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Abstract. Service-Oriented Architecture (SOA) is now considered a mainstream 
option for delivering solutions that promise business agility benefits. 
Unfortunately, there is currently no quantitative approach for predicting the 
expected agility of a SOA system under development.  In this paper we present 
an empirically validated Predicted Business Agility Index (PBAI) which is 
designed to measure the expected business agility of a SOA deployment.  The 
PBAI is constructed through statistically analyzing the relationship between 150 
technical attributes and the attainment of business agility in 39 SOA 
deployments. 37 of the technical attributes, classified into three areas of 
architecture, business process management, and impact analysis are determined 
to be the primary contributors to achieving business agility.  The PBAI is 
evaluated using a leave-one-out cross validation experiment of the SOA projects 
in our study.  
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1 Introduction 

The introduction of SOA into the enterprise has resulted in the proliferation of 
enterprise level solutions that significantly leverage services to solve very large scale 
problems [1].  As a result, it is now almost impossible to conduct business on the web 
without using some type of service. According to High et al [2], SOA solutions 
facilitate increased agility and resilience within an organization.  They enable the 
alignment of information systems with business processes to allow the organization to 
respond more quickly to changing market conditions.  Dove [3] defines business 
agility as the ability to “manage and apply knowledge effectively, so that an 
organization has the potential to thrive in a continuously changing and unpredictable 
business environment.” The development of a SOA solution represents a non-trivial 
investment in human resources, capital and time.  It is often undertaken with the 
expectations that it will position the organization to respond more adeptly to changing 
market conditions.  Unfortunately, SOA projects that do not consider the impact of 
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various architectural, process, and governance-related decisions upon future business 
agility may fail to achieve these desired benefits [4].  Therefore, we have developed a 
business agility predictor model, which is designed to evaluate a SOA deployment 
currently under development in order to (i) predict the extent to which it is likely to 
achieve business agility in the future, (ii) identify deficiencies, and (iii) suggest 
corrective measures.  One of the benefits of our approach is that it can be used during 
the planning and development phase by technical IT stakeholders. 

The business agility predictor model was constructed in several stages.  First, a 
Business Agility Index (BAI) was developed to measure after-the-fact attainment of 
business agility in each of the studied SOA deployments. In the second stage of model 
construction, we developed a Predicted BAI (PBAI) which is designed for use in early 
stages of a SOA project to predict future business agility based on the degree to which 
various attributes are present in the project.  The PBAI was developed using a version 
of the Goal-Question-Metric (GQM) approach known as GQM-MEDIA 
(GQM/MEDEA) [5] to identify technical attributes of the project which were believed 
to potentially impact business agility. These attributes were later grouped into 
meaningful categories, and a statistical analysis was performed to construct the PBAI 
model, and to validate it against the BAI. 

In the remainder of this paper, section 2 describes the BAI and how it was 
constructed and validated, while sections 3 and 4 describe construction, validation of 
the PBAI model and threats to validity.  Finally, in sections 5 and 6, we review related 
work and provide a summary of our contributions. 

2 The Business Agility Index   (BAI) 

In our previous work [6], we analyzed 5 major SOA practices that were comprised of 
35 attributes that had the potential to impact business agility. The 35 attributes were 
factored out of more than 150 original attributes which were collected through an 
IBM Academy of Technology virtual conference and through personal interviews 
with personnel from non-IBM projects.  Data collection was driven by 215 questions, 
of which 80 were designed for purposes of this study and produced the 150 attributes 
that were considered for the study. A total of 39 projects were ultimately included in 
the data analysis.  Of these, 30 projects were executed by IBM professionals, while 9 
were non-IBM projects.     

To construct the Business Agility Index (BAI), various experts from IBM with 
significant SOA experience devised eight equally weighted true/false questions, referred 
to from now on as the BAI.  The BAI index was computed by assigning one point to 
each question answered positively for a project.  The BAI scale therefore ranged from 0 
(no indication of business agility) to 8 (strong indication of business agility). 

As part of the data collection process, each study participant was responsible for 
engaging an extensive set of business stakeholders for their project in providing a 
simple yes/no answer to the more direct question: “Did this project achieve business 
agility?” They were also responsible for answering the eight BAI questions. Reported 
results in Table 2 show that 18 of the projects were classified as business agile, while 



 A Predictive Business Agility Model for Service Oriented Architectures 655 

14 were classified as non business agile.  The remaining 7 projects were unclassified.  
Results show that 12 of the business agile projects achieved BAI scores of 5 or 
higher, while 6 achieved scores of 4 or lower.  Furthermore, 13 of the non-business 
agile projects achieved BAI scores of 4 or lower.  Consequently, for the SOA projects 
included in our study, 100% of projects receiving high BAI scores were in fact 
perceived as business agile. In contrast, 70% of projects receiving low BAI scores 
were classified as non-business agile. 

3 Predicted Business Agility Index (PBAI) 

Although the BAI is able to largely differentiate between business and non-business 
agile projects, its usefulness is limited because it requires business expertise and can 
only be assessed after the fact.  In contrast, the PBAI model incorporates a concrete 
set of factors and attributes that are easily collectable by technical project personnel 
during early phases of a project, and which have the capability of accurately 
differentiating between projects which are likely to attain business agility and those 
which are not.   

Building the PBAI therefore involved first identifying a very broad set of 150- 
candidate SOA attributes that were collected as a result of executing the data 
collection questions.  Factor analysis was later used to identify 37 attributes that 
accounted for the differences in attained business agility as measured by the BAI. The 
37 attributes were grouped into meaningful composite factors. This grouping was 
necessary because the relatively small sample size of 39 projects and the problem of  
 

Table 1. Business Agility Index Questions 

1. As a result of deploying this SOA solution, is your organization able to achieve 
better business outcomes and respond faster to customer changing 
requirements and demands? (Yes, No) 

2. As a result of deploying this SOA solution, is your organization able to address 
potential ad-hoc business situations? (Yes, No) 

3. As a result of deploying this SOA solution, is your organization able to adapt 
better to dynamic business situations once they were identified? (Yes, No) 

4. As a result of deploying this SOA solution, is your organization able to create 
solutions that address market requests and competitors faster and more 
efficiently? (Yes, No) 

5. As a result of deploying this SOA solution, is your organization able to get a 
better view of their business conditions and react faster to events that have the 
potential to cause disruption of their business? (Yes, No) 

6. As a result of deploying this SOA solution, is your organization able to adapt 
better to changing situations and enabled efficient routing of business needs 
with minimal interruptions? (Yes, No) 

7. As a result of deploying this SOA solution, is your organization able to view 
trusted and useful data? (Yes, No) 

8. As a result of deploying this SOA solution, is your organization able is able to 
create services faster to the marketplace? (Yes, No) 
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incomplete data made it infeasible to analyze all of the attributes individually. We 
developed a set of five composite metrics described as architecture (SOA), impact 
analysis (IA), Business Process Modeling (BPM), loose coupling (LC), and 
governance (Gov), each of which aggregated metric results from its associated 
individual attributes.  For example, the Governance Metric evaluated the extent to 
which a SOA project exhibited governance practices, and was computed by summing 
the associated individual attributes. In the following section we describe the statistical 
analysis that evaluates the extent to which each composite factor contributes to 
attained business agility.  These findings were used to build the PBAI model. 

Table 2.    BAI Assessment of 39 SOA Deployments  

 

3.1 The Business Agility Predictor Model  

The overall sample provided sufficient representation of both business agile and non-
business agile SOA deployments: 38% of projects we studied scored below the 
midpoint of the BAI scale, while the remaining 62% performed above it. The SOA, 
Impact Analysis, BPM, loose coupling, Governance scores, and the BAI index were 
computed for each project. The projects that claimed business agility had a mean 
value for the SOA score 102.19% higher than the projects that did not claim to 
achieve business agility. A less significant result was reported for BPM, Impact 
Analysis and Loose Coupling scores with values 48.27%, 56.16% and 9.50% 
respectively.  The Governance factor showed a difference of -6.39% in the mean 
between projects that achieved business agility versus those that did not.  

3.2 Building the Predictor Model 

To construct the PBAI we utilized multiple linear regression analysis to investigate 
the relationship between composite factors (i.e. the independent variables) and the 
business agility index (i.e. the dependent variable. The descriptive statistics for the 
identified factors were generated and examined. Projects with missing data were 
simply dropped from the analysis, reducing the number of analyzed projects from 39 
to 32. Regression assumptions such as normality and collinearity were checked and 
found to be appropriate for the analysis. Correlation analysis between each of the 
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factors and the dependent variable BAI showed positive correlations for each factor. 
Correlation values revealed that SOA, IA and BPM are the most significantly 
correlated factors to achieving business agility in SOA solutions with correlation 
values of (.67, p = .000), (.52, p=.002), (.50, p=.004) respectively. Loose coupling is 
also significant (p=.019), however, to a lesser degree than the other factors. SOA 
Governance, on the other hand, is not significant (p=.305) based on the collected data.      

The results of multiple regression showed that our independent variables produced 
an adjusted R2 of .64  ( F(3,31) = 19.46, p = .000) for the prediction of achieving 
business agility. All of the tested predictors turned out to be significant ( p < .05) 
except for the Governance Score (p =.309) and Loose Coupling (p=.133) ).   Based on 
the results, the regression analysis indicated that SOA, BPM and IA are reliable 
factors for predicting BAI, while Gov and LC were not.  We consequently excluded 
Gov and LC from our model. Using our model parameters, we write the predicted 
business agility index PBAI calculation equation as follows:   

PBAI  = 0.65 SOA  + 0.41 BPM + 0.44 IA  – 1.98 

where SOA is the SOA Score,  BPM is BPM Score and IA is Impact Analysis Score.  

3.3 Analysis 

A closer look at the individual elements contributing to the SOA Score reveals that 
inherent support of a given architecture for rules, events, task automation, alerts, 
monitoring and analytics is essential to achieving the desired business agility 
improvements. Given that business agility is primarily concerned with the continuous 
sensing and adapting to new conditions, the significance of this factor seems logical.  

Similarly it is not surprising to find that impact analysis and BPM capabilities 
contribute to business agility. Impact analysis ensures that SLAs are monitored 
proactively and it therefore contributes directly to the business agility goals of 
responding to ad-hoc changes. Furthermore, the optimized business processes and 
proper alignment with IT that happen as a result BPM’s best practices ensures that 
business processes are well thought out and not created randomly.  BPM attributes 
such as modeling, monitoring of key performance indicators and the use of rule 
engines to externalize business rules add a significant amount of flexibility to SOA 
solutions. It is worth noting that monitoring SLAs or KPIs is not restricted to SOA 
solutions. Any IT solution can be architected to incorporate aspects of dynamic and 
predictive impact analysis components as well as BPM best practices.   

As previously discussed, our analysis could not conclusively identify loose 
coupling as a significant factor. However, our results show a positive correlation 
between loose coupling and the BAI. Given the significance levels reported in 
regression analysis results, we chose not to include this factor in the overall predictive 
model. The Governance score predictor was found to be insignificant. The 
governance score includes a mix of capabilities including establishing and tracking 
project management and architect roles, advertising and sun-setting services, and 
tracking requirements and requests for change.  One reason that the factor may not 
have been identified as significant in our model is because all projects that scored 
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high in impact analysis also tended to score high on the governance factor implying 
the adoption of strong governance practices.  This overlap will be explored further in 
our future work.   

We were not able to draw conclusions concerning reuse due to the missing data 
with respect to re-use questions.  As a result of dropping projects with missing data, it 
is possible that re-use was not given full consideration as a predictive factor.  

4 Validating the PBAI  

We conducted a standard leave-one out cross-validation experiment based on the 32 
existing projects. The 32 projects were the final set of projects used after excluding 
projects that did not meet the project selection profile from our original set of 39 
projects. In each experimental run, one project was set aside for testing purposes, 
while the remaining 31 projects were used to repeat the entire regression analysis and 
construct a new PBAI equation. The PBAI equation was then used to compute a PBAI 
score for the test project. This process was repeated 32 times, until each project had 
been tested.   

We evaluated the stability of the PBAI equation over the 32 computations.  In all of 
the experiments, the generated PBAI model included the three factors of SOA, BPM, 
and IA, and excluded Gov, and LC. Furthermore, in 90% of the cases the identified 
factors remained the same, and differences in coefficient values were found to be 
minor. In the remaining 10% of cases, the LC factor nudged the BPM factor (i.e. LC 
factor  p < 0.05 while BPM factor p > 0.05) .      

4.1 Threats to Validity  

The primary threat to validity in our study arises from the fact that only 39 SOA 
deployments were included in our study; however it is not trivial to increase the 
number of projects studied as each SOA project involved many hours of hands-on 
data collection and a significant investment in time.    Nevertheless, the relatively 
small sample size did impact our ability to explore certain factors such as the re-use 
factor, for which there was a problem with missing data. Additional threat to validity 
was introduced through the fact that 30 of the 39 projects are IBM related.  However, 
these projects represented a wide range of complexity, duration, industry participation 
and scope, and the leave-one-out cross-validation experiment demonstrated that the 
results were at least applicable across this broad sample of projects.   

5 Related Work  

Most techniques for measuring business agility are domain specific and are unrelated 
to SOA deployments.  Several authors have argued that the vagueness of the agility 
concept makes it extremely difficult to measure using regular quantitative methods 
[7], [8], [9]. Tsourveloudis et al. [7] used fuzzy logic to measure agility in the 
manufacturing sector.  Their approach measures operational characteristics such as 



 A Predictive Business Agility Model for Service Oriented Architectures 659 

change in quality, versatility, and product variety, rather than measuring the indirect 
results of agility such as better profits, time to market, or customer satisfaction. The 
authors associate specific attributes with more general areas of agility infrastructure.  
Infrastructure agility parameters and their variations are used to compute an overall 
agility score.  In some respects, Tsourveloudis et al’s approach is similar to ours, as 
both methods group attributes or factors into large categories and then evaluate an 
organization with respect to those larger categories.  

Lin et al. [9], [10] also used fuzzy logic by developing the fuzzy agility evaluation 
(FAE) framework and its associated fuzzy agility index (FAI). The FAE used a 
survey to collect and analyze agility drivers such as IT integration, competence, team 
building, technology, quality, change, partnership, market, education and welfare.  
The framework included steps to analyze and synthesize the answers to the agility 
drivers and provide associated weightings that are used to establish FAI thresholds 
and map scores to different agility levels.   

While some of these methods are effective for measuring business agility in 
specific domains or even for general IT solutions, they do not address the problem of 
measuring business agility in SOA deployments.  In contrast, our approach is 
designed specifically for use with SOA deployments and incorporates a mixture of 
factors which are general to all IT solutions as well as factors specific to SOA 
projects. 

6 Conclusions and Future Work  

This paper has presented a PBAI model for predicting whether a SOA project under 
development is likely to attain business agility.  The model was developed through 
analyzing data from over 32 successful SOA deployments, and has been shown 
experimentally to serve as a relatively strong predictor of business agility.  The 
empirical validation reported in this paper substantiates many of the ideas that have 
previously been anecdotally claimed as best practices, while challenging other 
broadly accepted ideas.  For example, governance is broadly touted as a best practice 
for achieving business agility, but our analysis did not identify it as a significant 
factor, r =.187. On the other hand, stronger correlations were reported for SOA, IA, 
BPM, and LC with r values of .675, .52, .50 and .41 respectively.  In future work, we 
plan to extend the validation steps of the model to include a detailed comparison of 
BAI and PBAI values to assess the predictability capabilities of the resulting model. 
Additional work may involve the inclusion of additional dimensions to our BAI and 
PBAI factors.  
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