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Abstract: Competition for funding between organizations attradtsrdion to their Key Performance Indicators (KPIs).
KPIs are usually designed with a top-down approach as famdi measures for a group of business units
and often do not take into account the difference in goals larginess processes of organizations at the
strategic, tactical and operational level. This resultaiimeliable, inefficient and sometimes inconsistent
KPIs. Validation of KPI properties is typically postponedtilithe KPI is implemented, and databases are
populated with values. The reason is the absence of intuithd simple methods for KPI modelling that
relate the strategic and tactical models and executablatmeal models. We propose such a method for KPI
modelling and validation of their properties. Our methodhbines ideas of goal, conceptual and executable
process modelling. Models at all levels are derived from &@&finitions. The conceptual modelling techniques
are used to relate the strategic and tactical models. Trehsymous semantics of protocol modelling is used to
relate the tactical and the operational models. The exbleutgerational and tactical models enable derivation
the KPI values, testing KPIs against the desired propeatiesidentification of ambiguities in KPI definitions
that need to be resolved to improve KPlIs.

1 INTRODUCTION to truly represent performance but instead highlight
problems of performance measurement. Therefore,
there is a need for a method of KPI modelling that can

lished measures of business performance (Parmenteraqequat.ely support the KPI definitions and localise
2010). They are designed almost for any domain of misleading KPls.

our life and there are KPI standards for many sec-  Validation of KPI properties (listed, for example,
tors, including industry, medicine, education, and ser- in (Peter Kueng, 2000)) is typically postponed un-
vices (KPIStandard, 2013; Garengo et al., 2005). til the KPI is implemented, and databases are popu-

Usually the KPIs are defined by strategic and gov- !a}ted with yalues. The reason is the absgnce of intu-
ermental bodies for a group of organizations in a iive and simple methods for KPI modelling that re-
branch in order to make the organizations compara- late thg strategic and tactl_cal modelg, and executable
ble. There is already an announcement of the LaunchOPerational models. Leaving validation of KPIs for
of a Committee on Standards and KPIs for Brand & the implementation phase can result in ineffective
Audience Campaigns in Europe (IAB Europe, 2013). KPIs (Berler etal., 2005).

The methods of KPI design (Neely et al., 2000; Therefore, there is a need for a method for vali-
Strecker et al., 2012; Frank et al., 2009; Popova dation of the underlying business process used for the
and Sharpanskykh, 2010) include identification of the KPI definition and the KPI properties.
most critical processes in the organizations of the In this paper, we propose a method that addresses
branch. Such generalization often leads to definitions both needs: (1) it identifies the aspects of the busi-
that use professional jargon, undefined notions andness process relevant for a modelled family of KPlIs
forgotten elements of the business processes. Theran the KPI definitions; (2) it enables validation of
is a risk of KPIs being interpreted differently in dif- the KPI properties on the abstract business process.
ferent organizations. These useful features of our method are influenced

(Berler et al., 2005) note that KPIs often fail by the carefully chosen combination of the ideas

Key Performance Indicators (KPIs) are well estab-
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from goal (Dardenne et al., 1993), conceptual (OMG,

2003) and protocol modelling (McNeile and Simons,

2006). We explain the ideas of those methods and
show the advantages of the chosen combination for
KPI modelling.

Design of KPIs is closely related to non-functional
requirements engineering as KPIs can be used to
judge the operation of organizations (Golfarelli,
2009). It is well known that the requirements en-
gineering methods for non-functional requirements
are far from being developed (Golfarelli, 2009).
Our method contributes to methodological support of
requirements engineering of non-functional require-
ments.

Layout of the paper: Section 2 presents desired
properties of KPIs defined in literature. We explore
what those properties mean for KPlI modelling and
formulate the requirements for a method for mod-
elling of KPIs and validation of their properties. Sec-
tion 3 describes our method of modelling and dis-
cusses validation of KPIs. The method is illustrated
with analysis of two families of KPIs proposed for
the programme (Improving Access to Psychological

Modelling and Validation of KPIs

of the indicator via a linear relationship. As non-
linear, e.g. power and exponentially related KPIs
exist, we change this requirement to 'the value of
a KPI must be able to be shown by a consistent
mathematical relationship in its simplest form’.
This implies that linear relationships are the best
as they are more easily tested, but that other nu-
merical relationships can be used provided the re-
lationship can be defined clearly.

4. A KPI should be ReliableReliability means that
the algorithms for KPI calculation should be free
from semantic errors and correctly calculate per-
formance both in routine circumstances, as well
as in unexpected circumstances. The validation
of this property demands a model of the seman-
tic concepts of the professional terminology and
a model of the relevant aspects of the underlying
business process.

5. A KPI should be Efficient.
(a) The indicators should be intuitive, unambigu-
ous and easy to understand in order to avoid
wasted effort or errors in their use and application.

Therapies, 2013). Section 4 presents some related  This efficiency can be achieved by demonstrating

work and concludes the paper.

2 DESIRED PROPERTIES OF
KPIs AND REQUIREMENTS
FOR A METHOD FOR
MODELLING OF KPIs AND
VALIDATION OF THEIR
PROPERTIES

Kechenham and Winchell (Peter Kueng, 2000) de-
fined six desired properties separating KPIs from

other measures. These properties may be seen as

requirements for KPI engineering. We now explore
what those properties mean for KPI modelling:

1. KPIs should be in a Quantifiable FornQuantifi-
cation means deriving a number or a conclusion
from a set of instances of selected concepts in the
models. Any KPI can be presented as a quan-
tification predicate of first-order logic (Andrews,
2002).

2. A KPI needs to be Sensitive to Changay vari-
ation in the KPI measure in the model should vary
with changes of predefined factors of the process
inputs and/or with changes of the states of in-
stances of selected concepts in the models.

3. AKPI should be Lineatinearity of a KPI means
that performance changes in line with the value

the semantics of the KPI definition on a model to
the users.

(b) A KPI must be cost-effective to produce. This

implies that a KPI should be created in the sim-
plest way from any constituent metrics or indica-

tors and that their production should use the sim-
plest possible calculations. The number of ele-
ments (e.g. numerical inputs, states from different
processes) comprising the KPI family is a mea-
sure of efficiency. If this number can be reduced,
then the KPI family is not efficient and can be im-

proved further.

6. A KPI should be Oriented to Improvement, not
to Conformance to PlansThere is a danger that
KPIs can be used to manipulate numbers instead
of showing the improvement. The improvement
oriented KPIs imply changes necessary to ensure
competitive business performance. This property
relates the KPI definitions both to strategic and
tactical goals and to the underlying business pro-
cess.

Analysis of the set of desired properties of KPIs
shows that they cannot be validated without abstract
models of the relevant aspects of the underlying busi-
ness process and the goals of the assessed organiza-
tions. The input information for modelling the under-
lying business process and the goals of the assessed
organizations should be derived from the definitions
of the KPIs and their intended use. The validation
of properties needs execution of the abstract business
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model.

The method for KPI modelling and validation
should:

(1) enable understanding the KPIs and their rela-
tionships;

(2) provide intuitive models of KPIs :
(a) at the level of numerical modelling in order to test
desired properties 1,2,3;
(b) at the level of goal and conceptual modelling in
order to test desired properties 4,5,6.

3 METHOD FOR MODELLING
OF KPIs

The inputof our method is a document that defines
KPIs for a branch of organizations. The KPIs are al-

ing quarter.

KPI3b: The number of active referrals who have
waited more than 28 days from referral to first treat-
ment/first therapeutic session (at the end of the report-
ing quarter).

KPI14: The number of people who have entered psy-
chological treatment, (i.e. had their first therapeutic
session) during the reported quarter is related to the
concept person.

HI1: Access Rate. It indicates the rate of people
entering treatment from those who need treatment
HI1=KPI4/KPI1.

KPI5: The number of people completed treatment.
KPI16: The number of people moving to recovery.
This number sums up those who completed treatment,
who at initial assessment achieve "caseness” and at
the final session did not.

KPl6a: No longer collected.

ready designed, and the relevant elements of the busi«p|p: The number of people who have completed
ness process are described in the definition of KPIS raatment but were not at "caseness” at initial assess-

using the professional terminology.
The goalof our method is validating the assump-

ment.
HI2: Recovery Rate. It is calculated using the for-

tions about the relevant aspects of the underlying busi- yylaH12 = KPI16/(KPI5— KPI6b).

ness process and assessing the KPI properties.
3.1 Case Study

We illustrate our method with a case study of the KPIs

The indicators in this case study do not measure
the duration of operations or localized metrics of the
detailed operational process steps and so cannot be
classified as operational.

The set of indicators identifies two relevant im-

officially used in the programme IAPT (Improving provement aspects of the business processes of the
Access to Psychological Therapies, 2013). The goals 3ssessed organizations, namely an aspect of access to

of this medical programme are the monitoring of the the treatment and the aspect of assessment of patients
coverage by therapies and effectiveness of therapiesynd their treatment.

for depression or anxiety disorders. It is expected that

3.2 million people will access IAPT; 2.6 million pa-
tients will complete a course of treatment and up to
1.3 million (50% of those treated) will move to mea-

surable recovery. For common mental health condi-

tions treated in IAPT services, it is expected that a
minimum of 15% of those in need would willingly
enter treatment if available.” The indicators need to

measure a quarter on quarter improvement. The IAPT

program defines KPIs and High level indicators (HIs).

Hls are strategic indicators used to support change de

cisions, while KPIs are at the tactical level of manage-
ment and control performance.

The program defines a family of the following in-
dicators:
KPI1: Level of Need. It presents the number of peo-

3.2 Method Steps

Our method of KPI modelling contains the following
steps:

1. Relating KPlIs to goals of processes.

2. Conceptual modelling of the KPIs and the relevant
underlying processes.

3. Relating the KPIs to the business concepts.

4. Protocol modelling of the business concepts.

5. Deriving the KPIs from the protocol models.
6. Validating the KPI properties by using the exe-
cutable protocol model, goal and conceptual models.

1. Relating KPIs to Goals of Processes.In this

ple who have depression and/or anxiety disorders in step we use ideas of the well-established group of
the general adult population. The number presenting Goal-Oriented approaches to Requirements Engineer-
population is produced as a result of the Psychiatric ing (GORE) (Dardenne et al., 1993; Regev and Weg-

Morbidity Survey.

KPI2: No longer collected.

KPI3a: The number of people who have been re-
ferred for psychological therapies during the report-
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ments and concerns and propose to combine them in aeach goal of the measurement process. A dashboard
tree structure. Goals are refined by requirements andin the business intelligence domain presents a collec-
concerns. tion of measures of different levels supporting a par-
Figure 1 shows three processes relevant for mod-ticular request. The concepashboardallows us to
elling of the IAPT KPIs: (1)Survey of the Needs of collect the KPIs as attributes of the dashboard con-
Population (2) Psychological Therapyand (3)Pro- cept.
gram of Improving Access to Psychological Therapies ~ Using this choice thd’rogram of IAPTprocess
(IAPT). Each of processes has its own goals. is modeled with two concep#sccess Dashboardnd
The goals of the Psychological Therapy até: Recovery Dashboard\ccess Dashboarcbrresponds
Referred Person has access to psychological thera-to the goal’Measure access to psychological thera-
pies” and”A Referred Person after treatment has im- pies”. All the tactical and strategic measures needed
proved conditions? These goals are combined with for access measuremeHiPI1, KPI3a, KPI3b KPI4
the AND operator. Th&urvey of the Needs of Popu- and HI1, are modeled as attributes of tifecess
lation has the goalEstimate the size of the Popula- Dashboard Recovery Dashboardith its attributes
tion of People needed psychological treatment” corresponds to the godMeasure effectiveness of
TheProgram of IAPThas the goaldMeasure ac- treatment”.
cess to psychological therapiesind "Measure ef-
fectiveness of treatment'The goals of thé>rogram 3. Relating the KPIs to the Business Concepts.
of IAPT are related to the goals of thiesychologi-  The attributes of the dashboard concepts designed for
cal Therapy We indicate these relations in Figure 1 modeling of KPIs need to be derived from the con-
as"Monitor Access” and"Monitor Effectiveness of  cepts of the relevant business processes. From the
treatment”. KPI definition, we extracted two relevant business
A distinctive feature of our approach is deriving processes and two corresponding business concepts
goals of the KPI measurement and the underlying for calculation of the KPIs of the IAPT prograrSur-
business processes from the document with the KPlyeyandReferred PersonEach of these concepts has
definitions. This approach allows us to identify the as- jts own attributes.
pects of the business process that were used inthe de-  conceptual modelling forces us to think about the
sign of the KPI definitions: Estimate the size of pop- attributes needed and semantics for KPI calculation.
ulation of people needed phycological therapy; Guar- The attributes of concepts are taken from the KPI def-
antee that a refereed person has access to phycologimitions. For example, the definition of KPIs says that
caltherapy; Guarantee the good chance that a refereeghe monitoring takes place quarterly. This implies that
person after the treatment has improved conditions. the concepts of the underlying process need the at-
tributes representing the date of their appearance. The
2. Conceptual Modelling of the KPIs. Asinother ~ SUrveygets its attributeDateOfSurveyand Reffered
GORE approaches the goals of each process are rePersongets its attribut®ateOfReferring
fined to concepts. The conceptual modelling is awide e use also a generic attribuzateand identify
variety of methods. The comparison studies conclude IS Possible values from the KPI definitions. For ex-
that "abstracting from their graphical form, the core @mple, the names of the states of the life cycle of the
expressivity of all conceptual models proposed in lit- Referred PersanReferred Waited 28 daysEntered
erature is similar” (Golfarelli, 2009). So, we choose {reatmen@andCompleted treatment
the class diagram as the most used and standardized
in UML. In this step, our method has similarity with 4. Protocol Modelling of the Business Concepts.
the KAOS method (Dardenne et al., 1993). Until this point, our method just extended the domain
Figure 1 shows that for modelling of each process, of application of GORE methods (such as KAOS) to
we extract corresponding concepts with attributes. modelling of KPls.
The concepts are often the subjects of the process or  From this point, our method becomes semanti-
the result of the process. The conc®gferred Per-  cally different from other GORE methods. We intro-

soncorresponds to thesychological TherapyA Re- duce an intermediate step, namely modelling all the

ferred persons the subject oPsychological Therapy  concepts as protocol machines.

mentioned in the goals. The GORE models use activity diagrams or UML
The conceptSurveyis the result of the process state machines for modelling of concepts. Activity di-

Survey of the Needs of Population agrams and UML state machines have asynchronous

In the search of generic concepts for modeling of semantics (McNeile and Roubtsova, 2010). The in-
KPIs we decided to use the concdpashboardfor teraction of concepts is initialized by sending a mes-
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Program of Improving Access to Survey of the Needs

Psychological Therapy

Psychological Therapies of Population
7y
AND AND ‘
Goal Goal Goal
A Referred Person has <<Monitor access> Measure access to ‘ . .
. e — s — = ] R Estimate the size of the
access to psychological psychological -
th . th X Population r of people
erapies erapies needed psychological
<<Monitor| effectiveness of treatment ‘ therapy
Goal
Goal
A Referred Person after oa .
. — + =— |- = Measure effectiveness of
treatment has improved ‘
. treatment
conditions
| |
Concept Concept Concept
Referred Person Recovery Dashboard Survey
Attrlbutesl Attributes .
Name: String KPI5: Number of people completed ‘ Attributes
Date of Referring: Date Derjve>: treat.ment peop P Date of Survey: Date
Caseness Before Treatment: . Population of people
—[*=—1| KPI6: Number of people moving to . .
Boolean with disorder: Integer
Caseness After Treatment: recovery ‘
Boolean : KPI6b: Number of people not at
bef treat! t
State: {Referred, Waited 28 days, casglisss oetore treatmen
HI2:RecoveryRate
Entered treatment, Completed
treatment} ‘

| Access Dashboard ‘

I Attributes

KPI1:Number of people with disorder
| || identified by the annual survey <<Derive>>

''''''' KP14:Number of people with disorder who in 4 —— —I

the entered treatment

HI1: Access Rate

I
! I
- Concept !
I
I

Figure 1: Goals and Concepts.

sage or by calling a method. These models suit for of the model. All states can be justified by the system

modelling of system implementation. Asynchronous goals and subgoals. Modelling and reasoning can be
interactions create many intermediate states that arefocused on the business semantics.

not justified by the goals of the system (Gossler and - Secondly, we need to model KPIs that count

Sifakis, 2003). Analysis of intermediate states may entities in a specified state. The semantics of derived
be relevant for validation of asynchronous implemen- states is needed for KPI modelling as KPIs must

tation, but the KPIs are situated at the tactical and reflect the state of business processes from which
strategic level, at the level of visible states of the sys- the measurements are obtained to drive the KPIs.

tem. Activity diagrams and UML state machines do not
We have chosen the protocol machines for the have semantics allowing one concept to derive its
following reasons: states from the state of other concepts (OMG, 2003).

- Firstly, we want to minimize complexity of semantic - Thirdly, we should be able to model crosscutting
modelling of business concepts. Protocol modelling sub-processes as KPIs may collect information from
uses a data-extended synchronous CSP-parallel comdifferent elements of the system. Crosscutting sub-
position (McNeile and Simons, 2006).CSP stands processes are repeated parts of a business process that
for Communicating Sequential Processes. The initial cannot be decomposed using hierarchy or sequential
form of this composition operator was proposed decomposition. Activity diagrams and UML state

in (Hoare, 1985). The initial operator was extended machines cannot easily specify the crosscutting
for machines with data by (McNeile and Simons, sub-processes as the composition techniques of
2006). Because of the synchronous composition of the diagrams are restricted with sequential and
its parts a protocol model presents only quiescent hierarchical composition (Gossler and Sifakis, 2003).
states of the system. This allows us to model only Separating crosscutting sub-processes can be used
visible state and essentially decrease the state spacéor efficient modelling of KPIs. Combining different
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measures at different abstraction level presented withsion and(or) anxiety disorders and with its attribute
crosscutting parts simplifies the KPI models. Proto- Dat ef Sur vey the value of the attribute of the proto-
col modelling supports the CSP parallel composition col machineSur vey.
of crosscutting sub-processes in the business process By accepting or refusing this event the protocol
that simplifies the KPI modelling. model communicates with the environment. This
communication is simulated in Modelscope tool sup-
A protocol machine is an object life-cycle model. porting Protocol Modelling (McNeile and Simons,
Itis presented as a state transition structure with a data2005).
storage that defines the ability of a system to interact A protocol machine may also describe a part of the
with its environment by accepting or refusing events |ife cycle of an object. The metacode is started with
from the environment. A protocol machine can be the key wordBEHAVIOURFor examp|e’ the Concept
seen as an object that exists even without its CreationRefereed Persois presented as the protoco| machine
in its initial state. An object goes into its active state Referred Person. This protocol machine includes

accepting a creating event. All protocol machines are pehaviour Treat ment.  Both protocol machines
composed with the data-extended synchronous CSPRef erred Person andTr eat nent are synchronized

parallel composition. with an evengnt er Tr eat nent AndAssess. The sep-
aration of the concefitr eat nent simplifies the quan-
The Protocol Model of the Program for IAPT. tification on the states of thieef erred Per son used

Protocol machines used for modelling of KPIs are for KPI definition.
g_raph|cally shown in Figure 2. Each concept from CBIECT Ref er r edPer son
F!gure 1 hfis the corresponding protocol r_nac_hlne at Ve Per sontane
Figure 2 with the same name. The boxes in Figure 2 | \aLues Tr eat ment
represent protocol machines, where the attributes of arTr BUTES PersonNare: String,
concepts are shown in bubbles. The graphical pre- Dat eCf Ref erring: Date,
sentation does not provide all the elements of the STATES referred, 28DaysWited, |eft,
model. The complete protocol model of the pro- enteredireatmentAndinitiallyAssessed,
gram for IAPT is presented with its metacode and e | B e ssg
. . P TRANSI TI ONS @ew* Ref er =referred,
small java functions and can be found in (Roubtsova, Ner R , I
2013). For instance, the metacode of an instance of ' ef t *Ret ur n=ref er r ed,
theSurvey conceptis a protocol machitsar vey. ref er r ed* Wai t =28DaysWi t ed,
28Days\Wai t ed*Leave=l eft,
28DaysWi t ed* Ent er Tr eat ment AndAssess=
28DaysWai t ed

OBJECT Survey
NAME Sur veyName
ATTRI BUTES SurveyNane: String,
Popul ati on: I nt eger,
Dat eCf Survey: Dat e
STATES creat ed
TRANSI TI ONS @ew* Cr eat eSur vey=cr eat ed

BEHAVI OUR Tr eat nent
ATTRI BUTES CasenessBef or e: Bool ean,
CasenessAft er: Bool ean
STATES ent eredTr eat nent Andl ni ti al | yAssessed,
conpl et edTr eat ment AndAssessed, | ef t
TRANSI TI ONS
@ewt Ent er Tr eat ment AndAssess
=ent er edTreat ment Andl ni ti al | yAssessed,
enteredTreat ment Andl ni tial | yAssessed* Leave=| eft,
ent eredTreat ment Andl ni ti al | yAssessed*

EVENT Creat eSurvey
ATTRI BUTES Suvey: Survey,
SurveyNane: Stri ng,
Popul ati on: I nt eger,
Dat eCf Survey: Dat e

It is assumed that the survey is periodic (the pe- ~ Cml eteTreatnent AndAssess
riod is not given), and we add the tacit attribute to the =corpl et edTr eat ment AndAssessed
Survey: Dat eCf Survey: Dat e. Only theSurvey in- EVENT Ref er
stance closest to the date of KPI monitoring is used srrr gures Referr edPer son: Ref er r edPer son,

for KPIs calculation. Per sonNane: Stri ng,
Each instance of th&urvey is created by ac- Dat eCf Ref erring: Dat e
cepting an evenfreate Survey. Only theSurvey EVENT Decl i ne

in state ‘treated” can provide the values of its ATTRIBUTES  Ref er redPer son: Ref er redPer son
EVENT Return

atfributes of the |__EV§| O Need and POpUI ation ATTRI BUTES Ref erredPer son: Ref err edPer son
for performance indicators. The acceptance of oo\t it

an eventCreate Survey brings with its attribute ATTRI BUTES Ref erredPer son: Ref er r edPer son
Popul ati on the number of people who have depres- EVENT Leave
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ATTRI BUTES  Ref err edPer son: Ref er r edPer son KPI1: Level O Need is calculated using its request
EVENT Ent er Tr eat ment AndAssess function presented below.
ATTRI BUTES Ref erredPer son: Ref er redPer son,
CasenessBef or e: Bool ean public class AccessDashboard extends Behavi our{
EVENT Conpl et eTr eat ment AndAssess [TKPI 1 Level of Need
ATTRI BUTES Ref er r edPer son: Ref er redPer son,
CasenessAf t er : Bool ean public int getLevel Of Need() {

int Level Of Need=0;
Attributes of the protocol machineRef erred

Person and Treatment are shown in bubbles in  // choose the date three years ago
Figure 2.  AttributesCasenessBef or e: Bool ean Calendar cal = Cal endar. get | nstance();
and CasenesAf t er : Bool ean model the procedure ©@!-add(Cal endar. YEAR -100);
of assessment of the patients conditions. Each ™% = cal-getTim();
transition is labelled with an external event. AS ¢ pashg -
events are the structures that carry data, they al-inis. getbate("StartOfReportingQuarter”)
low the model to updatethe attributes in the life cy-
cle of an instance of th&ferred Person. The Instance[] existingSurvey =
value of theDat e(f Ref erri ng is entered with event ~ sel ectinState("Survey”, " @ny");
Refer. CasenessBefore is inserted with event for
Ent er Tr eat ment AndAssess. CasenessAfter isen- (int i =0 i < existingSurvey.length: i+4) {
tered with even€onpl et eTr eat ment AndAssess. Date SD=

exi stingSurvey[i].getDate("DateCf Survey");

.. if
5. Deriving the KPIs from the Protocol Models of '(SD_ compar eTo(dd) >0 & SD. compar eTo( Dashd) <0)
Concepts. Aninstance of a dashboard protocol ma- | evel of Need=

chine models a KPI report request. The metacode Of exi stingSurvey[i]. getinteger ("Popul ation");

theAccess Dashboar d is shown below. dd=SD;

OBJECT AccessDashboard iiturn Level Of Need:

NAME Dashboar dName 1

ATTRI BUTES,

Dashboar dNare: Stri ng, AccessDashboar d reads the state of protocol ma-

Start Of ReportingQuarter: Date, chine Survey (but does not change it). It finds
!Level Of Need: I nt eger, the Survey with the closest date and takes the value
* Nunber Ref er redPer sons: | nt eger, of the Popul ation of this Survey and assigns it

! Nunber Ref er r edPer sons\Wi t ed: | nt eger,
I Nunber Of Ent er edTr eat nent : | nt eger,
I AccessRate: Integer,

to own attributeLevel of Need. The search func-
tion selectlnState("Survey", "@ny") selects

STATES creat ed the set of surveys to choose the latest survey from this
TRANSI TI ONS set.
@ew Creat eAccessDashboar ds=cr eat ed Protocol modelling has predefined select func-

tions useful for definition of tactical KPIs:
- selectinState ("BehaviourName”'State"yeturns
an array of instances, all of which include the speci-

The protocol machinesAccessDashbord and
RecoveryDashboard present KPIs monitoring the
access and recovery by selecting and counting the in-€ .
stances of the protocol machines. Derived attributes fied Pehaviour;

of dashboard protocol machines marked by the ex- - SelectByRef("BehaviourName”,AttributeName”)
clamation symbol "!" represent individual KPls. The returns an array of instances, all of which include the

eventCr eat eAccessDashboar d is used to insert the ~ SPECified behaviour (or object) and have the specified
value of the starting date of the reporting quarter into attribute.
the attributeSt art Of ReportingQuarter: Date.

Each dashboard protocol machine reads the state6. Validating the KPI Properties by using the

of protocol machineSur vey andRef erred Person Executable Protocol Model, Goal and Conceptual
and derives the values of own attributes presenting Models. At the moment, when the KPIs are proto-
KPIs. col modeled as valid numeric algorithms they can be

Each derived attribute presenting a KPI has a cor- analyzed and tested. The algorithms for KPIs are pre-
responding derivation function. The functions are sented in java files and implement exceptions, e.g. for
stored in the java files extending behaviour of dash- the division by zero foAccess Rate andRecovery
board protocol machines. For example, the attribute Rat e.
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Access Dashboard

Create Dashboard
(start of reporting
uarter)

created

- ~— K
KPI1 - Latest Survey. Population /

KPI3a - Number of Referred Persons /
DateOfReferring within the reported

Survey

Create Survey
(DateOfSurvey,
Population)

Population =Population
DateOfSyrvey=DateOFSurvey

quarter \
KPI3b - Number Referred Persons in any \

state except “left” DateOfReferring is \

within the reporting quarter.

KPI 4 - Number Of Entered Treatment

(in state entered treatment or completed

treatment ) within the reporting quarter
\HllAccess Rate=KP14/KPI1

Refer

Recovery Dashboard

Create Dashboard
(begin of reporting

. quarter)

Referred Person

(DateOf Reffering)

DateOfReferring
Enter

Treatment
and Assess

28 days
waited

Leave

referred

Decline

[ KPI5=- Number of People Completed \

Treatment (in state completed treatment)
within the reporting quarter

KPI6= Number of People Moving To
Recovery within the reporting quarter:
CasenessAfter=false.

KPI6b= Number of Caseness People
entered treatment within the reporting
quarter: CasenessBefore=false.
HI2_Recovery Rate= KP16/(KPI5-PI6b)

=0 &

Enter

Treatment

Treatment and Assess
(CasenessBefore)

CasenessAfter=
Caseness,After

CasenessBefore=
CasenessBefore

omplete
Treatment and
Assess
(CasenessAfter)

entered
treatment and
initially
assessed

completed
treatment and
assessed

Figure 2: Protocol Model of the IAPT KPIs.

Quantifiability. Quantification means deriving a

number or a conclusion from a set of instances of se-
lected concepts in the models. As we apply the select

functions for KPI derivation, this means that quantifi-
cation is already built into the KPI derivation proce-
dure.

Sensibility to the Change. In order to test the
sensitivity to change for any KPI, the protocol model
is populated with instances.

Let us assume that we want to test how
val the KPIl:Level of Need is changed when
the new instance ofSurvey appears. We cre-
ate two instances of the protocol machine
Survey with different DateOf Survey and
one instance of theAccessDashboard with
Start Of ReportingQuarter. We need to test
that the closest instance of th&urvey will be

tocol machineSurvey needed for validation of the
sensitivity to the change of tHaat eX Sur vey.

Linearity. In order to test linearity of a KPI to
a number of instances, we need a model vitin-
stances and a model with+ 1 instances. The tests
are collected during the execution. Because the pro-
tocol model has only the quiescent states, the KPI-
attributes of the dashboard, are derived from other
protocol machines at the same moment. For exam-
ple, all KPIs ofAccessDashboar d are derived at the
Start Of ReportingQuarter.

Reliability of the Business Process used for KPI
Definitions. Execution may question semantic relia-
bility of KPIs because of incompleteness of the busi-
ness process used in the KPI definition.

For example, the procedure of testigseness
is not specified in document of the IAPT (Improving

chosen to update the KPI1. We do not need to createAccess to Psychological Therapies, 2013). The strate-

a database to test the KPI definition in protocol
modeling. We use only two instances of the pro-

gic HI:Recovery Ratalepends on the quality of the
procedure of testin@aseness both before and after
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treatment. Th&Recovery Rates increased if more of

healthy people with assessed as "false” will enter the

treatment. Th&kecovery Rates increased if more of

and the model of the underlying process.
The KPI corresponds to the god\ Referred
Person after treatment has improved conditions”

sick people are wrongly assessed as "false” will leave The improvement corresponds to the growth of the

the treatment. In other words, the quality of testing is

Recovery Rat e, but the growth may be manipulated

the point of attention for management of the business by the procedure of the assessm€aseness both

process using this KPI family. In order to improve
reliability of theH : Recovery Rate, the procedure
of theCaseness testing should be specified.

Efficiency of KPI Sets. It is more difficult to val-

before and after treatment. If this procedure is in-
dependent of the process of treatment and well de-
fined/specified to avoid manipulations, tRecovery

Rat e is improvement oriented. If the procedure of

idate efficiency as there are usually several different Caseness assessment belongs to the treatment pro-

ways to collect data from the model for a KPI calcu-
lation. The KPI is efficient in organization if it is sim-
ple and well understood. In this way, the efficiency is
related with semantic reliability.

In general, the KPIs should not duplicate each
other. As we analyse the working programme, the
duplications were already avoided. In the IAPT pro-
gramme, the KPI2 and KPI6a duplicate other KPIs.
They were found superfluous already by organiza-
tions trying to apply the set of the IAPT KPIs. The
validation could be done on the model.

Improvement Orientation of KPIs. The most

cess, and this treatment process gets funding on the
basis of this KPI, then the value &covery Rate

can be manipulated to meet the planned values by as-
sessing healthy people as sick before the treatment
and sending them for the treatment or by assessing
sick people as healthy after the treatment.

4 RELATED WORK AND
CONCLUSIONS

The KPI specific modelling techniques described by

important property of KPIs is improvement orienta- gyrecker et al., 2012; Frank et al., 2009; Popova and

tion. There is a danger of replacing the improvement

orientation of KPIs with the plan orientation. In this

case, the KPIs may be used for manipulating num-

bers. The value of an improvement oriented KPI can-

not be manipulated in the attempt to meet its planned

value.

Our case study presents examples of both an im-

provement oriented KPI and a possibly plan oriented
KPI.

The HI AccessRate-
(NumberOfEntered T reatmefttevel OfNeed is an ex-
ample of the improvement oriented KPIs. It cor-
responds to the goal’A Referred Person has ac-
cess to psychological therapiesThe improvement
means positive growth of the ratio of treated people
to the people needing treatment. Modelling shows
that the numerator and denominator of the KPI are
objective values that grow through the model execu-
tion and cannot be manipulated in the defined pro-
cess. Thdevel O Need comes from an independent
process Survey. Thiunber Of Ent er edTr eat ment
is a summation of individuallyref erred Per sons,
which are independent of the treatment providing

The HIRecoveryRate-

Numbero f PeopleMovingToRecovery
(NumberofPeopleCompleted Treatment
NumberO fCasenessPeopleBe foreTreatinent

may become plan oriented and open to manipulations.

For validation of the improvement orientation of this

indicator, we use both the goals associated with KPIs
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Sharpanskykh, 2010), are based on conceptual mod-
elling and propose metamodels for KPI design. They
are aimed to integrate the enterprise models with a
model of performance measurement systems and use
the integrated model as a basis for further analysis
at different organizational levels of abstraction. The
methods do not have means for execution of process
models and validating the properties of KPIs.

The aim of our method is different as we take a de-
signed set of KPIs as an input from a document or a
standard and then model and analyse the abstract busi-
ness process derived from this KPI set and the prop-
erties of KPIs. We relate KPIs only to the abstract
business processes derived from the KPI definitions
and therefore, simplify the analysis.

We don't restrict our modelling techniques with
conceptual modelling. Our method combines ele-
ments of goal modelling, conceptual modelling and
protocol modelling. The need of a practical combina-
tion of these methods to validate KPI properties led
us to the choice of the synchronous protocol mod-
elling technique. As a protocol model is a combi-
nation of process model and data model, it contains
useful procedures for communication of protocol ma-
chines with data and advanced procedures for deriva-
tion of states of one protocol machine from the states
of others. These advanced protocol modelling opera-
tors are supported with the Modelscope tool (McNeile
and Simons, 2005). The model is executed and tested.

The combination of techniques proposed in this
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paper supports the requirements for the method for Hoare, C. (1985). Communicating Sequential Processes
KPI modelling as it presents a) an abstraction of the Prentice-Hall International.
available conceptual models enabling modelling of IAB Europe (2013)http://www.iabeurope.eu/news/launch-

KPIs and understanding their relationships; b) intu-
itive models of KPlIs of different levels. Our method
enables model execution and therefore, validation o

the desired properties of KPIs. The goal model and
the executable protocol model support the validation

of the properties of KPIs including semantic reliabil-
ity and improvement orientation. The validated pro-

cesses and KPIs can be used for implementation mod-

elling.
In the future work, we plan to further develop
techniques to test semantic reliability and efficiency

of a KPI and adapt our method for design and anal-

ysis of tactical, strategic and complex KPIs (Robert

Kaplan, and David Norton, 2001) used in industry.
We also plan to integrate our method with the

methods for system implementation modelling. The

models of implementation are usually asynchronous.

All asynchronous deviations of their behaviour from

the visible system behaviour presented with protocol
models should be required or accepted by users. In

such a way using protocol models may contribute to
reliability of requirements and models of implemen-
tations.
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