (low-level) keywords needed for new test cases when a new feature is implemented.

As long as test cases are constructed from the established set of keywords, once these keywords have
been implemented, new test cases do not need any additional implementation effort to be automated.

Maintenance of test cases for business reasons does not affect the implementation of the keyword scri
as long as the set of keywords and the semantics of the keywords are not changed.

case that calculates a prir‘p is :\djncfpr‘] by adr‘]ing an pvicfing ](pymmrrl to enter the value for the tax rate _an

pts,

An application is changed since the tax rate, which was previously fixed, is now entered by the user. A

the

resy

B.3
Wh

NO']
ach

B.4

Usi
imp
higl]
ear
test
lim
Usi
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pos

NO7

Iting price total is updated. It is not necessary to change the keywords or keyword scripts.

Benefits of keyword-driven testing for manual testing
en using keyword-driven testing with manual testing the benefits can include the following.

Faster test execution can be achieved because the tester remembers the functienality of a reu
keyword and no interpretation effort is needed for reused keywords.

Testers are guided more precisely to achieve test repeatability and consistency.

E Keyword-driven testing is one approach of gaining these benefits\\Fhere can be other approache
eving similar benefits.

Possible issues with keyword-driven testing

g keyword-driven testing can result in additional costs{e.g. from initial creation of keywords and t
lementation, managing keywords) and also in a delay:in constructing test cases which can equat
ner project costs. In later project phases, these initial'investments can pay off due to the benefits lis
ier in this annex, including faster implementation'of additional test cases and saving time when edi
cases. Realizing these benefits can be more difficult for short-term projects that only require a ¥
ted number of test cycles.

's. While the benefits mentioned in B.1, B.2, and B.3 are expected to reduce the project costs, the follow
sible issues can add to the projectefforts.

In the initial phase, when keyword-driven testing is started, keywords must be identified, and in cas
test automation, implemented and tested. This is a considerable additional effort that must be considg
in planning.

Personnel must betrained to use keywords for test case specification.

Continuous maintenance and support of the keyword library require support staff, budget and tim|
be assigned/These must be considered when designing the keyword library and when test planning.
additional\effort can result in delays when constructing test cases.

E The additional effort pays off when the implemented keywords are used more frequently.
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g keyword-driven testing instead of traditional test specification in natural language affects project
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Annex C
(informative)

Getting started with keyword-driven testing

C.1

Thi
hav

Inn
and

General

5 annex provides assistance for applying keyword-driven testing. It is offered to help those whe do
e experience with keyword-driven testing but want to learn how to start doing it.

C.3:

identifying keywords;

composing test cases.

not

hany cases, keyword-driven testing is done by performing two major activities that age described in|C.2

Although these activities can be conducted sequentially, they are often applied iteratively or concurrently.

Thi
the

Hoy
to f

C.2
Key
The

b)

test designer recognizes the need for further keywords.

Vever, in principle, both activities are required, and when starting keyword-driven testing, it is advis
pcus on these activities.

Identifying keywords
word-driven testing requires the identification‘and definition of keywords.

re are several approaches which can be used-to identify keywords, which include the following.

Exploratory testing
During exploratory testing, the tester observes which steps are performed. Some steps are related

this collection of steps.

If the sequence of steps(can be used with different data, the keyword takes parameters accordin
that data.

To document that keyword, the name, the steps, a description, and when applicable, the parameters

the keyworgdiis.used.

Business experts
Keyweords can also be defined by interviewing business experts. A test analyst asks questions of]

5 is especially true if keyword-driven testing is already established( and, while defining new test cafses,

hble

and

are always (or often) performedtogether. A new keyword is defined by assigning a meaningful naml to

D

are

noted. Once a keyword is defined, when creating new test cases, instead of using the steps, the name of

the

busintess expert. These questions can be "what should the application do?", "how can I verify prdper
Behaviour?" or "what needs to be tested?". The answers provided by the business experts are naturflly

formulated in a business or domain related Tanguage. A test analyst can now identify keywords by

finding core terms which probably occur frequently.

It is possible that there are different terms (used by different business experts) referring to the same set

of activities; a test analyst needs to be aware of that and try to identify duplicates.

Starting from the names of the keywords which have been agreed with the business experts, the test
analyst must work out which steps are involved with that keyword. The documentation is performed as

in a) above.
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Test interface

Keywords can also be defined starting from an analysis of the test interface. As the number of interface
elements is limited and usually small, a limited number of keywords can be defined addressing these
interface elements. And contrary to a) and b) above, which define high-level keywords at the domain

layer, this approach defines low-level keywords on a test interface layer.

This approach can be rewarding if there is a focus on test automation, as the final limited set of keywords

can be complemented with keyword execution code. If a keyword-driven test framework is availa

ble,

specified test cases can be available as automated tests almost immediately. The documentation is

performed as in a) above.

d)

It c{

Wit
ast
the

—

C.3
Ong

Test

per
in a

While writing down the actions for the test.cases, instead of describing the necessary activities in natj

lan

If s¢

be jpined into one parameterized keyword test case along with different sets of test data.

Documented test procedures and test cases

Available test procedures and test cases can also be a valuable source of keywords. The actions’in
test cases are examined. As a first step, each action can be treated as a new keyword. If two of mor]
these keywords turn out to refer to the same activities, they are replaced by only one keyword, whig
named to describe the activities.

If some of the keywords only occur in a certain sequence with others, they can be replaced either by

in be sufficient to use only one of these approaches, but usually several are used.

h all approaches, it can happen that the created pool of keywords is notsufficient to describe test caj
here can be activities that were not recognized as requiring a keyword,)These "gaps" are filled by defiy
missing keywords as test creation progresses.

Composing test cases
e a basic set of keywords has been defined, these keywords can be used to describe test cases.

cases are identified using test techniques as@efined in ISO/IEC/IEEE 29119-4, and derived,
Forming the tasks listed for deriving test cases in'{SO/IEC/IEEE 29119-2. These test cases are docume|
ccordance with [SO/IEC/IEEE 29119-3.

buage, the predefined keywords are used.

veral test cases share the same sequence of actions or keywords, but their test data is different, they

higher-level keyword, or by a hierarchical keyword. The documentation is performed as for a) abovg.
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Annex D
(informative)

Roles and tasks

D.1 Overview

A framework for keyword-driven testing defines various tasks which require different skills, sack’as
autpmation skills for working with the test interface layer, and business knowledge when working at

do
per
test

NO1
pro
driy

A single person can be assigned one, several or even all of these roles; butfor best efficiency, and to ref|

the
esp

NO

D.?

The
of h

teclhnical aspects. A person assuming this roleddeally should have basic knowledge of test techniques

pro

Tas

The

D.3
The

ain layer. Such skills are typically held by different people, which means that the varjéus task car
formed by different people in specific roles. This clause describes different roles in kKeyword-dri
ing.

E1 Additional roles to the ones listed in D.2 to D.4 can be involved in keyword-drivén testing or in the

fess in general. In this annex, only those roles which are specific for the division of Jabour supported by keyw
en testing are discussed.

different capabilities of team members, it can be advisable to assign\the roles to different people. Th

ecially helpful in cases where a single person with all the required-skills is not available.

E2 Theroleslisted in D.2 to D.4 can be named differently in ptactice and the roles’ activities can vary.

Domain expert

domain expertis often the actual or future user ofthe testitem. A domain expert has in-depth knowle
ow the test item should behave. This knowledge can be focussed on business cases but can also ref|

Cesses.
ks for the domain expert can include.the following:

providing parts of the test basis by defining use cases, business cases, or paths through the applica
which need to be considered;

identifying business keywords.

domain expert.closely cooperates with the test designer to perform the last two tasks.

Test designer

test'\designer analyses use cases, requirements documents, and specifications. From these, the

designing test cases and ‘contributing to the test design specification by providing domain knowledge;

fest
the
1 be
ven

test
brd-

lect
sis

dge
lect
and

fion

fest

des

gner derives test cases and subsequently the useful business level keywords.

The test designer should be in close dialogue with a subject matter expert in addition to analysing
requirements or other product information (operation concepts, user guides, etc.) in order to derive useful

bus

iness-level keywords.

Tasks for the test designer can include the following:

defining keywords and their parameters;

specifying keywords composition and application in test cases;
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— creating test cases based on the test basis;
— reworking any drafttest cases from domain expertsto create test cases and test procedure specifications.

The test designer closely cooperates with the domain expert to make sure that keywords reflect the domain's
language and the test cases are appropriate.

The test designer closely cooperates with the test automation expert to make sure that the parameters of
the keywords are consistent and that the keyword execution code correctly reflects the keywords.

D.4 Test automation expert
Thip role is only needed if test execution is to be automated.

The test automation expert must have experience in programming and knowledge about testto6ols. The fest
autpmation expert must understand the scripting languages used in the framework which supports|the
autpmated test execution. Furthermore, experience as a tester is beneficial and simplifies communication
with the testers.

Tasks for the test automation expert can include the following:
— |implementing the low-level keywords as executables and test their funetienality;

— |building the framework by selecting and combining appropriate.tools on a technical level, including
adopting or implementing libraries;

— |together with the test designer, deciding how to combine low-level keywords with higher-level keywqrds
and provides the technical means to support this from th€ automation side;

— |maintaining test implementation scripts.

The test automation expert closely cooperates with th€itest designer.
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Annex E
(informative)

Basic keywords

E.l Overview
Thip annex provides a basic list of keywords as an example. These keywords can be applied ona*‘GUI fs a
tesyl interface. The set of keywords is supposed to be generic and usable for most application$-on this fest
intdrface. In practice, a test item can require more or different keywords than provided herglTherefore fhis
set pf keywords is extendable.
Thif set of keywords can be useful as an example for other test interfaces and is offered’as a quick star{ for
usimg keyword-driven testing.
E.2Z Basic keywords for a GUI
In Table E.1, basic keywords are listed for testing a GUI. A GUI typically-has dialogs that are distinguished by
unifue titles. Within a dialog there are various GUI-objects. The dialog-and its GUI-objects are identified by
an identifier (id).
Table E.1 — Example of generic basic keywords

Keyword Description
clearContext (id) Removes the'¢ontext from a component.

Parameters:

id (IN): id of the component
click (id) Simple click with left mouse button on a given component.

Parameters:

id (IN): id of the target component
clidkWithOptions (id, MOUSE_BUFETON, Extended click with additional options on a given component.
timles, MODIFIER, x, y)

Parameters:

id (IN): id of the target component

MOUSE_BUTTON (IN): one of the values which are defined in parame-

ter MOUSE_BUTTON

times (IN) OPTIONAL: how many times to click

MODIFIER (IN) OPTIONAL: one of the values which are defined in
parameter MODIFIER

x (IN) OPTIONAL: x-coordinate relative in component

y (IN) OPTIONAL: y-coordinate relative in component

n 1.1 1.l adelal o Lo 1 dede H .
DUUUTCUITIUR WILITTCTUTITUUS T U UL VI UIN A g TVEIT CUTITPDUTITTIT,

Parameters:
id (IN): id of the target component
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Table E.1 (continued)

Keyword

Description

drag (id, item, MOUSE_BUTTON, KEY)

Drag.

The parameter item is provided for selecting the drag source from a
tree or list.
Other components are normally not dragable.

Parameters:

id (IN): id of the target component

item (IN) OPTIONAL: in case of a tree or list the id of the treelNode d
the listltem

MOUSE_BUTTON (IN): one of the values which are defined-in'paran
ter MOUSE_BUTTON

KEY (IN): one of the values which are defined in parameter KEY

ne-

drg

p (id, item)

Drop.

Parameters:

id (IN): id of the target component

item (IN) OPTIONAL: in case of a tree onjlist the id of the treeNode d
the listltem

get

Caption (id, varCaptionValue)

Writes the caption of target component (id) into varCaptionValue.

Parameters:
id (IN): id of the target €emponent
varCaptionValue (INJ: variable with caption of component

getProperty (id, PROPERTY_NAME, var- Writes the value of the given property (PROPERTY_NAME) of the taf-
PrdpertyValue) get componenti(id) into varPropertyValue.
HINT: In case of no hit the interaction fails, and the parameter gets the
value UNDEFINED.
Parameters:
id (IN): id of the target component
PROPERTY_NAME (IN): one of the properties which are defined in
parameter PROPERTY_NAME
varPropertyValue (IN): variable with value of property
get[lext (id, varText) Writes the text of the target component (id) into varText.
Parameters:
id (IN): id of the target component
varText (IN): variable with text of component
moyeMouse (target-id, target_item) Move the mouse to the component with id target_id.
Parameters:
target_id (IN): id of the target component
target_item (IN) OPTIONAL: in case of a tree or list the optional id ¢f

thatraaNaode ortha lictltam
the-tHeerroae-othReHsttemn

openContextMenu (id)

Opens the context menu of the given component.

Parameters:
id (IN): id of the component
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Table E.1 (continued)

Keyword

Description

pre

ssKey (id, MODIFIER, KEY)

Presses a key or key combination (with modifier).

Please note: this interaction is intended for testing keyboard com-
mands and shortcuts. For entering text into a text area or text field,
please use the "setText" interaction instead.

Parameters:

id (IN): id of the target component or the value "UNUSED" in which
case the key press happens on the currently focussed component
MODIFIER (IN) OPTIONAL: a combination of one or more modifier
keys (such as "shift" or "alt")

KEY (IN): the key to be pressed

set

Context (id)

Sets the context 'passively’ for the given component/(programming
construct).

IMPORTANT: This is in contrast to setWindowActive which brings a
window / dialog 'actively' to the foreground.

Parameters:
id (IN): id of the component

set

Focus (id)

Sets the focus on the given component.

IMPORTANT: For cells, treé)items, list items and menu items itisn't
possible to set the focu$«The focus can only be set for tables, trees, ljsts
and menus, respectively.

Parameters:
id (IN): id of the component

set

[ext (id, text)

Sets or clear's text in the given component.

Parameters:
id_(IN): id of the component

text (IN): the text

ver]
MA|

fyCaption (id, OPTION_PATTERN_
TCHING, expectedCaptionValue)

Verifies the expected caption (expectedCaptionValue) of the target
component (id) regarding search algorithm (OPTION_PATTERN_
MATCHING).

Parameters:

id (IN): id of the target component
OPTION_PATTERN_MATCHING (IN): specifies the format of search
algorithm

expectedCaptionValue (IN): expected caption

ver]
OP]
Pro

fyProperty, (id, PROPERT_NAME,
[TON_PATTERN_MATCHING, expected-
pertyValue)

19%

Verifies the expected property value (expectedPropertyValue) of th
target component (id) regarding search algorithm (OPTION_PAT-
TERN_MATCHING).

Parameters:

id (IN): id of the target component

PROPERTY_NAME (IN): one of the properties which are defined in
parameter PROPERTY_NAME

OPTION_PATTERN_MATCHING (IN): specifies the format of search
algorithm

expectedPropertyValue (IN): variable with value of property
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Table E.1 (continued)

Keyword Description

verifyText (id, OPTION_PATTERN_MATCH- |Verifies the expected text (expectedText) of the target component (id)

ING, expectedCaptionText) regarding search algorithm (OPTION_PATTERN_MATCHING).
Parameters:

id (IN): id of the target component

OPTION_PATTERN_MATCHING (IN): specifies the format of search
algorithm

expectedCaptionText (IN): expected caption

waltForExist (id, maxTimeToWait) Waits until a component exists.

Parameters:
id (IN): id of the target component
maxTimeToWait (IN): waiting period in milliseconds

waltForNotExist (id, maxTimeToWait) Waits until a component does not exist.

Parameters:
id (IN): id of the target component
maxTimeToWait (IN): waiting perigd in milliseconds

There are further GUI objects that require specific, specialized, or extensible keywords.

Examples can be found in Table E.2.

Table E.2 — Example of specialized basic keywords

Keyword

Description

sel¢ctMenultem(id, OPTION_NUMBER_OR_
NAME, menultem)

Selects a@menu item (depends on value of OPTION_NUMBER_OR|
NAMEJ.

Parameters:

id (IN): id of the target menu
OPTION_NUMBER_OR_NAME (IN): defines whether the follow|ng
parameter is defined by its name or number

menultem (IN): name or number of menu item dependent on vallue
of OPTION_NUMBER_OR_NAME

sel¢ctListltem (id, MODIFIER, OPTION_NUM-
BER_OR_NAME, listltem)

Selects one list item. MODIFIER allows to define a multiselect in
teraction by repeating this interaction. The list items can be givgn
by name or number (dependent on the value of OPTION_NUMBER
OR_NAME).
Alist can be a list view, a combobox, a dropdown list, radio buttpn
or tabcard.

Parameters:

id (IN): id of the target list
MODIFIER (IN) OPTIONAL: one of the values which are defined[in
parameter MODIFIER
OPTION _NIIMBER_OR _NAME (IN): defines whether the following

parameter is defined by its name or number
listItem (IN): name or number of list item dependent on value of
OPTION_NUMBER_OR_NAME

startApplication (currentClientID, propertyFile)

Starts the application, using a property file for application settings.
The property file is expected to be in the directory properties.

Parameters:
currentClientID (IN): id of the application

propertyFile (IN): filename of the property file
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E.3 Example application of basic keywords

The example in Table E.3 shows a keyword test case structured in three layers: low-level keywords are used
at the test interface layer, an intermediate layer combines the low-level keywords to an application-related
vocabulary, and business keywords use these keywords from the intermediate layer at the domain layer.

Each keyword is written in a function-like style, i.e. it consists of a unique name followed by none, one or
more parameters placed in brackets. The parameters used at the domain layer are passed through the
intermediate layer to the test interface layer.

Thiptestof acar STonfiguration progrant adiresses tIe USE CASE {07 COM IgUTINE a Car WItiT SOTIE acCessories.
As 4 final action, the calculated price will be verified.

In this example, a test case would be written using only domain layer keywords. The other layers|are
proyided for a better understanding.

Table E.3 — Example test case using basic simple keywords as part of composite keywords
domain layer intermediate layer test interface layer
startCarConfigurator
(“Iqgin”, “password”, “english”)  |startCarConfiguratorCmdLine()

startApplication (“carConfigurp-
tor”, “E:\CarConfigurator.ini”)
login (“login”, “password”) setText (“userField”, “login”)
setText (“pwdField”, “password”)
click (“loginBtn”)
setLanguage (“english”)
selectMenultem (“mainMenu”,
NAME, “Language”)
selectMenultem (“menuLan-
guage”, NAME, “english”)
selgctVehicle
(“Rplo”, “red”) selectTabcard (“Cars”)
setContext (“carConfig”)
selectListltem (“tabbedPane”,
UNUSED, NAME, “Vehicles”)
selectVehicleByNameAndColour (“Rolo”, “red”)
selectListltem (“vehicleList”, UN-

USED, NAME, “Rolo”)

selectListltem (“colourList”, UN
USED, NAME, “red”)

|
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Table E.3 (continued)

domain layer

intermediate layer

test interface layer

selectAccessories

(“[Steering wheel, brown, leath-
er]”,

“[Mats, black, textile]”)

selectTabcard (“Accessories”)

setContext (“carConfig”)

selectListltem (“tabbedPane”,

UNUSED, NAME, “Accessories”)

selectAccessoriesByNameColourMaterial

selectListltem (“acces-

(“Steering wheel”, “brown”, “leather”)

soryNamelList”, UNUSED, NAM
“Steering wheel”)

selectListltem (“accessoryColo
List”, UNUSED, NAME;“brown’

Lir-

selectListltem (“accessoryMatsg

ri-

alList”, UNUSED;NAME, “leath¢r”

click (“add AccessoryBtn”)

selectAccessoriesByNameColourMaterial
(“Mats”, “black”, “textile”)

selectlistitem (“acces-
soryNameList”, UNUSED, NAM
“Mats”)

H)

selectListltem (“accessoryColo
List”, UNUSED, NAME, “black”)

=

r-

selectListltem (“accessoryMatsg
alList”, UNUSED, NAME, “textil

ri-

:u)

click (“addAccessoryBtn”)

ver
(MZ

fyVehiclePrice
).000", u$n)

verifyCalculatedPrice(£20.000”, “$”)

verifyProperties (“calculated-
Price”, “InnerText”, “=", “20.000,

verifyProperties (“priceCurren
Cyll’ “InnerTeXt”’ u:u, ll$")

clogeCarConfigurator ()

closeApplication (“CarConfigurator”)

selectMenultem (“mainMenu”,
NAME, “File”)

selectMenultem (“fileMenu”,
NAME, “Exit”)
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