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Abstract
Regulators are under constant pressure to demonstrate if and how the regulations they administer, which impose many
requirements on various systems and processes, achieve intended societal outcomes. Traditionally, regulators have relied on
impact assessments, risk analysis, and cost–benefit analysis to assess compliance with regulations. These methods, however,
are effort and time intensive and focus on the efficiency of regulatory processes rather than on the effectiveness of the regulatory
initiatives meant to improve compliance to regulations and the latter’s impact on intended societal outcomes. Goal-oriented
modelling and data analytics approaches provide the basis for the development of more sophisticated methods and tools
to better address the needs of regulators. This paper introduces the goal-oriented regulatory intelligence method (GoRIM),
which enables effective management of regulations through modelling and data analytics. Through continuous monitoring,
assessing, and reporting on efficiency and effectiveness aspects, GoRIM is meant to facilitate the analysis of feedback loops
between regulations, regulatory initiatives, and societal outcomes. To demonstrate the applicability and perceived usefulness
of GoRIM in addressing the first feedback loop between regulations and initiatives, we evaluated it through three case studies
involving regulators from different contexts, with positive results. GoRIM extends the concept of regulatory intelligence
beyond the analysis of compliance. It also provides practical guidelines and tools to regulators for making, in a timely way,
evidence-based decisions related to the addition, modification, or repeal of regulations and related regulatory initiatives. In
addition, GoRIM helps better identify software and information needs for enabling such decisions.
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1 Introduction

Regulations are an important mechanism for achieving
desired societal outcomes related to the safety, security, and
prosperity of citizens and communities [1, 2]. To achieve
these objectives, regulations are accompanied by various reg-
ulatory initiatives such as programs and enforcement actions
designed to influence social behaviours and ensure com-
pliance [3]. While regulations are unavoidable in today’s
societies and can help ensure minimal system qualities, they
can also create a burden for organisations who must respond
to new or frequently changing requirements [4]. For exam-
ple, the cost of complying with regulations in the United
States of America has been estimated in 2014 at 10,000
USD per American worker [5]. Regulators are therefore con-
stantly pressured to demonstrate if and how the regulations
they administer achieve desired objectives at adequate costs
[6]. This is an ongoing challenge, since regulators are also
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responsible for evolving regulations as needed, requiring fur-
ther assessment [1, 7].

Regulators typically manage regulations through a lifecy-
cle approach consisting of three iterative phases: (1) themake
phase in which relevant government policies are transformed
into regulatory instruments; (2) the operate phase in which
regulations and regulatory initiatives are applied; and, (3) the
review phase inwhich regulatory instruments are evaluated in
order to assess if they are meeting their objectives, or if they
should be modified in order to do so. However, while data
are generated through activities within the first two phases
(e.g., compliance data), they are not currently being system-
atically leveraged to support the review phase [1]. This may
be due to the lack of adequate software support and uncer-
tainty regarding data requirements for that phase [8].

The evaluation of regulations has so far been mostly lim-
ited to methods focusing on administrative efficiency and
cost [4], the regulator’s political accountability [9, 10], or the
appropriateness of the governance framework involved [11,
12]. Such methods, in particular those limited to evaluating
costs, are inadequate for assessing societal impact and effec-
tiveness [13]. Hence, they provide insufficient support for
the review phase of the regulatory cycle, which also requires
the exploration of relationships among regulations and reg-
ulatory initiatives, compliance levels, and intended societal
outcomes. Moreover, while some impact analysis methods
explore societal outcomes, they often require slow, complex,
and expensive studies that cannot be undertaken frequently
and hence cannot provide timely results to decision makers
[1]. As such, it is common practice for regulators to settle
for the performance of programs (a kind of regulatory ini-
tiative) that are used to support regulations, instead of the
performance of the regulations themselves.

Logic models are graphical models that regulators often
use to demonstrate the performance of programs support-
ing regulations [14]. A logic model is a depiction of causal
pathways that presents the shared relationships among the
resources, activities, outputs, outcomes, and impact of the
program [15]. While logic models describe how programs
operate, and while they can be used to coarsely evaluate the
societal outcomes of the program, they do not necessarily
reflect the specific requirements of the regulations they sup-
port. Moreover, they do not quantify relationships between
model elements in terms of contributions to the success of
the program and, indirectly, to the performance of the reg-
ulation. As such, regulators are not able to make informed
and evidence-based decisions about regulations using logic
models.

The term regulatory intelligence refers to the gather-
ing, collating, and analysis of regulatory data from multiple
sources to assess and ensure an organisation’s compliance to
applicable regulations [16, 17]. The fundamental concepts
of regulatory intelligence can be applied to evaluating the

compliance level of a target population by leveraging avail-
able regulatory data and business analytics tools [18]. The
availability of increasingly large datasets and tools such as
data analytics systems provide an opportunity to expand the
concept of regulatory intelligence to better assess regulatory
performance and management of the regulatory cycle.

The objective of this research is to propose a model-
driven, tool-supported method for managing the regulatory
cycle focused on the review stage discussed above. Such a
method must enable the iterative assessment and evolution
(i.e., addition, modification, or repeal) of regulations and reg-
ulatory initiatives in relation to the societal objectives they are
meant to achieve. It should also provide timely and evidence-
based decision-making capabilities to regulators, as well as
transparency into their decision-making processes to facil-
itate communication with stakeholders such as government
agencies and regulated parties.

To achieve this objective, we propose the Goal-oriented
Regulatory Intelligence Method (GoRIM), a model-driven
method that incorporates goal modelling (from the require-
ments engineering field) and analytics to support the timely
and continuous assessment of regulations. GoRIM extends
the current body of work on regulatory intelligence by mod-
elling and supporting the analysis of relationships among the
requirement clauses of a regulation, the regulatory initiatives
that have been implemented to support this regulation, and
the societal outcomes achieved by the regulation. Themethod
provides novel support to regulators by enabling timely and
evidence-based decision-making for regulatory intelligence,
hence the ongoing evaluation and evolution of regulations
and related regulatory initiatives in order to achieve intended
societal outcomes. In this paper, we explore and test the
development of GoRIM to address the first feedback loop:
between the regulation itself and the impact of regulatory
initiatives meant to ensure compliance.

GoRIM relies in part on the Goal-oriented Requirement
Language (GRL), a modelling language part of the User
Requirements Notation (URN) standard [19, 20]. URN is a
language used to model and analyse requirements with goals
and processes. Goal models specify the goals of stakehold-
ers, their decomposition structure, and how they contribute to
each other.We focus on goal-oriented modelling in this work
because of the need to relate regulations to their objectives
in order to assess their effectiveness [8]. URN has been suc-
cessfully used to model various laws and regulations [21], to
measure their compliance in domains such as healthcare and
aviation security [22]. Moreover, GRL includes an indicator
concept that is useful for measuring and analysing the per-
formance of goals based on real data [23]. However, the use
of GRL and URN has up to now been limited to modelling
and assessing compliance with regulations [24]. GoRIM also
integrates data analytics tools to leverage capabilities that are
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important to professional users, such as visualisation, inter-
active exploration, and report creation [25].

This paper contributes: (1) a definition of GoRIM and its
steps, (2) a description of modelling and analytics software
needed to support GoRIM, instantiated with one particu-
lar combination of academic and industrial tools, (3) three
case studies that illustrate and evaluate GoRIM in differ-
ent regulatory contexts, while highlighting several software
and information challenges and solutions related toGoRIM’s
steps, and (4) further evaluation based on a survey of GoRIM
users, with positive outcomes.While these contributions will
be of interest to policymakers and regulatory organisations
in need of improved methods to monitor and assess their reg-
ulations, they will also be useful to software developers and
researchers working in regulatory compliance or business
intelligence.

This paper is organized as follows. Section 1 provides
background on the current body of knowledge and existing
challenges in regulatory intelligence. Section 3 describes our
use of the Design Science Research (DSR) methodology in
this research. Section 4 presents GoRIM and the process by
which it can be used by regulators. The application ofGoRIM
is demonstrated in Sect. 5 through three case studies under-
taken in different domains. The first case study describes
GoRIM’s use to analyse a regulation and related regulatory
initiatives; the second one focuses on the use of GoRIM to
assess the performance of a regulatory initiative; and the third
one highlights how GoRIM can be applied in contexts with
insufficient data. Section 5 presents the evaluation of GoRIM
through qualitative and quantitative results, and the implica-
tions and limitations of the research are discussed in Sect.
6. Section 7 presents related work, and the paper concludes
with a discussion on plans for future work in Sect. 8.

2 Extending regulatory intelligence

This research is motivated by the need to better support reg-
ulators in reviewing and evolving regulations in a manner
that is both timely and based on evidence. Regulatory activ-
ities happen in a lifecycle composed of three phases that
occur concurrently: (1) make, in which regulations are cre-
ated; (2) operate, in which regulations are implemented and
enforced; and (3) review, inwhich regulations are reviewed to
evaluate their performance and revised as needed to ensure
that they remain relevant [3]. However, a meta-analysis of
information technology artifacts used to support regulatory
compliance showed that while methods, guidelines, and sys-
tems are generally available to support compliancemodelling
and compliance checking tasks that are accomplished in the
operate phase, very little support exists for compliance anal-
ysis and compliance enactment tasks accomplished in the
review phase [8].

While the meta-analysis focused mainly on tasks con-
ducted by regulated parties, these results reflect issues
experienced by regulators in relation to understanding the
data requirements needed to assess a regulation’s perfor-
mance [26] and collecting the large volume of data generated
throughout the operate phase [27]. These issues translate into
challenges in exploiting these data to measure the perfor-
mance of a regulation and in a general lack of understanding
of how to review regulations to demonstrate performance
[1, 27, 28]. Methods have been proposed to measure reg-
ulatory performance (i.e., whether they are effective and
efficient), including randomized experiments, quantitative
observational studies aiming to identify causal relationships
between a regulation and its impacts, and qualitative studies
that explore multiple impacts of a regulation [1]. However,
these methods are predicated on large-scale and longitudi-
nal research designs that can be expensive, time-consuming
(sometimes taking years), and difficult to implement. Hence,
while these methods may provide reliable insights to poli-
cymakers, they do not support regulators’ needs for timely
decision-making based on frequent or continuousmonitoring
of available data. As a result, regulators currently lack sup-
port for timely iterating regulatory cycles in a manner that is
based on evidence, which is required for accountability and
transparency purposes [27].

Regulatory intelligence is a promising approach to
addressing this gap. From a regulated party’s perspective,
regulatory intelligence is widely used by companies in
the pharmaceutical sector, a sector characterized by ever-
increasing and changing regulatory requirements [17, 29]. In
this approach, organisations systematically gather and col-
late regulatory data frommultiple sources in order to analyse
them for the purpose of remaining compliant [16, 17]. A core
concept of regulatory intelligence is the creation of a feed-
back loop between the regulatory environment and a firm’s
regulatory strategy. The feedback loop is represented by the
use of data collected and analysed from the regulatory envi-
ronment as input into the regulatory strategy of a firm. It is
possible to create a similar feedback loop from the regulator’s
perspective, by linking a regulation and its related initiatives
to compliance data through dimensional models that enable
regulators tomonitor the compliance level of a regulated pop-
ulation using business intelligence tools [18]. However, the
methodology proposed to implement this approach remains
focused on compliance monitoring and does not provide the
means to measure and update regulations [18].

We thus propose to expand regulatory intelligence to
better support regulators’ activities beyond compliancemon-
itoring by establishing linkages to a regulation’s intended
societal outcomes, which further exploits dimensional mod-
els’ ability to support performance-related measurement
and decision-making. Such expanded regulatory intelligence
should consider the regulatory initiatives used to promote and
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Fig. 1 Types and dimensions of data generated through the regulatory process

enforce regulations and to educate regulated parties, together
with measures of whether societal outcomes have been
achieved. Figure 1 depicts dimensions that form the basis
of an extended regulatory intelligence framework encom-
passing regulation initiatives, compliance to regulations, and
societal outcomes. Each dimension corresponds to a given
phase within the regulatory cycle: regulatory initiatives data
generated through the “make” phase, compliance data gen-
erated through the “operate” phase, and social outcome data
required for the “review” phase. The exploration of relation-
ships among these dimensions is key to supporting iterative
decision-making within the regulatory cycle.

The framework thus specifies (1) a compliance feedback
loop linking compliance and regulatory initiatives, and (2)
a behavioural feedback loop linking compliance to intended
societal outcomes. For these loops to support evidence-based
decision-making, data from the regulatory process must be
captured, structured in a coherentmanner, and analysed using
relevant software and statistical techniques. A first step in
building these feedback loops is thus to map the rules and
interrelationships among these rules contained in a regula-
tion so that the feedback loops are specific to the different
sections and sub-sections in each regulation. The analysis
generated through such mapping and subsequent analysis
can then enable regulators to make informed decisions about
interventions that could improve a regulation and its support-
ing regulatory initiatives.

In order to move from this conceptual framework to tools
able to better support regulators in reviewing and evolving
regulations, we propose a comprehensive method (GoRIM)
that can be supported by existing open-source and commer-
cial software, with some adaptation and configuration.

3 Researchmethods

This research is situated within the Design Science Research
(DSR) paradigm, which guides research focused on the

introduction of innovative artifacts, whether in the form of
models, methods, or information systems, that can both solve
problems experienced by domain practitioners and generate
generalizable design knowledge [30, 31]. DSR is increas-
ingly used in engineering disciplines and computer science
because it helps researchersmove between problem and solu-
tion domains and between theory (or extant knowledge) and
practice in an explicit and transparent manner [32]. There are
varied ways to move among these dimensions; we followed
one of the more comprehensive paths, thereby starting with
a problem instance and abstracting to a general problem and
its solution, followed by the evaluation of an instance of that
solution [32, 33].

3.1 Design science researchmethodology

Weused theDesignScienceResearchMethodology (DSRM)
[34] to guide the creation and evaluation of GoRIM. DSRM
offers conceptual principles, practice rules and a process for
carrying out and presenting research in line with DSR prin-
ciples. The main steps within the DSRM process are: (1)
Problem identification and motivation; (2) Definition of the
objectives of a solution; (3) Design and development of an
artifact; (4) Demonstration of the use of the artifact; and (5)
Evaluation of the artifact. This process is not linear but iter-
ative, with the results of the demonstration and evaluation
steps typically triggering modifications to the artifact [34,
35]. We briefly outline the activities conducted in each step.

The first and second steps are highly interrelated and cor-
respond to the development of a solid understanding of the
problem domain. In the first step, researchers should define
the problem and justify the value of addressing it. In the
second step, the objectives of a solution should be inferred
from the problem definition and the knowledge of what is
possible and feasible [34]. In this research, both steps were
supported by systematic literature reviews on the tools and
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methods available to regulators and informal conversations
with some of them [8, 24, 27]. The problem being addressed
is hence defined as the lack of support for the review phase
of the regulatory cycle, and the objective of a solution is
defined as the provision of a method that can support timely
and evidence-based decision-making by regulators. A simi-
lar approach was adopted in other DSR projects in the field
of software and systems modelling and design [36].

An artifact, or generic solution, is created in the third step.
Moving from objectives to solution should rely on relevant
extant knowledge or theory [30, 34]. The framework under-
lying GoRIM was based on existing practices in regulatory
intelligence [17, 29] and preliminary proposals for apply-
ing regulatory intelligence to support the needs of regulators
[18], as described in Sect. 2. Moving from this framework to
the creation of amethod that can be used by regulators in their
daily activities relied firstly on a systematic literature review
of the modelling methods used to support regulatory com-
pliance [8]. Results of this review showed that goal-oriented
modellingmethods offeredmore benefits formodelling regu-
latory compliance than non-goal orientedmodellingmethods
because they can: (1) model both the intent and structure
of laws and regulations, rather than solely their intent; (2)
capture a broader range of constructs including regulations,
stakeholders, objectives, outcomes, processes, and their rela-
tionships; and, (3) facilitate monitoring and assessing these
relationships using indicators that represent varied types
of measure. The design of GoRIM also relied on existing
goal-oriented approaches and tools that have been devel-
oped for the domain of regulations, while extending them
to fully reflect our proposed framework for an expanded
regulatory intelligence (see Sect. 8—Related work). GoRIM
thus extends the application of goal-oriented modelling for
the domain of regulations by expanding the scope of data
collected and by integrating off-the-shelf, easily accessible
business intelligence solutions for the analysis of these data.
Our approach to the creation of a solution reflects the fact that
a full cycle of DSR is often accomplished through numerous
research projects carried out over time [37].

The fourth and fifth steps represent two levels of eval-
uation: (1) a demonstration that the artifact can solve one
or more instances of the problem, and (2) the evaluation of
how well the artifact provides a solution to the problem—in
other words, how well the solution achieves the objectives
defined in the second step [34].While a full DSR cyclewould
encompass both levels of evaluation, the first level is consid-
ered critical for novel artifacts since it shows whether the
solution is a candidate for adoption in practice before it is
implemented [33]. Hence, evaluating a “proof-of-concept” in
termsof its perceivedusefulness, quality, and efficacy is taken
to provide sufficient rigor for novel artifacts, while in-depth
evaluation is to be expected in a research project focusing
on the validation of an existing artifact [35]. In this research,

a multiple-case study was used to implement step 4, while
surveys of key informants were used to support step 5. These
two steps were intertwined to revisit step 3 and iteratively
improve GoRIM as described in the next section. Since steps
4 and 5 were iteratively used to improve GoRIM and made
use of proof-of-concept models, the evaluation performed in
this research is considered to be formative [38].

3.2 Procedures for demonstrating, evaluating,
and improving GoRIM

Several methods can be used to support the evaluation of a
solution, including objective quantitative performance, sat-
isfaction surveys, and client feedback [34]. This study relies
on the involvement of key informants in order to evalu-
ate GoRIM in terms of its applicability to real-life contexts
and of its perceived usefulness for demonstrating the per-
formance of regulations. Key informants are individuals
considered to have specialist knowledge in a domain [39].We
recruited fourteen key informants playing varied managerial
and analytical roles in three government agencies responsi-
ble for articulating, implementing, andmanaging regulations
related to the environment and infrastructure domains. Each
agency acted as a case study, leading to a multiple-case
study research design that allows comparing cases to increase
the generalizability of results [40, 41]. Moreover, applying
GoRIM in themultiple-case study provided us with feedback
that helped to refine GoRIM to its current state as described
in Sect. 4. The study spanned a period of two years from July
2016 to July 2018 and each case is described in Sect. 5.

The following process was used to conduct the multiple-
case study and key informant surveys, as well as to improve
GoRIM:

(A) We met with each key informant at least once in per-
son to understand each case’s chosen regulation and
regulatory initiative and to capture them as goal mod-
els. These initial meetings were followed by informal
conversations over phone or email as needed to create
representative models.We also asked key informants to
provide us with sample data during this phase, which
corresponds to the first and second steps of GoRIM (see
Sect. 4.3).

(B) GoRIM’s steps 3 to 6 were then applied. Hence, the
models were populated using the sample data provided
for each case, and analysed using an off-the-shelf data
analytics software.

(C) Another set ofmeetings and interactionswith key infor-
mants allowed us to validate the regulations and regu-
latory initiatives models, analysis results and insights
obtained. This process was iterative, whereby the
knowledge and learningwe derived fromone case study
was applied to subsequent case studies to improve how
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to create the model, populate the models with data, and
carry out analysis to derive insights. The process of
validating the models also allowed the refinement of
GoRIM itself, in particular through an additional step
as described in Sect. 4.3.

(D) Validated models were then provided to key informants
as proof-of-concepts. At this time, key informants were
asked to respond to a questionnaire on the applicability
of GoRIM to represent of their regulatory context.

(E) Another set of meetings with key informants allowed
the collection of additional data on the chosen regu-
lation and regulatory initiative for their case, as well
as the identification of performance-related questions
of interest to key informants within each case. Models
were analysed again using an off-the-shelf data analyt-
ics software to answer each set of questions.

(F) The resulting models and analysis results were then
presented to key informants as a basis for answering a
questionnaire on the perceived usefulness of GoRIM.
This process was carried out concurrently across cases,
as described in step C above.

3.3 Threats to validity

We used three of the four tests proposed by [41] to evaluate
the findings we obtained from the qualitative data analysis of
GoRIM’s applicability and perceived usefulness in the three
studies of our multiple-case study. The fourth test, internal
validity, was not used since it does not apply to exploratory
studies, which is the role played by key informants’ feedback
in this research. These tests were:

1. Threats to construct validity Construct validity refers
to how well the studied parameter and their outcomes
were relevant to the research questions addressed by our
research [41–43]. In this research, this threat concerns
whether we established correct measures of the con-
cept we studied, namely the effectiveness of regulations.
To mitigate this threat, we first demonstrated and vali-
dated GoRIM’s ability to capture the regulatory context
to the key informants before usingGoRIM to address real
regulatory performance issues. Hence, we were able to
establish a chain of evidence on what GoRIM addressed.
In addition, we provided a draft report of our presenta-
tions to the key informants to peruse and comment before
any presentations were made to ensure that they were
knowledgeable and in agreement.

2. Threats to external validity This refers to the ability of
generalizing research findings obtained to other domains
under different settings [41–43]. The external validity in
this research reflects the extent to which we can gener-
alize the research findings on GoRIM. To mitigate this
threat, our research design involved applying GoRIM to

a multiple-case study involving three studies. In addi-
tion, we applied analytical induction across all the studies
by focusing on the review phase of the regulatory cycle
where regulations are reviewed, and hence ensured that
we had similar activities in all three studies [41, 44].

3. Threats to reliability Reliability refers to demonstrating
that, if the operations of a study were repeated, the same
results would be obtained [41]. When using qualitative
data, the prerequisite for this criterion is to document
case study research procedures in a transparent manner.
Tomitigate this threat, we created a research protocol and
instruments ahead of data collection, including recruit-
ment letters, consent letters, and an interview protocol
approved by the authors’ institutions’ Research Ethics
Board. Moreover, all collected data were kept in a case
study database separate from the case study report, and
each step of data analysis was documented. We provide
a description of the thematic analysis used to gener-
ate insights from key informants’ feedback (http://bit.
ly/GoRIM-supp). Nevertheless, remaining limitations
related to reliability are discussed in Sect. 7.2.

4 The goal-oriented regulatory intelligence
method (GoRIM)

GoRIMis amodel-drivenmethod for assessingwhether regu-
latory initiatives and regulations effectively support intended
societal outcomes. GoRIMprovides the procedures and tools
that allow collecting, analysing, and reporting on behavioural
and compliance outcomes for the purpose of monitoring and
evolving regulations and related initiatives (see Fig. 2).

GoRIM makes use of goal modelling, using the Goal-
oriented Requirement Language (GRL) and jUCMNav, a
free and comprehensive Eclipse-based graphical editor for
analysing and managing GRL models [45]. GRL allows
analysing compliance and performance data in relation to
the goals of a regulation, its supporting regulatory initiatives,
and its intended societal outcomes with a common language.
This unique capability helps to integrate varied compliance
and performance data in a homogeneous dataset in order to
further analyse the impact of a regulatory initiative on regu-
lation compliance, and the impact of a regulation on intended
societal goals. This analysis is carried out using off-the-shelf
data analytics software that provides data exploration, visu-
alisation, and reporting functionalities. The insights gained
through data analytics can then be used to make decisions
regarding the evolution and further evaluation of a regulation
and its supporting regulatory initiatives. The next subsec-
tions describe GoRIM’s artefacts, roles, and steps, which
correspond to the main method concepts (respectively called
work products, roles, and tasks) defined in OMG’s Software
& Systems Process Engineering Meta-Model (SPEM) spec-
ification [46].
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Fig. 2 Overview of GoRIM,
with steps for modellers (M),
analysts (A), and regulators (R)

4.1 GoRIM’s artefacts

GoRIM’s main input artefacts are composed of descriptions
of regulations, initiatives, and expected societal outcomes,
supplemented by quantitative aspects usually not found in
official regulatory documents. The second input is evidence
needed to evaluate the models, especially data collected by
regulators (e.g., through inspections or self-reported by regu-
lated parties) or available publicly (such as national statistical
organizations or open data [47]).

Intermediate output artefacts include three goal models
(regulatory initiative, regulation, societal outcome), and their
evaluation results based on evidence (e.g., per organisation
at specific times for regulations), stored in a database. The
models are homomorphic in nature, having the same views
and created with the same language. This quality simplifies
the learning of GoRIM and the integration of tools.

The main outputs of GoRIM are analysis results and visu-
alisations, which can highlight performance along individual
models (e.g., hot spots) together with correlations between
models in support of the feedback loops in Fig. 1.

The metamodel capturing the essence of regulations and
a mapping to GRL construct were provided by Shamsaei in
her thesis [48] and are reused here to guide the creation of
goal models for regulations. For regulatory initiatives, we
created the metamodel in Fig. 3 based on the literature on the
regulatory process on discussionswith regulators. Thismeta-
model describes the structural concepts and relationships of
regulatory initiatives.

Table 1 describes the mappings between the concepts of
this metamodel and GRL. Not all concepts need to be con-
verted in our context; for instance, our analysis does not need
to distinguish between immediate and long-term outcomes.
This metamodel and this mapping help guide the manual
transformation from textual initiatives to GRL models.

Wehave also observed from the literature and fromdiscus-
sions with regulators that the structure of societal outcomes
is essentially identical to the structure of regulatory ini-
tiatives. Societal outcomes can also encompass activities,
inputs, objectives, outcomes, outputs, regulatory initiatives,
regulatory instruments, and stakeholders. This means that
societal models can be created in GRL in the same way as
regulatory initiatives.

4.2 GoRIM roles

Three different types of expertise are required to apply
GoRIM: modelling, data analysis, and regulations. Each
expertise corresponds to a GoRIM role, used to explain the
method’s steps in Sect. 4.3. These roles have been defined
in line with the skills of personnel typically employed by
regulatory organisations. Goalmodelling expertise, however,
would additionally be needed to implement the solution.

Modeller This role is responsible for creating and correct-
ing the goal models of the regulations, regulatory initiatives,
and intended societal outcomes (Steps 1 and 3). In addi-
tion to goal modelling skills, expertise in goal elicitation and
negotiation is needed from discussions with regulators and
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Fig. 3 Metamodel for regulatory initiatives and societal outcomes

other experts (e.g., how much a section of a regulation con-
tributes to the satisfaction of its parent section, how indicators
are defined, what are the societal objectives). The modeller
also populates the models with data and exports the evalua-
tions results (Steps 2, 4, 5), which requires familiarity with
domain data and with databases. The modeller role can often
be played by a Business Analyst or a Requirements Engineer.

Analyst This role is responsible for derivingdifferent types
of insights from the data that aggregates evaluations of mod-
els for multiple organisations and multiple initiatives, using
data analytics software (Step 6). As such, this role requires
analytics skills and expertise in the regulatory context. This
role can be played by a Data Scientist or a Policy Analyst.

Regulator This role is responsible for making decisions
on whether to change the period at which an organisation
should be assessed for compliance (Step 7). For example,
the next inspection or audit might be required earlier than
usual due to non-compliance issues. The regulator can also
evolve regulations, initiatives, and even societal objectives in
case misalignment is discovered (Step 8). The regulator may
also share best practices from awell-performing organisation
with lower-performing organisations. The regulator role can
be played by Policymakers and other people in charge of
regulations and related initiatives.

4.3 GoRIM steps

We describe GoRIM’s eight steps here and illustrate their
application in the next section.

1. Build The modeller creates goal models of supporting
regulatory initiatives and intended societal outcomes,
using the metamodel in Fig. 3 and the mapping in Table
1. This is not automated and hence must be done man-
ually, using the guidelines provided in [49, 50], inspired
from Shamsaei’s guidelines [48]. These goal models pro-
vide an abstraction mechanism that helps capture the
parts of natural language documents that are important
to support analysis. Many regulations are available in
a structured format (e.g., in a database) that can be
represented as a Comma-Separated Value (CSV) file
importable by jUCMNav [51], which accelerates the cre-
ation of models. The resulting goal models are expressed
in terms of intentional elements such as goals, tasks,
and resources; key performance indicators (KPIs); and
decomposition and contribution links between these ele-
ments (see Fig. 2). Quantitative information for these
models, such as KPIs measuring compliance and the
weight of their contribution links to goals capturing
sections of the regulations/initiatives, must be elicited
from regulators and other experts. Existing techniques
for reaching consensus on such quantitative information
in goal models [50, 52, 53] can be used here. Optionally,
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Table 1 Mapping between regulatory initiatives (or societal outcomes) and GRL model elements

Term Definition GRL Element

Activity Refers to an atomic process, i.e., the combination of actions that result in a certain set of
products. This is the basic granularity used in the domain of regulatory initiatives

Task

Activitytype Refers to the type of activity, e.g., task, duties Metadata on Task

Indicator Refers to a qualitative, quantitative or time factor used to measure Indicator

Input Refers to what is put in or operated on Resource

Inputtype Refers to the type of input, i.e., human resource, time, or money Metadata on Resource

Objective The purpose for which the regulatory initiative is required Goal

Outcome Refers to what an activity achieves Goal

Outcometype Refers to the type of outcome, i.e., immediate (short term), intermediate (medium-term),
long-term or ultimate

Metadata on Goal

Output Refers to what an activity produces directly or immediately. It also refers to a direct or
immediate objective

Goal

Regulatory Initiative Refers to actions, steps or things done that lead to actions on administering regulatory
instruments

Task

Regulatory Instrument Refers to tools Regulators use to change or modify behaviours in order to meet the objectives
of each act or law, e.g., Regulation, Standard, or Code of Practice

Goal

Stakeholder Party or person with an interest or concern in the objective or outcome of the regulatory
initiative

Actor

Stakeholder-type Refers to the type of stakeholder, i.e., department, target audience or interest group Metadata on Actor

additional goal model validation techniques could also
be used [54].

2. Data preparation Available data on regulation com-
pliance, performance of the regulatory initiative and
achievement of societal goals is identified, collected,
and prepared by the modeller for input into the KPIs
of the three goal models. Here also, three parameter val-
ues are defined for GRL KPIs; Target (corresponds to a
full 100 satisfaction in GRL’s standard [0…100] scale),
Threshold (partial satisfaction of 50) and Worst (full dis-
satisfaction, i.e., 0).

3. Model correction The modeller uses sample data to eval-
uate the goal models to checkwhether the evaluations are
as expected in chosen scenarios where the achievement
of a given set of goals is known to the regulator. If the
models are incorrect, then Steps 1 and 2 are revisited. In
addition, models are checked for structural issues using
well-formedness rules provided in jUCMNav [48]; the
applicable OCL rules are listed in “Appendix A”.

4. Input data When deemed correct, all prepared data are
input into the models by the modeller. Using a GRL
algorithm for computing goal satisfaction from KPIs,
the satisfaction levels of each KPI is propagated to the
other elements in the model. GRL models express sat-
isfaction levels quantitatively on a [0.0…100] scale, as
well as visually using colour-coding of intentional ele-
ments (greener when closer to the target value and redder
when closer to theworst value). The resulting satisfaction
values of model elements are the compliance levels for

the regulation model and the performance levels for the
regulatory initiative and societal goal models. Such eval-
uations can be done within jUCMNav, or externally by
exporting the GRLmodels to arithmetic functions usable
in programs and spreadsheets [55]. The results of this
stage provide a comprehensive view of regulatory com-
pliance and performance to regulators. While some of
this information would likely be known by a regulator
today, discussions with key informants (who have spe-
cialist knowledge) confirmed that regulators rarely have
access to all three views. Moreover, gaps in evaluated
models resulting frommissing data related to given KPIs
can help regulators to identify data to be collected in the
future.

5. Output Snapshots of different compliance and perfor-
mance satisfaction values ofmodel elements are exported
and stored in a database. A snapshot refers to the evalua-
tion of one model for one entity (group, regulated party,
or target, as seen in Fig. 1) at a given time. The database
then contains compliance and performance data struc-
tured along three dimensions (entities, time, and goal
model elements).

6. Extract The analyst extracts relevant evaluated data to
further explore it using an appropriate data analytics
software, which provides data quality assessments and
predictions (with confidence levels) together with a vari-
ety of visualizations. Data can be analysed for individual
models (regulations, initiatives, societal goals) or for rela-
tionships (e.g., correlations) involving two models. New
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insights such as parts of the regulation with good com-
pliance, compliance trends, and performance levels for
initiatives and societal goals can show whether there is
a correlation between regulatory initiatives and compli-
ance levels on one hand, and between compliance levels
and societal outcomes on the other.

7. Periodic enforcement/evaluation Analytics results
enable decision making by visualizing and demonstrat-
ing the relationships between and among elements. The
regulator can exploit the above results to decide on
short-term courses of action (e.g., warnings, penalties,
or more/less frequent inspections of specific regulated
parties) or to support sharing best practices between
regulated organisations.

8. Evolve The regulator can also exploit the analytics
results and new insights to justify the need for evolu-
tion (addition, modification, or repeal) of the regulation
or related regulatory initiatives in order to better achieve
intended societal outcomes. Specific scenarios can even
be explored by evaluating tentative goal models that cap-
ture such evolutions against historical data [56].

For steps 6 and 7, it is required for the analytics software to
be usable by non-scientists (e.g., regulators and policymak-
ers), ideally with support for natural language queries (with
automated proposals for candidate follow-up questions, to
trigger relevant exploration of results) and default visuali-
sations automatically selected (but modifiable). In addition
to conventional filtering, slicing, and dicing capabilities, the
software shall also be able to capture and reason about dimen-
sions that reflect the structure of goal models (Fig. 1), which
are not necessarily well balanced. The analytics software
shall also be able to find correlations across datasets (e.g.,
for regulations, initiatives, and societal outcomes data), and
not simplywithin datasets as the latter are often simple reflec-
tions of the goal models used to generate the datasets in
the first place. IBM Watson Analytics (recently integrated
to IBM Cognos Analytics [57]) was shown to meet these
requirements [58], although other alternatives may exist or
be developed. Watson Analytics is an online service that also
runs many SPSSModeler algorithms in the background dur-
ing analysis, scores the models, and reports on those that
performed the best, with statistical explanations of confi-
dence levels. Note that correlations in Watson Analytics are
based on the Pearson product-moment correlation index.
In addition, algorithms and parameters are automatically
selected and confidence levels computed based on the input
data type and quality. Such capabilities are adequate for
GoRIM’s needs and for GoRIM users who are not data ana-
lysts.

More detailed and better illustrated guidelines are avail-
able online in [49].

5 Case studies

GoRIM was applied in three case studies related to Cana-
dian regulatory agencies. This approach demonstrates the
applicability of GoRIM in more than one type of regulatory
domain: wildlife, mining, and safety. Each case study, pre-
sented in the next sub-sections, highlights a different use of
GoRIM. The first case study focuses onmodel analysis using
GoRIM. The second one focuses on GoRIM’s use to model
and analyse a regulatory initiative, in full compliance with
the regulation. The third case study shows how GoRIM can
be used in contexts with incomplete regulatory datasets. All
three focus on the first loop of Fig. 1, between regulatory
initiatives and regulations, without models of societal out-
comes. These case studies served as proof of concepts for
the application of GoRIM; their results were not intended to
be used to influence actual decision-making by the regula-
tory agencies or to draw conclusions about the performance
of the regulations or regulators.

5.1 Migratory bird regulation case study

In Canada, a permit is required to hunt birds considered
as migratory birds. The Migratory Birds Convention Act
(MBCA) [59] contains regulations that protects migratory
birds, their eggs, and their nests from unauthorized hunt-
ing, trafficking, and commercialization [60]. The Migratory
Bird Regulations (MBR) [61] are the regulatory instrument
used to administer the MBCA. The Canadian Wildlife Ser-
vice (CWS), a unit within Environment and Climate Change
Canada (ECCC), administers the MBR using a regulatory
initiative called Migratory Birds Program (MBP). While the
objective of the hunting provisions of the MBR is to ensure
alignment with the MBCA, the objectives of the MBP are
to (1) provide core information to ensure sound decision-
making for setting conservation and protection goals; (2)
enforce the MBR and the adoption of effective policies; and
(3) champion actions to sustain healthy populations of migra-
tory birds.

This case study focuses on modelling the hunting pro-
visions of the MBR and the activities that are involved in
managing the MBP. In participating in the case study, the
CWS was interested in identifying the contributions of the
MBP to observed compliance with the MBR, i.e., whether
the regulatory initiative actually improved compliance (com-
pliance feedback loop in Fig. 1).

After creating the models, data on non-compliance with
the hunting provisions of the MBR and data on performance
of the MBP activities were fed to the models. Next, the data
analysed through themodelswere exported into a data analyt-
ics tool, IBMWatson Analytics [57], to enable visualisation
and further analysis of the effectiveness of the hunting pro-
visions of the MBR and performance of the MBP.
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Table 2 Ranking of enforcements activities to obtain contribution val-
ues

Rank Enforcement activity Average Percentage

1 No action 0.0278 3

2 Warning 0.0556 6

3 Direction 0.0833 8

4 Ticket 0.1111 11

5 EPCO 0.1389 14

6 Ministerial order 0.1667 17

7 Arrest 0.1944 19

8 Prosecution 0.2222 22

Total 1 100

GoRIM steps were applied as follows:
Step 1 Model building: The hunting provisions sec-

tions of the MBR [62] includes General Prohibition:
Subsections 5(4) and (11), Bag Limits: Sects. 7 and 8,
Possession: Subsections 10(1) and (2), Shipment: Para-
graphs 13(2)(a) and (c), Hunting Methods and Equipment:
Paragraphs 15(1)(c) and 15.1(2)(a) and (b), Overabundant
Species: Subsections 23.1(2) and (3) and 23.3(1), subpara-
graph 23.3(2)(d)(iii), subsection 23.3(3) and subparagraph
23.3(4)(d)(ii). When the CWS enforces the hunting provi-
sions of the MBR, the focus is on non-compliance rather
than on compliance. Not all provisions in the hunting sec-
tions of the MBR are subject to enforcement actions, as
some provisions are administrative in nature. Hence, to
enforce compliance, the CWS uses the following enforce-
ment activities to respond to incidents of non-compliance:No
Action, Warning, Direction, Ticket, Environmental Protec-
tion Compliance Order (EPCO), Ministerial Order, Arrests,
and Prosecution. One or more enforcement activities can
respond to a case of non-compliance. These enforcement
activities were used as KPIs. To determine the contribution
value of each KPI, with a go ahead from the key informants,
the authors ranked the enforcement activities based on the
perceived effort required to enforce non-compliance by the
CWS as illustrated in Table 2.

To create a model of this regulation, the authors created a
tabular representation of the regulation from its original tex-
tual format based on a Tabular Presentation Metamodel [51]
and then transformed it into a goal model using jUCMNav.
The goalmodel contained 156 intentional elements (35 goals,
1 resource, and 120 KPIs). Figure 4 illustrates the overview
GRL model of the hunting provisions of the MBR and the
“Bag Limits Section”.

Following the same process, the authors manually cre-
ated the GRL models of the MBP, the regulatory initiative
used to administer the MBR. The MBP model includes
developing scientifically sound regulations through bird pop-
ulation surveys, banding of waterfowls and harvest surveys

(also referred as “Status Analysis”). It also includes com-
pliance promotion, an activity not carried out by the MBP.
Interestingly, while the MBP is responsible for creating and
administering the MBR and for planning and implementing
compliance promotion activities, the Enforcement Branch
of ECCC is responsible for enforcing compliance with the
MBR. GoRIM proved useful in this scenario as it enabled
the capture and linking of other related activities of the MBP
in the GRL model. The resulting goal model contained two
actors, 300 GRL intentional elements (7 goals, 7 tasks, 62
resources and 224 KPIs). This large model confirms GRL’s
ability to provide scalable and consistent representations of
multiple views/diagrams of one model. This also accentu-
ates jUCMNav as a robust tool for analysing goal models
[63, 64]. Figure 5 gives an overview of the MBP goal model
and related activities.

Step 2 Data preparation: The CWS provided data on non-
compliance incidents recorded annually against the hunting
provisions of the MBR for each enforcement activity from
2006 to 2016. These data are counts of violations and did
not have any benchmark value set to identify what signifies
a better/worse number of violations acceptable. The authors
proposed using the average amount of violations recorded for
each enforcement activity for the period of analysis (2006 to
2016) as a baseline, which was accepted by the key infor-
mants. This enabled determining the target value (value
above the average amount of for the enforcement activity
type), threshold value (average amount for the enforcement
activity type), and worst value (value below the average
amount for the enforcement type) for the KPIs. Similarly, the
CWS provided data on Harvest surveys (number of migra-
tory birds of different species harvested), Population survey
(number of migratory birds of different species counted),
Waterfowl banding (number of migratory birds of different
species banded), Compliance promotion (number of hunting
summaries sold by province or territory), and Enforcement
measures (number of occurrences of each enforcement activ-
ity) for the MBP and Enforcement Branch, from 2006 to
2016. There were also no benchmarks set to determine the
value of these numbers.Hence, the authors also used averages
as baselines. We defined the target value as the average plus
an extremely small delta compared to the average, threshold
value as the computed average, and the worst as 0.

Step 3 Model correction: To check the correctness of the
models, data corresponding to a year were randomly selected
from the provided data for input into the models of the MBR
and MBP to check whether their evaluation was as expected.
The models were checked against the URNwell-formedness
rules. The authors observed that the selected data contained
some missing information. Whilst the jUCMNav tool does
not allow the entry of blank or missing data, representing
these missing data with “zero” values would influence the
evaluated GRL strategies because zero is not the same as the
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Fig. 4 Overview GRL model of the Hunting Provisions of the MBR and the Bag Limits Section

Fig. 5 Overview GRL model of the MBP, enforcement branch activities, and the compliance promotion activity
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Group not included in the analysis 
for this evalua�on strategy

Fig. 6 Evaluated GRL model showing model elements automatically ignored for a given strategy

absence of a value. This scenario was addressed by ignor-
ing the KPIs that have missing data from the GRL model
during analysis, as if these KPIs were disconnected from
the rest of the model, following Shamsaei’s “Conditional
GRL Algorithm” [48]. Occurrences of missing data (blanks)
were replaced with the special character “#”. This resulted in
jUCMNav ignoring any corresponding GRL model element
for that strategy and redistributing its contributions to remain-
ing contributors dynamically during analysis. As illustrated
in Fig. 6, we see model elements with the absence of values
greyed out in themodel; jUCMNav automatically distributed
their contributions values to other model elements with data
(see the Runtime Contribution comments on the left of the
figure). This conditional algorithm enables the GRL models
to produce reasonable analysis results in the absence of some
data, a situation we came to realise is common in the regu-
latory context. After using this algorithm, it was observed
that KPIs without data for a given year could have data in
other years. As such, themetadata of the intentional elements
these KPIs contribute to were tagged as a group (or type), and
the GRL evaluation strategies were set not to include these
intentional elements during the analysis. One such scenario
is illustrated in Fig. 6.

Steps 4 and 5 Data input and output: After the models
were deemed correct, all prepared datawere fed to themodels
to produce yearly snapshots for 2006 to 2016 of the MBR
and MBP models. Each of the eleven snapshots initializing
the 120 KPIs in the MBR model and 224 KPIs in the MBP
model were evaluated by jUCMNav to produce satisfaction

levels for each element of each goalmodel. These satisfaction
levels were then exported as CSV files.

Steps 6 Extraction: The satisfaction values of the MBR
and MBP models were imported into IBM Watson Ana-
lytics [57] for further analysis. This allowed answering the
question of interested to the CWS, whether the MBP helped
the MBR achieve compliance. The imported data was joined
based on the “Year”, which was common between both mod-
els [58]. The following is an example of the typical analyses
requested by the regulator and enabled by GoRIM.

The annual hunting summaries set bag limits for each
hunting season based on the status of migratory birds. There-
fore, the regulator was interested in knowing whether status
analysis (developing scientifically sound regulations through
bird population surveys, banding of waterfowls and harvest
surveys) has any effects on non-compliance with the bag lim-
its provision of theMBRbetween 2006 and 2016, we queried
“Does status analysis have any effect on Bag Limits?”. The
illustration in Fig. 7 enables putting this query in perspective
using the GRL model.

The visualisation inFig. 8, provided automatically by IBM
Watson Analytics to answer the query, shows that the non-
compliance level of the Bag Limits provision of the MBR
ranges from 24 to 78 on a scale of 0 to 100.Within this range,
when the average performance value of the Status Analysis
activity is at its lowest (49), the level of non-compliance with
the Bag Limit is low (32), although not the lowest. Similarly,
when the average performance value of the Status Analysis
activity is at its highest (66), the level of non-compliance
with the Bag Limits is equally high (54 and 66), but not the
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Fig. 7 Investigating relationships between the GRL models of the MBP Hunting activities (initiative) and of the Hunting provisions of the MBR
(regulation)

Lowest value of Status Analysis
Sa�sfac�on Value of Status Analysis = 49

Non-compliance level of Bag Limit = 32

Highest value of Status Analysis
Sa�sfac�on Value of Status Analysis = 66

Non-compliance level of Bag Limit = 54, 66

Concrete ques�on asked to 
IBM Watson Analy�cs.

Fig. 8 Values of the Bag Limits provision of the MBR for MBP’s Status Analysis activity

highest. This positive but weak correlation could imply that
the Status Analysis activity of the MBP does not improve
compliance with the Bag Limits provision of the MBR.

To further explore this insight, the performance of the
MBP’s Status Analysis activity and the level of non-
compliance with the MBR’s Bag Limits provisions between
2006 and 2016 were compared (Fig. 9). Results show a cor-
relation where, on average, an increase in the performance
of the Status Analysis activity in a year results in an increase
in non-compliance with the Bag Limits provision in the fol-
lowing year. Thus, a positive correlation exists between the
performance of the regulatory initiative in a year and the
level of non-compliance with the regulation in the following
year. In context, it implies that when the number ofmigratory
birds is noticed to be high in a year after the Status Analysis

is done, the CWS increases the Bag Limit provisions of the
MBR for the next year. This increase in Bag Limit provisions
results in a decrease in non-compliance with the Bag Limit
provisions in the following year (an increase in compliance).

The above analysis and others carried out using GoRIM
provided the CWS with evidence confirming that the activ-
ities of the MBP are effective. Furthermore, the observed
positive correlation provides data-driven evidence for the
limits set in the Bag Limits provisions of the MBR.

5.2 Metal mining and effluent regulation case study

In the second case study, the analysis of the regulatory ini-
tiative using GoRIM enabled the Environment Protection
Branch (EPB), a unit of the Industrial sectors, Chemicals and
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Concrete ques�on asked to 
IBM Watson Analy�cs.

Fig. 9 Comparison between values of the Status Analysis activity of the MBP and of the Bag Limits section of the Hunting provisions, by year

Waste (ICW) directorate, to identify drivers that they need
to focus their resources upon to be effective. The ICW is the
arm of Environment and Climate Change Canada (ECCC)
responsible for the Metal Mining and Effluent Regulations
(MMER) [65], which address Section 36 of the Fisheries
Act [66]. The Fisheries Act prohibits the deposit of delete-
rious substances into waters in Canada frequented by fish,
unless authorized by regulations. A deleterious substance
is any substance that, if added to water, would degrade or
alter its quality such that it could be harmful to fish, fish
habitat, or the use of fish by people [66]. The Environmen-
tal Effects Monitoring (EEM) is the regulatory initiative the
EPB uses to administer the MMER. The objectives of EEM
are to (1) assess the effects of effluent on fish, fish habitat, and
the use of fisheries resources, and (2) evaluate the adequacy
of the regulations to protect fish, fish habitat, and the use of
fisheries resources.

Despite compliance with the MMER by mines in Canada,
mining effluents continue to have a negative impact on the
receiving environments. In participating in the case study,
the EPB was interested in a third-party assessment of the
usefulness of the EEM to administer the MMER. The case
study hence focused onmodelling the sections of theMMER
concerned with environmental effects monitoring and on
reporting monitoring (i.e., monitoring whether results are
provided to the government by the mines), as well as of tests
involved in the EEM. After creating models of the MMER
and EEM, data on compliance with the MMER, and EEM
test results from mines regulated by the MMER were fed
to the models. The analysed data from the models were

exported into IBMWatson Analytics to enable visualisation
and further analysis of the compliance with the MMER and
performance of the EEM tests.

Model of the Environmental Effects Monitoring (Sect.
7(1), (2) and (3)), and Reporting Monitoring Result (Sec-
tion 21(1), (3) and Section 22) of the MMER were created.
Key informants at the EPB provided KPIs for measuring
compliance with these sections. The EEM stipulates that
mines subject to the MMER must conduct monitoring tests
to assess the impacts of effluent on a receiving environment.
Themonitoring tests strongly focus on biological monitoring
studies (e.g., fish population survey, fish tissue analysis, and
invertebrate communities’ survey) and other analyses that
bring vital information such as effluent and ambient water
analyses, sub-lethal toxicity testing, and acute-lethality tox-
icity testing. EEM analyses the results of these monitoring
tests to identify trends in effluent-related effects on fish, fish
habitat, and/or use of fisheries resources, and to determine
whether limits in the regulations are protective enough. “The
information obtained through the EEM can be used to deter-
mine the effectiveness of the MMER and provide a basis for
determining the need for enhanced site-specific or national
pollution prevention and control measures” [65]. We used
the indicators of the respective biological monitoring stud-
ies survey and the elements measured in the complementary
measures studies as KPIs in the created GRL models of the
EEM requirements.

Figure 10 shows the part of theMMERGRLmodel focus-
ing on the Environmental Effects Monitoring sections and
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Fig. 10 GRL model of the Environmental Effects Monitoring sections of the MMER (regulation)

Fig. 11 Overview GRL model of the EEM requirements (initiative)

Fig. 11 gives an overview of the GRL model of the EEM
requirements.

For the MMER sections, compliance was binary; mines
were either in compliance or not. Hence, for the KPIs, the
defined target and threshold valueswere the same. Theworst
value of each KPI was defined as not compliant, signifying
that therewas evidence that themine did notmeet the require-
ments of the sections. Regarding the EEM requirements, the
different categorizations of test results were used to set the
KPI’s target, threshold, and worst values. Details on these
studies and tests require an understanding of the water biol-
ogy and are hence omitted here.

After defining the KPIs of the MMER and EEM, from the
provided data of 25 mines, from 2002 and 2014, data for a
year was selected at random, and fed to the models to check
whether their evaluationwas as expected.After correcting the
models as necessary and when the models were deemed cor-
rected, all prepared data were fed into the models to produce
yearly snapshots for 2002 to 2012 of the MMER and EEM.

The GRL models in this case study were also large. There
were 38 intentional elements (21 goals and 17 KPIs), and
201 GRL evaluation strategies spread across three diagrams
in the MMER regulation’s model. The EEM model had four
diagrams, one for the complementary measures study and
water quality study, one for the biological monitoring, one
for the overview, and one for the conditions that address the
absence of data. ThisEEMmodel had 57 intentional elements
(2 goals, 15 tasks, 1 resource, and 39 KPIs), 210 evaluation
strategies for the complementary measures study and water
quality study, and 25 evaluation strategies for the biological
monitoring study. Not all mines existed or had data for each
year.

Analysis of the GRL models of the MMER showed full
compliance. All 25 mines complied with the Environmental
Effects Monitoring and ReportingMonitoring Result section
of the MMER. To answer if the EEM was useful to admin-
ister the MMER as required by the EPB, we carried out the
additional analysis explained below.

123



GoRIM: a model-driven method for enhancing regulatory intelligence 1629

Signifies the target of 100% Least predic�ve drivers

Blue signifies the presence of 
a single factor as a driver

Orange signifies 
the presence of 
a combina�on 
of two factors 
as driver

Fig. 12 Least-impactful drivers of the complementary measures study and water quality study from 2002 to 2014

The societal objective of the complementary measures
studies and water quality studies is the “adequacy of the
MMER to protect fish, fish habitat, and the use of fisheries
resources”. Based on the resources involved by mines in car-
rying out the required studies, it becomes useful to identify
what contributes the least to these activities.Hence, our query
for IBMWatsonAnalytics was “What contributes the least to
achieving the objective of the complementary measures stud-
ies and water quality studies?”. The visualisation selected
by IBM Watson Analytics, illustrated in Fig. 12, shows that
with a predictive strength of 11%, the “Rainbow Trout Test”
and its KPI “MeanMortalityRate_RT”, which assesses the
mortality rate resulting from the exposure of rainbow trout
to effluents, have the least predictive strength between 2002
and 2014. The values, while significant, are further out in the
spiral graph, far away from the strongest predictive strength
target of 100% found the middle of the spiral graph. This
implies that they have the weakest correlation with achiev-
ing the objectives of the complementary measure studies and
water quality studies.

Situating this result in the GRLmodel for the complemen-
tary measure studies and water quality studies, illustrated in
Fig. 13, we can put this weak correlation of the “Rainbow
Trout Test” in proper context in relation to the overall objec-
tive of the studies. This identification of “least-impactful
drivers” is a feature derived from the evidence that triggered
discussions among the EPB’s key informants on the need
to monitor these tests considering the time and resources

involved. Although the authors were not privy to the out-
come of this discussion, this insight provided to the EPB
could lead to potential cost-saving and time-saving opportu-
nities by focusing on other indicators of higher impact.

5.3 Safety regulation case study

Thefinal case study demonstrates the applicability ofGoRIM
in the safety domain with a government agency that prefers
to remain anonymous. In this case, GORIM is applied in
a situation characterized by very sparse data. The govern-
ment agency oversees the safety of facility and infrastruc-
ture projects and as such, has twelve different regulations
with which companies must comply. The agency ensures
compliance through having companies self-report on their
activities using five different tools. This self-reporting of
non-compliance is called Management Systems. In addition,
companies must report on (1) Measures 1: A historic view of
a company’s performance in relation to reports of incidents
(release of substances, injuries, etc.); and (2) Measures 2: A
prediction of a company’s performance.Amix ofMeasures 1
and 2 provides an overview of a company’s ability tomeet the
regulations. This mix, called the “Safety, Security and Envi-
ronmental Protection” (SSEP) function, is the regulatory
initiative employed by the government agency to admin-
ister its regulations. Consequently, this case study focused
on modelling the Management Systems (self-reporting non-
compliance with the twelve regulations) and the activities
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Least like to predict the objec�ve 
(Predic�ve strength of  11%)

Objec�ve

Fig. 13 GRL model showing the least-impactful drivers of the complementary measures study and water quality study from 2002 to 2014 in proper
perspective

that constitute the SSEP function to determine if these activ-
ities help the Management Systems.

A GRL model of the twelve regulations was created. The
five tools used by companies to self-report against each reg-
ulation were used as the KPIs in this model. As a norm,
companies use these tools independently for each regulation.
For example, the same tool can be used to report compli-
ance to regulation 1 and regulation 8 independently. As in
the first case study, KPIs were ranked based on their per-
ceived importance in identifying non-compliance to derive
their contribution values. A GRL model of the SSEP func-
tion, including its activities, was also created. The indicators
already in use for Measures 1 and Measures 2 were used as
KPIs in the SSEP model (with averages again used to deter-
mine the target, threshold, and worst value parameters for the
KPIs).

Available data were prepared for input into the GRL
models. Data were unfortunately missing for the twelve reg-
ulations from 2008 to 2015 and from 2015 to 2017 for
Measures 1 andMeasures 2.As described in Sect. 5.1, occur-
rences of missing data were distinguished from zeros with
the special character “#”. Five groups in the model of the
regulation and three groups in the model of the SSEP func-
tion, for conditionswith no data,were created. The respective
intentional elements in each of the evaluation strategies were
tagged with these group labels. Shamsaei’s “Conditional
GRL Algorithm” [48] was then used to ignore all KPIs that
do not have any data. The resulting GRLmodel of the twelve

regulations comprised 21 diagrams, 303 intentional elements
(132 goals, 170 KPIs, and 1 resource), and 10 evaluation
strategies. The GRL model of the SSEP function (the initia-
tive) had 10 diagrams, 160 intentional elements (1 goal, 30
resources and 129KPIs), and 10 evaluation strategies. Due to
the presence of confidential information, thesemodels cannot
not be presented in this article.

Afterwards, themodel satisfaction values for theManage-
ment Systems and performance of the Safety, Security and
Environmental Protection function were exported. Unfor-
tunately, owing to the absence of much data, results from
analyses conducted with IBM Watson Analytics provided
limited insights. For example, our query to IBMWatsonAna-
lytics to determine the effects of the SSEP function on the
Management Systems resulted in the visualisation in Fig. 14.
This figure shows that there appears to be a trend in the SSEP
function resulting from the level of effort required to iden-
tify non-compliance with the regulations (the Management
Systems) between 2008 and 2016. Despite the presence of
multiple blanks (missing data), IBMWatson Analytics made
this projection based on the whole dataset. Hence, it was
impossible to ascertain what the trend really meant since
the trend projections were based on the presence of multiple
blanks (missing data) in the analysed data.

To address the issue of missing data and provide more
meaningful insights on whether the self-reporting initiative
helped to comply with the regulations, synthetic data were
used. Some data were randomly generated under assump-
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Fig. 14 Sample visualisation with sparse or no data in IBM Watson Analytics

tions discussed with the key informants, such as perceptions
on self-reporting for the tools by companies. The synthetic
data were combined with the sparse data and fed to the
GRL models of the Management Systems and of the SSEP
function, and the new model satisfaction values exported.
Although analysis of the new satisfaction values provided
some interesting insights, they provided relationships that
required further analysis to provide a clearer picture. The
key informants decided not to pursue the analysis further
but were pleased with the potential of the approach provided
enough data becomes available.

In conclusion, this case study gave us the opportunity to
address a real-life scenario with very sparse data, but with
the same requirement of supporting decision-making regard-
ing the evolution of regulations. Our use of synthetic data
allowed us to determine how this could be accomplishedwith
GoRIM. The use of the synthetic data was informative to the
government agency on the type of data they should collect
to enable them to make decisions regarding the evolution of
their regulations, and this proved to be of high interest to
them as they saw an opportunity to propose benchmarks and
simulate whether responses from companies were sufficient
or not. Furthermore, our use of GoRIM in this case study also
motivated the agency to start collecting data more rigorously
on compliance, on the regulatory initiatives, and on societal
objectives as they saw practical usefulness of what the data
allowed them to assess. The agency also became better aware
of technological opportunities and needs for processing and
reporting on this data,which guided them in expressing better
requirements for future software acquisitions.

6 Evaluation

6.1 Results of surveys on the applicability
and perceived usefulness of GoRIM

This section presents the results of the two sets of sur-
veys conducted to evaluate GoRIM, as presented in Sect.
3.2. These surveys (see http://bit.ly/GoRIM-supp for details)
included questions on demography (i.e., responsibility level
of the key informants, years of experience in the level,
and their duties), Likert-scale format questions to measure
responses about agreement or disagreement (strongly agree
+ + , agree + , neutral 0, disagree −, or strongly disagree –),
and open ended questions. The key informant responses to
demography and Likert scale questions (for both iterations)
are shown in Table 3. Note that a subset of eleven key infor-
mants could answer the first survey, and only five answered
the second survey (no survey results were discarded). The
very last row indicates how many of these five key infor-
mants changed their mind towards more negative or positive
scores.

The questions on the applicability of GoRIMwere admin-
istered after GoRIM was used to capture and derive insights
on the regulator’s individual regulatory context.As illustrated
in Table 3, there were two questions on the perception of the
key informants on whether their respective agencies were
monitoring and reporting on regulations (Q3) andwere doing
formal reviews of regulations (Q4). In both cases, the partic-
ipants had a similar or lower score after the second iteration
of GoRIM, suggesting that some people better understood
what was actually feasible and required in these important
regulatory activities and their own maturity in these areas.

123

http://bit.ly/GoRIM-supp


1632 O. Akhigbe et al.

Table 3 Key informants’ responses to questions on the first and second questionnaires

Two questions targeted the accuracy of the GoRIM mod-
els of the regulations (Q6) and regulatory initiatives (Q7),
including their structure and KPIs. Most key informants
were satisfied with both types of models, especially after
the second iteration. A similar positive level of agreement
(especially after the second iteration) was observed for Q8,
on the extent to which GoRIM models show the objective
of the regulations and the resulting relationship between
the regulations and supporting regulatory initiatives. These
answers hence support that GoRIM’s GRL models are good
and accurate representations of regulations and their related
initiatives.

For Q9 on whether GoRIM is useful for measuring com-
pliance levels of the modelled regulations, after the second
iteration, two of the six key informants responsible for reg-
ulations (in the “Level” column) agreed while the other four
were neutral. Question Q10 assessed whether GoRIM is use-
ful for assessing how measured compliance levels translate
to the objective of the regulation. Table 3 shows that five key
informants changed their views after the second iteration of
GoRIM: three were more positive and two were more neg-
ative, suggesting mixed feelings about the latest version of
GoRIM for that aspect. One potential issue here is the fact
that the societal objectives (which indirectly provide regu-
lation objectives) were not modelled separately in the case
studies. Similarly, question Q11 focused on whether GoRIM
is useful for assessing how well the regulations meet their
objectives. Four key informants changed their views after
the second iteration of GoRIM; three had a more positive
view and one had a more negative view, resulting in a fairly
neutral level of agreement overall.

The last question (Q12) assessedwhetherGoRIM is useful
for monitoring and reporting on the performance of the regu-
lation. Table 3 shows that three key informants changed their
views after the second iteration of GoRIM for amore positive
answer. Overall, three key informants agreed that GoRIM is

useful here while seven were neutral and one strongly dis-
agreed. There is hence a slightly positive agreement about the
perceived usefulness of GoRIM for performance assessment,
especially among the more senior participants.

The questions on the perceived usefulness ofGoRIMwere
administered afterGoRIMhadbeen applied to answer perfor-
mance questions of interest to key informants, and elicited
responses on GoRIM’s ability to demonstrate whether the
regulation and regulatory initiatives were effective. These
were open-ended questions. We used the thematic analysis
method of Braun and Clarke [67] to identify themes in the
feedback obtained from the key informants on the perceived
usefulness ofGoRIMquestionnaires, with details of the anal-
ysis available at http://bit.ly/GoRIM-supp. The feedback and
suggestions were used to improve GoRIM. In particular, the
Data Preparation and Model Correction steps (i.e., Steps 1
and 2 in Fig. 2) were explicitly added. Modified models and
analysis results were then sent to key informants to assess
their perceptionofGoRIM’susefulness.Wediscuss this feed-
back in Sect. 6.2.

6.2 Key informant feedback

Key informants’ feedback focused largely on the capabilities
provided by the method and its accompanying tools, particu-
larly in relation to the visual representations it generates and
the analytical support it provides. The informants also iden-
tified perceived challenges to using GoRIM in professional
contexts, including the lack of sufficient data available for
analytics. We present a synthesis of key informants’ feed-
back below, including supporting quotes where appropriate.

Capabilities provided by GoRIM

• Comprehension and communicationA recurring comment
made by key informants was the way in which GRL mod-
els, as visual representations, supported the description,
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comprehension, and communication of the regulations
they managed. The fact that models showed all regulatory
components (related to regulations, regulatory initiatives,
and intended societal goals) side-by-side was often men-
tioned as a source of comprehension, with one participant
(RX01 in Table 3)mentioning that “Thismakes [the] range
of the impact of the regulation easier to see and under-
stand”. Evaluated models generated through Step 4 were
seen as a tool that could help various units within a regu-
lation agency to communicate and align their efforts and
goals.

• Understanding of relationships among regulatory compo-
nents and objectives Several key informants discussed the
visual capabilities of evaluated GRL models in terms of
the visual and granular links that they established between
regulatory activities and regulatory objectives. One par-
ticipant (CWS02) stated “I think the model accurately
describes the program and its various components in a
useful and helpful visual.”, while another (RX04) stated,
“…the process has forced us to look at clear connections
between regulatory provisions and our desired outcomes.”
These depictions, as well as the process of creating the
models, were perceived to support thinking and reflec-
tion, and to encourage further analysis. This capability
provides important support to the evolution of regulations
and regulatory activities: “By modelling the connection
between regulation, expected outcome, and compliance, it
encourages/allows regulators to be more thoughtful about
whether certain activities or regulations are actually use-
ful or the best way to achieve an outcome”, as participant
(RX03) mentioned.

• Identification of where to target efforts Several key infor-
mants stated that GoRIM could help them identify areas
for improvements in the regulations and regulatory activ-
ities that they manage, hence helping them to target their
efforts towards these specific areas. While one participant
(EPB01) mentioned that “… The potential value that I
see is the possibility of better identifying the factors that
could best be followed to indicate the degree to which
the objectives of the regulations, those being minimiza-
tion of effects on fisheries resources, are being achieved.”,
another (RX02) stated that “This information could help
us in determining where to focus our compliance verifica-
tion efforts andwhere to focus our regulatory improvement
efforts”. The notion of targeting regulators’ efforts extends
to data collection, as some key informants noted that iden-
tifying areas onwhich to focus implied identifying specific
areas on which to collect more data. The analysis of the
relations between regulatory components and objectives
(not just their representation) was perceived as provid-
ing this capability. In particular, the ability to join varied
datasets and to summarize them through evaluated KPIs
was emphasized as key to targeting efforts.

Challenges to using GoRIM in professional contexts

Insufficient data Many key informants stated that a chal-
lenge to using GoRIM was the lack of sufficient data
available for analytics purposes at their organisation, for
example: one participant (EPB03) noted that “GoRIM
would support [the process of obtaining feedback on
the performance of regulatory initiatives] if the model
is finalized and if a sufficient amount of data is used to
run GoRIM”. Several key informants disclosed that the
amount of data currently available to their organisations
were not sufficient for a valid analysis. However, this
situation was not perceived as a final state, since “Know-
ing how [GoRIM] operates could be very useful as we
make changes to our compliance tools going forward”, as
observed by one participant (RX03).
Model complexity Several key informants mentioned the
size and complexity of GoRIM models as a deterrent to
their use in a professional environment, e.g.: “I think the
presentation [model] overall could be made much more
palatable and understandable.”, (CWS02), “Model seems
complex” (EPB02), and “The model is large so won’t be
easily accessible/digestible by many Staff” (RX02). One
suggestion to address this concern was to select and focus
on the KPIs that are most directly related to a regulation’s
requirements. However, this suggestion leads back to the
first challenge identified above, since the identification of
these KPIs should rely on the analysis of a large dataset
of historical data able to determine, for example, which
KPIs have the most predictive power. As a counterpoint
to these comments, some key informants felt that models
were not complete enough and should capture additional
information such as external variables that could impact
regulations and the level of enforcement efforts dedicated
to compliance with a given regulation. These comments
reflect the models developed through interactions with key
informants, since GoRIM does not preclude the inclusion
of such information. Nevertheless, the amount of infor-
mation captured by GoRIM models and the complexity
of models presented to users may best be understood as a
trade-off to be addressed on a case-by-case basis.
Difficulty of correctly weighting contributions to model
goals While developing the models, some key informants
mentioned that the importance given to varied regulatory
components in relation to goal achievement (i.e., weights
assigned to contribution links) was incorrect. Indeed, as
stated in Step 1, while GoRIM supports the partially
automated development of models for regulatory texts,
these documents typically do not contain quantified infor-
mation on the relative importance of sub-components.
Determining that importance thus requires domain exper-
tise. While regulators themselves can often provide such
knowledge, one key informant noted the need to involve
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regulatory program experts in assigning weights to factors
to ensure useful results. While this comment implies the
need to achieve consensus among stakeholders, different
categories of stakeholders may have different views on
weights. GRL models can accommodate the resolution of
conflicting views using for example AHP [68], as well as
different sets of weights to remember conflicting perspec-
tives and analyse them separately [45, 50].

While these findings are exploratory in nature and would
benefit from being validated more formally, for example
through a large-scale survey, they indicate the relevance of
using GoRIM within regulatory organisations. Indeed, the
capabilities that key informants identified as stemming from
GoRIM—intra-agency communication, visualization at dif-
ferent levels of granularity, and support to data collection
planning—can act as enablers of timely and evidence-based
decision making about regulations. Moreover, they suggest
the feasibility of using GoRIM since the three challenges
identified—insufficient data, model complexity, and dif-
ficulty of weighing contributions—can all be mitigated.
Improved data collection planning should, over time, help
to address data needs; existing modelling expertise within
regulatory agency could be drawn upon to mitigate mod-
els’ complexity; and, improved inter-agency communication
using models could help achieve consensus about correct
weighting of contributions.

Additionally, the DSR methodology we employed in the
creation and evaluation of GoRIM afforded us the oppor-
tunity to correct and improve GoRIM to its current state.
Feedback from key informants enabled the iteration of the
steps of GoRIM from its initial format in [58] to its cur-
rent state described in Sect. 4. We removed the “Select” step
where questions to be answered are selected and added the
“Data Preparation” step where sample data are tested on the
data. Also, the “Model Correction” step, where the mod-
els are checked against well-formedness rules and sample
strategies from the regulator and then corrected to ensure
the analysis behaviour is aligned with the given regulatory
context,was also addedbasedon feedback from the key infor-
mants.

7 Discussion

The development and evaluation of GoRIM highlighted key
benefits to regulators, including the possibility to monitor
effectiveness at a much higher frequency than what is cur-
rently done in practice nowadays, potentially leading to faster
regulatory review and evolution processes, and many other
points already discussed in the previous section.

This section discusses further opportunities of applica-
tions of GoRIM, while identifying limitations of the method
and general threats to the validity of this research.

7.1 Opportunities

As previously observed by Braun et al. [69], many regula-
tions are not written in ways that support simple compliance
and performance measurements. For example, indicator
definitions and data considerations usually come as an
afterthought, once regulatory text or regulatory initiative
projects are already produced. GoRIM-related discussions
with our key informants made them realise that indicator
definitions and availability of data should also be taken into
consideration while drafting regulatory text and initiative
projects, so alignment between data, indicators, and regu-
lations/initiatives is optimized. GoRIM could hence have an
indirect impact on how regulations and initiatives are actually
drafted. The increasing availability of large sets of open data
should also be considered as an opportunity at that level,
especially as they have been shown to be useful in other
contexts (e.g., sustainable business ecosystems) where KPIs,
goal models, and business intelligence were used [47].

Opportunities surrounding the use of GoRIM also exist
for software developers. The results of the previous section
already highlighted the enhanced understanding that using
GoRIM brings in relation to the data that must be collected
to feed indicators in a regulatory intelligence context. They
also showed that GoRIM could be used to identify data and
indicators that could stop being collected and computedwith-
out affecting the quality of the decision-making process.
We adapted existing tools to support GoRIM, but there are
still other opportunities for better integration of goal mod-
els in business intelligence/analytics environment, for the
proper visualisation and navigation of large goal models by
non-experts (especially for their validation prior to feeding
evaluated model data to a database), for the generation of
alerts and sharable reports, and maybe for dedicated GoRIM
tools.

Although GoRIM has focused mainly on regulatory intel-
ligence, similar problems exist for software and system
certification, where compliance to standards (instead of reg-
ulations) is the main objective. Although many existing
approaches help software and systems engineers demonstrate
compliance to standards for certification purpose [70], to our
knowledge, there is no approach that attempts to assess the
performance of the standards themselves, across multiple
certification exercises, and enable evidence-based decision-
making for their evolution. GoRIM could likely be adapted
to such context. This is even more important for certifica-
tion authorities in emerging and quickly evolving application
areas such as autonomous vehicles [71, 72], where lives are
at stake, and also financial technologies (FinTech), including
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blockchain-based systems, where critical digital assets are
being managed [73].

7.2 Limitations

Despite its contributions, this research suffers from several
limitations. The first limitation is related to the creation of the
GRL models used in the three case studies. All GRL mod-
els were indeed created by one of the authors of this article,
in collaboration with co-authors, because the key informants
did not have the required modelling skills. This could raise
questions on the applicability of GoRIM since other reg-
ulators may also lack the required expertise to create and
analyse GRL models. This limitation is partly overcome by
describing the varied roles that are required to apply GoRIM
in Sect. 3.2, which include a “Modeller” with goal modelling
skills. The choice of IBM Watson Analytics to support fur-
ther analysis in the case studies was also a deliberate choice
in this regard, since this off-the-shelf tool supports requests in
natural language and is easy to use by people familiar with
other analytics tools. Note that GoRIM was also recently
used with another commercial tool (IBM Cognos Analytics
11 [57]) and that other analytics tools that meet the require-
ments started at the end of Sect. 4.3 could also be used.

A second limitation is related to the application domains.
The case studies in which GoRIMwas applied are not reflec-
tive of all domains that regulators cover. However, the case
studies present three different domains with different regula-
tory challenges and regulations. They also represent different
levels of data variability and quality, and each provides a var-
ied mix of roles related to the monitoring of regulations and
initiatives. Nevertheless, applying GoRIM to other domains
and jurisdictions would confirm the scope of applicability of
the method and its supporting tools.

The third limitation results from a partial evaluation
of GoRIM’s steps. Although we demonstrated the use of
GoRIM through three case studies involving real regula-
tors from different contexts, our evaluation mainly addressed
the effectiveness of regulations and regulatory outcomes.
Societal outcomes were not modelled separately, and their
indicators were not populated with data. However, as seen in
Fig. 1, the dimensions of societal outcomes data are very sim-
ilar to that of compliance data and regulatory initiatives data.
Moreover, models for societal outcomes are homomorphic to
models for regulatory initiatives, as they are both instances of
the same conceptual metamodel. Hence, the approach taken
to model and explore relationships between regulatory ini-
tiatives data and compliance data should be applicable to the
modelling and exploration of relationships between social
outcome data and compliance data. Moreover, there is no
foreseen conceptual challenge in adding additional dimen-
sions for analysis purposes. Yet, practical challenges might
exist. For example, in relation with the creation of the soci-

etal outcomemodels (as there are fewer formal documents on
outcomes than on regulations), the provision of data (which
likely come from sources external to the regulator) and to the
analysis (as it might be difficult to isolate the contributions of
a given regulation on large-scale societal outcomes). Finally,
the evaluation of GoRIM presented in this paper relies on
a small number of key informants and their subjective per-
spectives, rather than on objective measures such a time and
costs comparisons with the methods they currently used, to
assess if the use of GoRIM would increase the efficiency of
regulatory monitoring.

8 Related work

Previous research in goal-oriented modelling has provided
a number of approaches and tools that served as a basis
for GoRIM. As the domain of regulation shifted its focus
in the past decade to measuring the achievement of regula-
tory goals rather than on prescriptive ways of achieving these
goals, GRL has been used to develop methods and tools for
performance modelling of regulations [18, 51]. These meth-
ods allow transforming regulatory text into goal models and
defining KPIs for the regulation’s sub-parts in order to eval-
uate goal achievement, hence compliance to the regulation.
Such goal models can then be used as analytical dimensions
in business intelligence tools to evaluate the performance of
the regulation based on collected compliance data. GoRIM
extends these concepts tomodels of regulatory initiatives and
societal outcomes.

Other approaches have been derived from GRLaw and
Legal-GRL, which extend GRL to model legal require-
ments that can be linked to organisational goal models in
order to assess the impact of regulations on organisational
goals [74–76]. While this research provides the grounding
for GoRIM’s model creation step and its use of regulatory
data for business intelligence, it is not organized as a com-
prehensive method that can be used by practitioners for the
purpose of regulatory intelligence, especially from a regula-
tor’s perspective.

Similarly, goalmodellingwasused invarious software and
system development activities (e.g., to better comply with
legal security requirements [77]) but also certification activ-
ities [70]. However, this was mainly done in contexts where
systems must comply with different laws or standards, from
the developer’s perspective, without measuring whether the
laws and standards themselves were effective and whether
they should be modified based on data from multiple certifi-
cations.

Another related body of work focuses on business process
compliance, hence supporting the analysis of the compliance
of organisations and their processes to regulations [78, 79].
Research on business process compliance has been pursued
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in several fields, including Requirements Engineering, Nat-
ural Language Processing, Formal Methods, and Artificial
Intelligence (e.g., by Jiang et al. [80]). Of particular interest
is the Legal-URN framework, which extends URN to allow
the comparison of different interpretations of a regulation on
the compliance level of business processes [81]. The Legal-
URN framework has also been combined with Eunomos,
a legal knowledge and document management system, to
establish and manage compliance and hence assist decision-
making and reporting [82]. Another modelling language for
regulatory compliance, Nòmos 3, focuses on evaluating if a
software system complies with relevant laws by modelling
the law itself, the requirements of the system, and the roles
that are responsible for complying with the law [83]. This
body of work is thus focused on organisational or system
compliance to regulations, rather than on measuring regu-
lations’ impacts (or lack thereof) and whether regulations
should evolve.

Goal-oriented modelling has also been used to drive busi-
ness intelligence (BI) activities in general [56], from the
design of data warehouses [84], BI architectures [85], and BI
systems [86, 87], to the use of goal models in the selection
of appropriate dashboard visualisations [88]. These com-
bined applications of goal modelling with BI are orthogonal
to the regulation-based and performance-oriented method
presented in this paper but could also be used to address
complementary implementation concerns.

Finally, many non-goal-oriented approaches were used to
reason about legal requirements [24], but most again focus
on the needs of regulated parties rather than on those of reg-
ulators, and few are actually driven by data. One notable
exception is the use of UML and OCL by Soltana et al. [89]
for simulating the potential impact of modifications to legal
policies. Their work is however not targeting the continuous
monitoring of the performance of existing regulations, which
is essential in a regulatory intelligence context.

9 Conclusion and future work

The practical problem addressed by this research is the lack
of support provided to regulators for ongoing evaluation of
regulations’ performance and the evolution of regulations
based on evaluation results, hence for reviewing regulations.
For regulators, demonstrating the performance of the regu-
lations they administer is also desirable to build trust in the
regulatory system and to demonstrate that they operate with
transparency and responsiveness to all stakeholders in the
regulatory ecosystem. Current methods for evaluating regu-
lations either have a scope that is too narrow for this purpose
(e.g., focus on costs) [4, 13], or use impact analysis methods
that imply significant delays and costs [1].

GoRIM provides a solution to regulators’ needs by pro-
viding modelling guidance and tools for leveraging existing
and future datasets in a manner that may support timely,
evidence-based decision-making. While GoRIM builds on
existing research on the use of goal modelling for evaluating
regulated parties’ compliance and existing business intelli-
gence practices and tools, it provides novel capabilities for
understanding and analysing a regulatory ecosystem by sup-
porting a transparent capture and analysis of regulations,
multi-dimensional data, and performance indicators. GoRIM
is thus alignedwith current regulatory practices of identifying
and linking performance indicators and regulatory activi-
ties through logic models [90], but provides much-needed,
actionable support for ongoing evaluation and evolution.

Indeed, logic models graphically depict the shared rela-
tionships among the resources, activities, outputs, outcomes,
and impact for the program, but do not support the quan-
titative analysis and understanding of these relationships in
terms of success of a regulatory program and, indirectly, of
the performance of the regulation. In contrast, the results
of data analysed by following GoRIM steps facilitate con-
versations on the relevance of indicators that measure each
dimension and, hence, inform the regulator where data col-
lection could be minimized. They also provide opportunities
for traceability of regulatory effectiveness as the models can
be monitored and analysed continually to show how well (or
not) a regulation is performing. Moreover, the goal models
created through GoRIM can help regulators identify which
types of data to collect in order to support a comprehensive
analysis of a regulation’s effectiveness.

The model-driven nature of GoRIM is hence core to its
contribution. GoRIM relies on goal-oriented modelling and
data analytics, provides a structure that enables early and con-
tinuous intervention in the regulatory ecosystemand supports
decision-making related to the evolution of regulations and
associated regulatory initiatives. As such, GoRIM provides
a systematic model-driven approach, with related tools, for
regulatory intelligence. Of particular interest are (1) the use
of a requirementsmodelling standard (GRL) to formalize and
visualise initiatives, regulations, and societal models, (2) the
use of these structures as dimensions for analysis and report-
ing, and (3) the use of off-the-shelf analytics tools to detect
correlations between these complementary views.

Our three case studies have highlighted a good applica-
bility of GoRIM to different regulatory contexts, and our
evaluation further indicates good perceived usefulness. Feed-
back from regulators showed that, despite some perceived
challenges in using GoRIM in professional contexts, such as
the lack of sufficient data and the complexity of the goalmod-
els, the method provides capabilities that can be important
to professional regulator practices, such as improved under-
standing of regulations and relationships among regulatory
activities and objectives, improved communication among
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varied regulatory stakeholders, and support to data collec-
tion planning.

In the future, we intend to apply GoRIM to more regula-
tory contexts as a way of further evaluating and improving
GoRIM as a method to show the effectiveness of regula-
tions. Selected case studies would ideally provide access to
data on all three dimensions—regulatory initiatives, regula-
tions, and societal outcomes—and be longitudinal in nature
to evaluate GoRIM’s ability to support an ongoing monitor-
ing and evidence-based decision-making. A special attention
needs to be paid to the second loop between regulations and
societal outcome models in Fig. 1. We also plan to address
some of the limitations identified in the previous section,
and explore some of the opportunities identified, including
the adaptation of GoRIM to the software/systems engineer-
ing standardization and certification contexts. Taking these
different contexts explicitly into account would also help
identify and better formalize method fragments in GoRIM
that are only relevant in or need to be tailored to particular
situations (e.g., what consensus-building approach to select
for quantifying contribution weights in goal models). In par-
ticular, situational method engineering [91] could help refine
GoRIM more systematically here. There are also opportuni-
ties to better relate our metamodel (Fig. 3) to existing legal
ontologies and benefit from their conceptual foundations, and
also to improve the visualization of GRL models for regula-
tory intelligence purposes, along the lines proposed byGriffo
et al. for legal models [92]. In addition, although our work
in showing how data analytics supports the decision-making
process is an addition to how current methods provide frame-
works for better leveraging data analytics tools, limitations
in terms of data availability is still an issue. We intend to val-
idate our approach to the absence of data discussed in Sect.
5.3 as well as explore further approaches in this regard.
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Appendix A: Selected well-formedness rules
for GRLmodels

In step 3 of our method (Sect. 4.3), the modeller checks the
GRLmodels against well-formedness rules, listed in Table 4.
These 19 rules are user-selectableOCL constraints supported
by jUCMNav [45].Violations to these rules are reported auto-
matically by jUCMNav, which then highlights the violating
model elements. Satisfying these rules helps ensure that the
input models satisfy specific static properties that go beyond
standard URN.
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Table 4 Mapping between regulatory initiatives (or societal outcomes) and GRL model elements

# Rule Name Description

1 GRLactorEmpty GRL actor is empty

2 GRLactorNoCLASSTYPE ST_CLASSTYPE stereotypes cannot be used on actors

3 GRLactorNoCycle GRL actor must not be part of a containment cycle

4 GRLactorWithoutRef GRL actor definition without reference

5 GRLconditionDependeeOfIE A GRL resource with a ST_CONDITIONTYPE metadata must be
a dependee of an intentional element

6 GRLconditionNotADepender A GRL resource with a ST_CONDITIONTYPE metadata cannot
depend on anything else

7 GRLcontributionRange GRL quantitative importance must be between 0 and 100

8 GRLdependencyEvaluation-Consistency The depender of a GRL dependency should not have an evaluation
value higher than its dependee’s

9 GRLgraphEmpty GRL graph is empty

10 GRLimportanceRange GRL quantitative importance must be between 0 and 100

11 GRLincomingContributions-NotMore Than100 Contributions to an intentional element must not sum up to a value
higher than 100

12 GRLindicatorThreshold-Consistency Indicator threshold value must be between the target and worst
values

13 GRLintentionalElementIn-ManyActors GRL intentional element must not be bound to more than one actor

14 GRLintentionalElemWithoutRef GRL intentional element definition without any reference

15 GRLintentionalLinkWithoutRef GRL intentional link definition without any reference

16 GRLintentionElemInsideBut-Unbound GRL intentional element is visually contained by actor but is not
bound to it

17 GRLnoOverlappingActors GRL actor boundary must not overlap with the boundary of another
actor

18 GRLnoOverlappingIEonActor GRL intentional element must not overlap with the boundary of an
actor

19 GRLstrategyWithIncorrect-XORinit GRL strategy initializes more than one child of an XOR
decomposition
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