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Abstract. Business Intelligence (BI) projects are long and painful endeavors 
that employ a variety of design methodologies, inspired mostly by software 
engineering and project management lifecycle models. In recent BI research, 
new design methodologies are emerging founded on conceptual business 
models that capture business objectives, strategies, and more. Their claim is that 
they facilitate the description of the problem-at-hand, its analysis towards a 
solution, and the implementation of that solution. The key question explored in 
this work is: Are such models actually useful to BI design practitioners? To 
answer this question, we conducted an in situ empirical evaluation based on an 
on-going BI project for a Toronto hospital. The lessons learned from the study 
include: confirmation that the BI implementation is well-supported by models 
founded on business concepts; evidence that these models enhance 
communication within the project team and business stakeholders; and, 
evidence that there is a need for business modeling to capture BI requirements 
and, from those, derive and implement BI designs. 
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1   Introduction 

Organizations that choose to adopt Business Intelligence (BI) solutions face major 
risks and frequent failures [1]. Prominent among these risks is the conceptual 
impedance mismatch between business users and data sources. Business users think in 
terms of goals, action plans, initiatives, processes, risks, and metrics. Data sources 
contain records representing entities that might be relevant or not to the problem that 
business users want to address. Successful linking of the two worlds is not an easy 
task. Existing BI platforms are not designed for business users, and inevitably BI 
projects end up being IT projects that follow traditional software lifecycle models, 
and require professionals with the right mix of technological and business skills. 
Consequently, there is a pervasive risk that the end result of a BI development project 
may not deliver full value to business stakeholders. 

 We have been developing a strategic business modeling language, named BIM 
(“Business Intelligence Model”), intended to support the description of organizations 
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at a business level. In BIM, an organization is modeled in terms of its strategic 
objectives and tactical plans [11], along with the situations that can affect them. BIM 
also supports the notions of indicator to measure performance [9], and business 
process to represent “means” for the achievement of objectives, or operationalization 
of plans. The ultimate goal of BIM is to support creation of conceptual strategic 
models of an organization. 

Our hypothesis is that the conceptualization of BI problems and solutions in terms 
of business concepts rather than technical ones, reduces the BI implementation 
complexity and risks mentioned above. The use of such concepts strengthens 
communication among BI solution designers and end users during the project 
planning and business requirement phases. 

To test this hypothesis, we have conducted an in situ case study in a healthcare 
organization during BI implementation. The case study involved researchers working 
side-by-side with a BI development team. The goal of the research team was to 
shadow the implementation effort, and generate models that capture the requirements 
and design choices of the implementation. The study objective has been to investigate 
whether or not these models are actually useful in the definition of BI requirements 
and the design of BI solutions. 

The main questions we have attempted to answer in this case study are: (i) What is 
the value of BIM in a BI implementation project? (ii) Are the primitive concepts of 
BIM adequate for supporting business modeling needs? (iii) Who are the users of 
BIM? (iv) Can BIM be used in conjunction with state-of-practice methodologies for 
developing BI solutions? (v) How does BIM facilitate the transition from business 
models to database schemas, queries, and data? 

The case study offers evidence that, indeed, BIM is founded on a useful set of 
primitive concepts for describing BI problems, and supporting the design of BI 
solutions. In addition, the case study showed us the way in defining a BI-specific 
requirements analysis phase, and in defining a hybrid approach for designing data 
marts that fits one of the de facto standard methodological frameworks for data 
warehousing and BI solutions. 

The rest of the paper is structured as follows. Section 2 offers an overview of the 
project the case study is based on, and describes the business problem at hand. 
Section 3 amalgamates BIM concepts within a state-of-practice methodology for 
designing data warehousing and BI solutions, and proposes a hybrid approach for the 
design of a data mart. Section 4 describes our experiences in business requirements 
gathering, offering evidence for the usefulness of BIM concepts. Finally, Sections 5 
and 6 present, respectively, lessons learned and conclusions. 

2  Case Study 

2.1   Background 

This case study was conducted in partnership with the Rouge Valley Health System 
(RVHS), a large community hospital with two campuses in eastern greater Toronto. 
Three years ago, RVHS adopted Lean [2] as an enterprise-wide management and 
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quality improvement philosophy. It also established a robust performance 
management framework, and a corporate balanced scorecard. 

Consistent with the Lean philosophy, on the technology side, last year RVHS 
launched two transformative IT initiatives to: (a) Create a competency center in 
business process management (BPM project); and, (b) Develop an enterprise BI 
system. The vision for the first was to enable managers and staff to document and 
monitor hospital processes in a visual fashion, and to create a repository with process 
knowledge. With processes providing the context, and the strategic plan and scorecard 
providing the direction, the vision of the BI system was to provide the data and the 
analytic tools to measure operational performance and monitor the execution of the 
hospital’s strategic plan.  

The motivation for the BI system was to use the wealth of data that the 
organization produces in order to uncover facts related to the quality and efficiency of 
its processes, the utilization of its resources, and the outcomes of its operating. The 
goal of the BI system is to harness this information in order to generate insights into 
operating performance with the goal of improving efficiencies, and the quality of 
patient care. Specifically, the BI initiative set out to: (a) provide an integrated 
repository of data from disparate sources organized to meet the information needs of 
business and clinical users; and, (b) offer an intuitive data access interface that 
enables business users to access information on their own. 
The promised value of the BI system was to enable managers and staff to make facts-
based decisions on their own by monitoring specific performance indicators, tracking 
service quality and outcomes, detecting problems, and assessing cost performance of 
their areas.  

The end product of the BI initiative was envisioned to be a series of linked and 
cascading scorecards, each one containing a collection of metrics (a.k.a. indicators) 
measuring the performance of the internal processes. This case study is limited to one, 
but critical, hospital process that manages patient flow, with a focus on the 
Emergency Department. 

2.2   Business Problem: Emergency Department Patient Flow 

In almost every hospital in Canada, patients go through the same steps as part of their 
emergency department (ED) visit. Patients arrive to the ED, and have an initial 
assessment by a triage nurse. During triage, the acuity of the patient condition is 
assessed, and a Canadian Triage Acuity Score (CTAS) is assigned in a scale of 1 to 5 
— 1 being the most critical. The next step is the Physician Initial Assessment (PIA). 
The time to PIA can vary widely depending on CTAS, patient volume, and staff 
resources. A typical range is 2-4 hours. A decision to admit or discharge to home is 
the next step in the process. For patients who are admitted, there is often a significant 
delay waiting for an inpatient bed. This creates a (complex) flow problem that 
depends on bed capacity and turnover. When patients finish their acute care treatment 
but require other services, such as rehabilitation of long-term care services (that are in 
short supply), they end up occupying an acute service bed longer than anticipated, 
thereby creating a backlog in the ED. 
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In Canadian healthcare, this process is known to have bottlenecks leading to long 
wait times that impair access to care. Health authorities attempted to tackle wait-times 
by introducing standard indicators measuring hospital performance. At RVHS access-
to-care is a strategic object which is measured by several indicators, one of which is: 
“Length of stay for 9 out of 10 non-admitted patients with less critical conditions 
(CTAS 4-5) not to exceed 3.8 hours”. This indicator is cascaded down to the ED and 
other departmental scorecards, and linked to a number of processes and improvement 
initiatives that are themselves measured by other metrics. One of the motivations of 
using BIM is to be able to model and document strategic objectives, operating 
processes, associated metrics; and the relationships between all of the above.  

A specific requirement of the BI system is to support a set of metrics known as the 
Daily Access Reporting Tool (DART) indicators [13]. DART indicators are mandated 
by the Ontario Ministry of Health and Long-Term Care, for all hospitals participating 
to the Emergency Department Process Improvement Program [10], as a way to 
monitor improvements and reduce ED waiting times. The DART indicators are 
calculated based on data elements specific to the patient flow process covering both 
the ED visit, and the admission and discharge processes at the inpatient acute care 
units. The process in Figure 1 illustrates the ED process, and some of the relevant data 
elements. 

In summary, the BI system and corresponding data warehouse must support 
metrics designed to manage access to care performance, which include the mandated 
DART indicators, as well as metrics that RVHS staff uses for real time process 
control. The next step is to represent these requirements by means of a conceptual 
model that will drive the design of a dimensional data warehouse model. 
 

 

Fig. 1. The ED process with (some) performance metrics 

3   From Business Requirements to Data Warehouse Design 

At the core of a BI solution, there are one or more dimensional models (data marts) to 
support business level queries, may these be indicators in a report, or dashboards 
responding to business requirements. Although BI implementations are often 
considered business projects, in reality, they are mostly system implementations 
where the business side is mainly engaged at the business requirements definition 
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stage. From there and after, they are IT projects following a traditional system 
development lifecycle model. The Kimball Group (http://www.kimballgroup.com/) 
has proposed one of the most widely used lifecycle models for data warehouse design. 
Kimball’s framework reinforces three fundamental concepts [3]: (a) A focus on 
adding business value across the enterprise; (b) Structuring data in a dimensional 
model; and, (c) Iterative solution development. While we are in agreement with these 
concepts, we see a weak point in the informal representation of business 
requirements, typically captured in text, that renders them difficult to analyze in the 
data design phase. With such a framework, the risk of communication break-ups 
between business and IT is high.  

The vision of BIM is, like UML in software, to provide a variety of model types 
that are accessible to business users, and can document business requirements in a 
graphical and yet formal way. Business requirements now become managed metadata 
artifacts that act as a blueprint for the implementation and can be updated, versioned, 
and queried.  

The focus of the case study has been to apply BIM modeling, and generate models 
that link business user needs with the data sources. In other words, our objective was 
to define the data requirements for the BI dimensional model. With this aim, we 
follow a seven-phase process described in [1], and briefly summarized in Table 1. 

Table 1. The seven phases for the design of a data mart 

Phase Input Output Role Involved 
Analysis and reconciliation 
of data sources 

Operational source 
schemata 

Reconciled schema Designer, data 
processing center staff 

Requirements analysis Strategic goals Requirement specifications, 
preliminary workload 

Designer, end users 

Conceptual design Reconciled schema, 
requirement specification 

Fact schemata Designer, end users 

Workload refinement, 
validation of conceptual 
schemata 

Fact schemata, 
preliminary workload 

Workload, data volume, 
validated fact schemata 

Designer, end users 

Logical design Fact schemata, target 
logical model, workload 

Logical data mart schema Designer 

Data-staging design Source schemata, 
reconciled schema, 
logical data mart schema 

ETL procedures Designer, databases 
administrators 

Physical design Logical data mart schema, 
target DBMS, workload 

Physical data mart schema Designer 

 
The seven phases can be combined and executed in different order, leading to 

different approaches [4] for data warehouse designing. According to [1], these 
approaches can be classified as: (a) data-driven (or supply-driven); and, (b) 
requirements-driven (or demand-driven). In the former, the data warehouse structure 
is derived from an analysis of the sources (supply) in light of user requirements. In the 
latter, the user requirements (demand) are turned into a data warehouse conceptual 
design, leaving unanswered the problem of mapping source data to the “desired” 
warehouse at a latter stage of the process (see Data-staging design phase in Table 1). 

The case study BI implementation followed a hybrid approach where requirements 
and data source analysis were conducted concurrently.  In this scenario, BIM models 



 Business Intelligence Modeling in Action: A Hospital Case Study 507 

proved to be an efficient and effective vehicle for hybrid design. Moreover, BIM 
offered strong support for formally capturing requirements during the business 
requirements analysis phase. 

Figure 2 shows our hybrid approach, and how the seven phases are interconnected 
to each other through inputs and outputs. 
 

 

Fig. 2. The hybrid approach for the design of a data mart 

A key result of our work was the integration of BIM concepts with the business 
requirement analysis phase. The output of this phase is a series of “maps” (models), 
each one representing a set of requirements covering a particular aspect of the 
business. This is analogous to UML’s diagrams, but adapted for BI implementations. 
The BIM meta-model supports interrelationships and cross-references between 
different maps, thereby facilitating interoperability among different business views. 
Section 4 will show examples.  

Among the various types of maps, the Indicator Map is a sufficient requirement 
specification model for the definition of the data mart structure. However, in the case 
study we produced all the different requirement specification models described in 
Figure 2, for the following reasons: (a) Provide a comprehensive set of maps to aid 
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the communication of business users, subject matter experts, and database designers; 
(b) create reusable maps that can benefit other ongoing IT initiatives at RVHS, such 
as the BPM project; and, (c) test the full power of BIM. 

Requirements models expressed in BIM support variability-in-design. This means 
that they can be adapted to the goals and needs of the business analyst / designer, 
allowing her to choose which and how many of the sub-phases to perform during the 
Requirement Analysis phase. In the following section, we provide a brief overview of 
the sub-phases, and the outputs we obtained for each. 

4   BI Data Requirements for ED Activity Reporting 

The business problem, as defined in Section 2.2, is to facilitate improvements in 
access-to-care, by reporting daily a list of metrics known as the DART report. As the 
specification of the DART report is given (mandated), we focus on the design of the 
corresponding ED data mart. We foresee scenarios where the BI report requirements 
are not available, or new reports and set of performance measures need to be created. 
Such scenarios are handled by variations of the BIM business user requirement 
analysis approach  (see [5] for a comprehensive survey). 

In the following sections, we trace the steps of the phases of BIM modeling in 
Figure 2 by using DART as our working example.  

4.1   Sub-phase: Actor Goal Indictor Object Sheet Definition 

The main input for this sub-phase was the DART report. Each one of the 37 DART 
indicators for ED and Inpatient care units represents a (business) requirement that the 
BI system-to-be must support. For each indicator/requirement, we documented the 
indicator’s meta-data in the Actor Goal Indicator Object (AGIO1) Sheet, briefly 
summarized in Table 2. 

We have found the AGIO sheet to be an effective instrument for focusing attention 
on different informational perspectives related to an indicator. AGIO Sheets were 
compiled through interviews [6] with domain experts. Each interview, corresponding 
to one sheet, had an average duration of 40 minutes, and consisted of a combination 
of open-ended, closed, and evidential questions [7] to the domain expert. For the 37 
DART indicators, this time summed up to a six days period for requirements 
gathering: the period includes also the time spent for the design of the maps 
extrapolated from the AGIO sheets, and described in the following sections. 

Table 3 shows a (partial) example of an AGIO sheet for the indicator “Percentage 
of ED Left Without Being Seen (LWBS) patients” (this sheet is also used in Figure 
3). The right-hand column offers a sample of the questions posed to the domain 
experts. 

 

                                                           
1 “Agio” is an Italian word that means “ease”, intended to suggest an absence of difficulty or 

effort for a domain expert to communicate business requirements in a unique view. 
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Table 2. Summary of the AGIO Sheet's content 

Perspectives Information collected Overview 
General 
Description 

ID, Name, Description, Type, 
Scorecards. 

General information about the indicator. Notice the 
“Type” attribute, which defines if an indicator is 
positive, negative, or bidirectional [9]. 

Organization 
Context 

Goal, Goal responsible, Measured 
object. 

Core information to motivate an indicator, and to 
understand what it is measuring. 

Measurement IT responsible, Metric, Numerator 
and Denominator, Sources for 
Numerator and Denominator, 
Dependencies, Frequency. 

Detailed information about the measurement that must 
be performed. 

Data mart and 
Navigability 

Data mart name, Dimensions, 
Levels. 

Information needed to build the fact table, and to define 
user preferences in analyzing the events of the fact table. 

Performance 
Parameters 

Criteria for Restriction and 
Aggregation, Targets, Positive and 
negative thresholds, Parameters 
motivation and interpretation. 

Detailed information for evaluating measurements 
with respect to the user performance requirements; and 
restriction and aggregation criteria [1] for grouping 
data for the performance parameters. 

Data Source 
Details 

Database, Table, Field, Query, 
Data collection process. 

Information about the data sources needed to feed the 
fact table. 

Access Control Confidential level Information about credential levels needed to access 
the indicator values. 

User Visualization 
Requirements 

Graph Type, User, Criteria for 
Restriction and Aggregation 

User preferences in the visualization of indicator 
information. 

Information and 
Data Quality 

Issues Quality issues in the data used to calculate the indicator. 
They give a general idea on the confidence users should 
have when making decisions based on the indicator. 

Table 3. Partial AGIO sheet for “Percentage of ED LWBS patients” 

General Description Question 
ID 7 Not applicable 
Name Percentage of ED LWBS patients What is the indicator name? 
Description The indicator calculates the percentage of 

ED patients that leave the ED without 
being seen by the doctor. 

Can you provide a high level description of the indicator? 

Type Negative Do you want to reduce, increase, or balance the value of 
the indicator? 

Scorecards DART Does the indicator belong to some report? 
Organizational Context Question 
Goal Reduce the percentage of LWBS patients Which is that goal you try to achieve monitored by the 

indicator? 
Goal 
Responsible 

ED Manager Who is the responsible of such a goal? 

Measured 
Object 

Physician Initial Assessment Which is the operative process or resource for which the 
indicator is measuring the performance of? 

4.2   Sub-phase: Actor Goal Indicator Object Graph Definition 

The objective of this sub-phase is to extrapolate from each AGIO sheet a 
corresponding AGIO graph. An AGIO graph has one objective, to provide a compact 
view of an indicator (a.k.a., “Story” of an indicator) by answering questions such as: 
Why an indicator is necessary? What is measuring? Who is interested in its 
performance? Which are the perspectives that can be used to investigate its values? 
AGIO graphs constitute the main input for those sub-phases that produce different 
BIM maps (see Figure 2). 
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Fig. 3. The AGIO graph for the indicator “Percentage of ED LWBS patients 

Figure 3 shows an example of an AGIO graph for the indicator described in  
Table 3. The graph provides a pictorial representation of the AGIO sheet’s 
requirements. Notice the orientation of the triangle symbol, with the tip towards the 
bottom, for representing a negative indicator2, i.e., an indicator whose value needs to 
be reduced. This is consistent with the description of the associated goal “Reduce the 
percentage of ED LWBS patients” defined by using the Goal-Question-Metric [8] 
approach, where a goal description follows the pattern purpose, issue, object (process 
or resource), and viewpoint. For example, for the above goal, we have that: purpose = 
reduce, issue = the percentage of ED LWBS, object = patients, viewpoint3 = ED 
Manager. 

4.3   Sub-phases: Goal/Strategy and Indicator Maps Design 

Figure 4 shows a combined view of the goal/strategy map and indicator map, 
representing part of the strategy undertaken to improve the high level goal “Improve 
access to care for patients” (the topmost goal in the figure). This combination is very 
useful to understand how the collected measures are aligned with RVHS strategy; and 
how, in turn, the measures are connected to the operational layer (see Workflow Map 
in Section 4.5). 

                                                           
2 For a positive indicator, the tip of triangle points towards the top; while, for bidirectional 

indicators, we have a side-by-side positive and negative indicators symbol. See Figure 4 for 
some examples, and refer to [9] for more details on these three types of indicators.  

3 In the AGIO graph, the viewpoint is external, and is represented by the actor responsible for 
the goal associated with the indicator. 
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Fig. 4. Combined view of Goal/Strategy and Indicator Maps 

Notice also, how the strategy map is aligned with the four perspectives of Kaplan 
and Norton [9]. 

To built a goal/strategy map, the designer starts from the set of goals collected in 
AGIO graphs; then, by interviewing domain experts, s/he defines influence 
relationships among goals, together with those high level goals not described in the 
AGIO graphs, e.g., the goal “Improve the access to care for patients”. In general, for 
the later designing task, the designer can count on external documents describing the 
strategy of an organization, and on interviews with the domain experts. 

4.4   Sub-phases: Process, Resource, and Actor Maps Design 

The outputs of these sub-phases are maps that describe objects (processes, resources, 
and actors), and sub-objects involved in the RVHS operational layer. Due to space 
limitations, Figure 5 shows only an example of an actor map. 

A careful reader may argue that common models for the representation of an 
organization structure, e.g., hierarchy charts, can be used in place of our Actor map. 
We stress the fact that BIM is a (underlying) metamodel that integrates concepts and 
relationships from different domains (business, requirements and software 
engineering, data warehouse, etc.) for designing Business Intelligence Solutions.  
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Fig. 5. RVHS’s Actor map, a fragment 

For actors, BIM has to offer more than the simple view illustrated in Figure 5. As 
described in [9,11], different relationships can be instantiated from an actor to other 
concepts in the (meta)model. For example, an actor can “perform” a process, “desire” 
a goal, or be “responsible for” an indicator. These relationships cannot be handled by 
a hierarchy chart model, but can be easily added to an Actor map by relying on the 
BIM metamodel.  Further versions of a visual editor prototype described in [9] will 
have collapse/explode and filters features to customize and combine BIM maps with 
respect to customer needs. 

4.5   Sub-phase: Process Workflow Design 

The output of this sub-phase is an abstract representation of relevant process workflows 
in an organization. With this aim, the designer can start from the set of (sub-)processes 
defined in the AGIO graph, representing a footprint of the complete operative processes 
used to achieve the strategy and operational goals of an organization. The designer can 
then produce a complete design of the process workflows, supported by resource and 
process maps, as well as further interviews with domain experts. Figure 6 shows an 
example for the RVHS’s ED patient workflow. 

Notice how indicators can be easily attached to sub-processes or tasks, thanks to 
the connection made in the AGIO graphs. The sub-model of BIM we used for the 
design of workflows attempts to be as simple as possible to be easily understood by 
the domain experts. 
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Fig. 6. An abstracted and simplified view of the ED patient workflow, with (some) indicators 

4.6   Outcome: An ED Fact Schema for the ED Data Mart 

An output of requirement analysis is the requirements specification used as input to 
the conceptual design phase (see Figure 2). The objective of this phase is the 
definition of the fact schema used for the implementation of the data mart at hand. 
Figure 7.a shows an example of such a fact schema. 
 

 

Fig. 7. (a) Fact Schema for the ED data mart; (b) RVHS's Dashboard 
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During conceptual design, a fact schema is constructed as follows4: 

1) Extrapolate all indicators defined in the AGIO graphs, and assigning them to 
the set of measures; 

2) Extrapolate all dimensions and levels attached to the above indicators, and 
assigning them to the set of (conformed) dimensions.  

3) Insert in the fact schema all measures (from the sets above) that: (a) share the 
same conformed dimensions; (b) has the same granularity; and, (c) concern 
the same fact. 

It must be noted that more than one fact schema may result from the previous steps. 
Also that information from the Workload Refinement phase (see Figure 2) may be 
taken into account. 

A properly designed fact schema is fundamental for feeding reports and 
dashboards with the proper data. Figure 7.b shows a prototype of a dashboard using 
the fact schema. 

5   Lessons Learned and Reflections 

The case study experience suggests that the BIM approach can have a positive impact 
in the design and development of BI solutions. BIM addresses the impedance 
mismatch between business users and IT. BIM models function both as 
communication tool, and design blueprint. Below, we present the lessons learned 
from the two different perspectives of the project team: the research team and the 
RVHS project team.  

We validated that the primitive concepts provided by BIM were sufficient to 
support the business requirements elicitation phase for the data mart modeling (see 
Figure 2).  

In the course of the case study, we had the opportunity to test the application of 
different BIM features, and receive feedback from domain experts. This led to some 
refinements of BIM.  

When BIM was first introduced, it was not clear “who” would be the actual users 
of such a model: managers? domain experts? business analyst/designer? The case 
study gave us some revealing answers. BIM was proven useful to designers during the 
phase business requirements elicitation, and helped domain experts to understand 
whether or not what they had in mind (in terms of requirements) was properly 
translated into the “to-be” BI system. 

An important outcome of the case study is the definition of the hybrid data mart 
design approach using BIM. When we started the project, we did not have a 
preconceived design methodology that would utilize BIM in developing a BI solution. 
We decided to look at existing methodologies in BI, and extend them with BIM in 
order to take advantage of its novel features. In this way, the use of BIM is done 
within a familiar BI development framework, and we can therefore assess the 

                                                           
4 [1] defines terms such as fact, measure, granularity, conformed dimension, and level. 
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improvement in communication between business users and IT. At the same time, we 
were able to make a first step towards the definition of a new way of doing BI based 
on the next generation of BI tools like BIM. The development methodology, 
introduced in Section 3, indicates that BIM is capable to communicate business 
requirements, as well as assist in the data mart design.  

The feedback received by the domain experts in the project was generally positive, 
suggesting that BIM concepts are contributing in the definition of BI requirements. 
The domain experts felt comfortable with the notation, and the produced models. In 
many occasions, it was noted that the graphical models produced by BIM were 
concise representations of the domain and related business requirements; and they 
were found helpful in communicating requirements in a complete and accurate way to 
an external BI vendor. The project team appreciated the creation of the graphical BIM 
maps which served as a roadmap throughout the project. The maps supported step-
wise refinement, and guided the development of the RVHS BI solution. 

From the RVHS perspective, BIM added value in the BI project in the following 
ways. First, the AGIO sheets captured essential metadata in simple but complete 
form, which helped decision support and IT analysts to develop a common language 
and understanding of the domain. The AGIO sheets were extremely helpful in 
communicating indicator requirements to an external implementation partner.  
Furthermore, the AGIO maps helped to connect roles to goals to measures to 
processes in a simple and unambiguous way that further surpasses the traditional 
textual descriptions.  

As the organization already had a performance management culture and corporate 
scorecard, the combined goals and indicators map nicely aligned with the scorecard. 
In fact, the general perception was that the goals an indicators map provided a two 
dimensional view of the scorecard design, with clear depiction of the ‘influence’ 
relationships.  

Process maps described the RVHS operations layer accurately. RVHS had already 
adopted a business process modeling methodology to support continuous process 
improvement. Similarly to BIM, the goal has been to tag processes with indicators, 
and design BI dashboards to monitor process performance. The expectations of using 
BIM in this project were: (a) to produce and maintain metadata of the BI requirements 
and design that different stakeholders will use with ease; (b) reduce project 
complexity, and accelerate BI project timelines. The first expectation was fully met 
by producing a complete and accurate meta-data repository, easily consultable by the 
stakeholders. For the second, the feeling is that the project timeline was positively 
impacted, although it is difficult to separate the various factors affecting timelines. An 
area where timelines were positively impacted was the scorecard production where 
the combination of AGIO graphs, RVHS scorecard, and Performance Management 
Framework (PMF)5 streamlined and accelerated the development process, and 
shortened the time. 

                                                           
5 PMF is a commercial product by Information Builders [12] that RVHS licensed to produce 

scorecards. 
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Overall, the case study confirmed that BIM drastically reduced the risks discussed 
in [1]. Properly define requirements eliminated the risks related to data and design. 
Organizational risks were also lower, since end users felt more involved in the 
development process, and part of the final outcome: they are now able to take 
advantage of the results achieved. Indirectly, also the risks related to project 
management and risks related to technology may have been influenced (although we 
did not experience such risks at RVHS). 

The formalized knowledge derived from the requirements analysis, such as 
strategy process, indicator maps etc., is useful for supporting the RVHS performance 
management needs.  

6   Conclusions 

We presented a case study of developing BI solutions through BIM concepts. Our 
modeling and methodological framework has proven adequate for the task. On the 
way, we extended widely practiced BI solution development techniques by enriching 
them with BIM concepts. 

The case study suggests that BIM concepts enhance communication and 
collaboration between designers and domain experts; they also reduce common risk 
factors that a BI solution may face during its lifecycle. It also gave us inputs on 
simplifying BIM and fitting it to a methodology. 

As for directions for further research, the case study revealed an opportunity to 
evolve BIM towards a model for performance management.  
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