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Abstract
CONTEXT: A value model is used to describe how an organization creates, delivers, and captures its business value.
Value-driven development methods use the notion of “economic value exchange” to define more efficient business
strategies and align Information Systems (IS) with organizational goals. Current value-driven methods are complex
and there is insufficient empirical evidence regarding which of the existing methods are more effective under what
circumstances. OBJECTIVE: This paper compares two different value-driven methods to provide empirical evidence
regarding both their efficacy when modeling business value and their likelihood of acceptance in practice. METHOD:
This goal was addressed by performing a family of three controlled experiments with a group of novice software
engineers and business analysts to compare the Dynamic Value Description (DVD) method with the e3value method,
with respect to their effectiveness, efficiency, perceived ease of use, perceived usefulness and intention to use. The
experiment was initially performed in Spain and then replicated in Portugal and Brazil with other participants with
different backgrounds. A meta-analysis was performed to aggregate the empirical findings obtained in each experiment. RESULTS: The results indicate that the DVD method is superior with respect to all the variables analyzed.
CONCLUSION: The DVD method is a promising and alternative method to specify business value when compared
to the well-known e3value method for the analyzed variables.
Keywords: value model, value-driven, controlled experiment

1. Introduction
Many of today’s software engineering practices and
research occur in a neutral value setting, where business goals, requirements, objects, tests, and defects are
equally important [1]. However, most studies about the
success factors of a software development project indicate that the key critical factors lie in the organizational
values of the domain [1, 2]. For example, the Standish Group’s CHAOS reports state that most software
design defects are caused by value-oriented weaknesses
[2]. Recently, the Value-Based Software Engineering
(VBSE) research area has emerged, taking the concept
of value at the forefront of software engineering decisions [3]. For example, value-based requirements engineering includes principles and practices for identifying
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stakeholders and the value exchange among them for
the success of a system. This is achieved by modeling
the business values and use them to guide development
of the system [3, 4, 5]. Therefore, when developing information systems, for example, it is necessary that the
business values are also reflected in the system.
For these reasons, an increasing number of approaches propose value models to specify business values [6]. A value model describes how an organization creates, delivers, and captures business value [7, 8].
Value-oriented development methods use the notion of
economic value exchange to define more efficient business strategies and align information systems with organizational goals [9]. VBSE is still a recent research area,
and so some current value-oriented methods are still immature [3], complex [10], and there is insufficient empirical evidence on which of the existing methods are
most effective under what circumstances [1]. In previous work [11], we identified the need for further empirical evidence about the circumstances under which the
various value-driven methods are more effective.
April 16, 2018

2. Value-based development

The purpose of this paper is, therefore, to report on
a family of controlled experiments carried out to compare two business value modeling methods: e3value
[7], which is a widely established and applied business
model representation [8, 10], and the Dynamic Value
Description method (DVD), with respect to their effectiveness, efficiency, perceived ease of use, perceived
usefulness and intention to use.

This section gives an overview on Value-Based Software Engineering (VBSE) and discusses existing works
that contextualize and motivate our present work.
2.1. VBSE definition
The International Organization for Standardization
(ISO) defines software engineering as “the systematic
application of scientific and technological knowledge,
methods, and experience to the design, implementation,
testing, and documentation of software to optimize its
production, support, and quality” [13]. While the ISO
definition might satisfy without considering value decisions, it must be extended to consider values effectively.
For example, the ISO definition excludes economics,
management science, cognitive sciences, and humanities from the body of knowledge required to create successful software systems. In contrast, VBSE considers
software development as a purposeful activity carried
out by people for people, without ignoring the body of
knowledge described above [3]. The ISO definition also
delimits the software development by technical activities (e.g., design, implementation, and testing). VBSE
considers management-oriented activities that have often been considered slightly [3]. Besides, it covers all
practices, activities, and phases involved in software
development, addressing a wide diversity of decisions
about technical problems, business models, software development processes, software services and products,
and related management practices [3]. Also, the ISO
definition does not explicitly recognize the ultimate goal
of software development: ensuring that software systems continue to meet and adapt to evolving human and
organizational needs to create value [1, 3]. According to
VBSE, it is not enough for software projects to merely
meet unilaterally preset schedule, budget, process, and
quality objectives. Instead, it is necessary that the resulting services and products persist in increasing the
wealth of the stakeholders and optimizing other relevant
value objectives of these projects. Thus, the VBSE definition is “the explicit concern with value in the application of science and mathematics by which the properties
of computer software are made useful to people” [3].

The first controlled experiment was conducted in
Spain with MSc students at Universitat Politècnica de
València (UPV) [12]. The results favored the DVD
method, with the exception of the perceived usefulness of the methods, for which no significant difference could be found. This was the major motivation for
the exact replication subsequently performed in Portugal with MSc students at Universidade NOVA de Lisboa
(UNL). In this case, all the variables evaluated favored
the DVD method. The second (exact) replication took
place in Brazil and aimed at validating the results from
the two previous experiments with Business Management PhD students (who are also practitioners in industry) at Universidade Federal de Pernambuco (UFPE).
The results of each experiment are analyzed individually and the empirical findings obtained in each experiment are aggregated by means of a meta-analysis. The
results show that the efficiency and effectiveness of the
DVD method are significantly higher than the current
efficacy of e3value, and that the perceived ease of use,
perceived usefulness and intention to use reported by the
participants are also significantly higher for the DVD
method.
The remainder of this paper is organized as follows.
Section 2 introduces value-based development. Section 3 summarizes the two chosen methods (e3value
and DVD) for our the experiments, conceptually compares them, and finishes discussing existing studies
comparing value-driven methods. Section 4 presents an
overview of the method used to perform the family of
experiments. Section 5 presents the design of the baseline experiment performed in Spain (and later replicated
in Portugal and Brazil), as well as a summary of the results with the Spanish participants. Section 6 presents
the results of the replications of the experiment in Portugal and Brazil. Section 7 provides a meta-analysis
of the aggregated experimental results obtained in the
three experiments. Section 8 discusses the results of
the whole set of controlled experiments. Section 9 discusses the threats to validity, and, finally, Section 10
concludes this paper and summarizes directions for further work.

2.2. Major Elements of VBSE
According to Boehm [3], the major elements of
VBSE are: (1) value-based requirements engineering,
embodying principles and practices to identify stakeholders of systems, elicit their value propositions and
2

reconcile these value propositions into a mutually satisfactory set of objectives for the system; (2) valuebased architecture, comprising the further adjustment
of the system objectives with possible architectural solutions; (3) value-based design and development, involving techniques to guarantee that the system’s objectives and value considerations are aligned with the business, then inherited by the software design and development practices; (4) value-based verification and validation, including both techniques to verify and validate
that the software solution satisfies its value objectives;
(5) value-based planning and control, covering principles and practices to control costs, schedule, and product planning; (6) value-based risk management, combining principles and practices to identify, analyze, prioritize and mitigate risk; (7) value-based quality management, involving prioritization of desired quality factors concerning according to the stakeholders’ value
propositions; (8) value-based people management, including expectations management, as well as managing
the project’s accommodation of all stakeholders’ value
propositions; (9) value-based software engineering theory, combining the traditional computer science theories with value-based theories (e.g., utility theory, decision theory, dependency theory, and control theory)
to provide processes and framework for guiding VBSE
activities.
Our work contributes to the first item of this list, comparing two value-based requirements engineering methods aimed at modeling business values: e3value and
DVD. These methods are discussed in Section 3.

Figure 1: Example of e3value.

The authors define actors, which may be elementary
or composite, as environment entities that are economically independent of each other. A composite actor is
a group actor with value interfaces of the inner elementary actors. Value interfaces group value ports that provide or request value objects to or from actors or market
segments. A market segment is a group of actors that
share a set of common properties. A set of value objects
defines a value exchange. Value transfers link two value
ports. Value transactions are groups of value transfers.
For a value exchange to take place, actors, or market
segments, must perform a set of operational activities.
The collection of these activities is called a value activity. e3value represents value exchange flows (or value
stream), inherited from Use Case Maps (UCM) [15],
the start (Consumer need) and stop (Boundary element)
stimuli, the AND operators, OR operators and connect
elements [14]. These concepts are absent in the respective metamodel [14]. A connection element links a startstop stimulus to a value interface or links value interfaces of the same actor internally. AND and OR operators are used to split or collapse paths of value flows,
reusing start and stop stimuli, and partial flows.

3. Selected value-driven modeling methods
This section provides an overview of the two valuedriven methods selected: e3value and DVD. Although
these methods share the same objective and basic fundamental concepts, their notations, structure, and construction process are significantly different. The section
finishes discussing existing studies on comparing valuedriven methods.

3.2. The DVD method
The Dynamic Value Description (DVD) method
builds the DVD model to represent value exchanges.
The DVD model is, according to the description of the
metamodel introduced in [12], composed of seven main
concepts [11] and the concepts of the method introduced
in [11, 12]. Figure 2-a shows an example of a DVD
model and its main concepts for an example similar to
that of 1, but here goods can be purchased quickly by
the store from a wholesaler and the shopper makes a secure payment.
Similarly to e3value, actors are economically independent environment entities, the difference being that
the focus of the business analyst is on defining the main
actor (central node of the model), and that the focus
changes throughout the specification process. Each time

3.1. The e3value method
The e3value method is, according to Gordijn [14],
composed of fifteen concepts and is summarized in [11].
In this work, we use the e3value metamodel introduced
in [14] and the concepts introduced in [7]. Figure 1
shows an e3value model with the main concepts, describing an example of a store that sells goods bought
from a wholesaler to shoppers.
3

service agreed among them.
3.2.1. Conceptual comparison
Table 1 presents a mapping between e3value and
DVD concepts, thus facilitating their comparison.
Table 1: Comparing e3value and DVD concepts.

Figure 2: Example of DVD model.

the analyst focuses on one actor (the main actor), identifies new relationships with other environment actors,
thus producing an inter-organizational network. As the
focus changes, new actors and new value exchanges appear, forming new DVD models.

e3value

DVD

Elementary actor
Composite actor
Market segment
Value interface
Value transfer
Value port
Value object
Value exchange
Value transition
Value activity
UCM Start stimulus
UCM Stop stimulus
UCM AND element
UCM OR element
UCM Connect element
-

Main actor or environment actor
Main actor or environment actor
Main actor or environment actor
Aggregated in value exchange
Aggregated in value exchange
Value port
Value object
Value exchange
Aggregated in value exchange
Who starts
Who starts
Logical operator in value element
Logical operator in value element
Value level agreement

The e3value model provides more concepts than the
DVD model, particularly: value activities, UCM elements, elementary actors, composite actors and market segments. On the other hand, a DVD model aggregates (for simplicity) some of these concepts (see
the first three rows in Table 1, for example), and provides the new attribute value level agreement (VLA). A
VLA allows a business analyst to specify non-functional
requirements or the qualities required for each value
exchange. This is important, as the complexity of a
software system is determined by its functionality (i.e.,
what the system does) and global requirements, such
as operational costs, performance, reliability, maintainability, portability, robustness [16]. These global requirements, or non-functional requirements (NFR), typically refer to both the operational quality of a system
and the constraints imposed on a solution [17]. It is,
therefore, possible to define a VLA as an NFR at the
business abstraction level.
In summary, while the DVD model is simpler (less
concepts), e3value is richer, thus allowing the representation of value streams through the combination of various of its elements. However, despite having fewer concepts, the DVD model represents several of the e3value’
concepts but some of these concepts are represented
partially or with a different meaning (e.g., UCMs elements). In summary, the DVD model represents the basic concepts found in a value model (e.g., actors, value,
and the transfer of values between actors) [18]. The

The relationship between the main actor and the environment actor leads to the creation of a value exchange.
A value exchange shows economic reciprocity through
the use of two value ports (arrows connected to value
exchange in Figure 2-a), which point to value objects
(such as money, goods, services). A definition of who
starts the value exchanges using a configuration of arrows between the main actor and the environment actors is provided as follows. As the business analyst focuses on one actor, setting the main actor, the supporting tool displays it as the central node of the model, in
a dynamic manner. For example, if the business analyst
changes the focus of her analysis from the store to the
wholesaler, the DVD method sets the wholesaler actor
as the main actor (see Figure 2-b) and the business analyst can continue specifying the value exchanges. This
second DVD model for wholesaler describes the situation where, if an item of goods is damaged, exchanges
can be made directly with the manufacturer at no additional cost. Therefore, all environmental actors can
be explored with separate DVD models, and the DVD
supporting tool can easily combine all or a subset of the
views. Typically, however, we expect that a DVD model
is focused on a single main actor, the one representing
the business under analysis. Nonetheless, this facility
can be used with advantage to model more complex
and large organizations. Each value exchange requires
a value level of agreement between the actors involved,
which refers to the minimal business rule or quality of
4

DVD concepts proved sufficient in the various case studies developed.

Step 1: Experiment preparation. Following the Goal
Question Metric (GQM) template [24], the goal of our
family of experiments is to analyze DVD and e3value
models and their modeling processes for the purpose
of comparing them with respect to their actual efficacy
(effectiveness and efficiency), perceived efficacy (perceived ease of use and perceived usefulness), and intention to use in order to obtain high-quality value models
from the point of view of both business analysts and
software engineers, in the context of business modelers (novice software engineers and business analysts).

3.3. Existing studies comparing value-driven methods
Some comparisons of value modeling methods have
been reported, but we are not aware of any existing
controlled experiment comparing this kind of methods,
with the exception of our previous work [12] that we
are extending and complementing in this current paper.
The current existing reported studies are rather informal
[10, 11, 19, 18, 20].
Kundisch and John [10] compare 12 different business model representations (e.g., BMO, e3value, REA,
and others) in relation to their domain of origin (e.g.,
business, information systems), main concepts, main
scope, and design tool. The authors informally compare business representations, not offering an experiment with which to provide empirical evidence regarding which of these methods is the most effective under
what circumstances. The work by Gordijn et al. [19]
compares BMO and e3value concepts using a framework that maps the similarity of the concepts of the
methods. This comparison identifies differences and
common characteristics but it is not an experiment to
determine which one is better. Andersson et al. [18]
compare BMO, REA, and e3value, and identify both a
considerable overlap between these methods and their
differences. The basic concepts shared among these
methods are actors, resources, and the transfer of resources between actors. In another work, Gorgijn et al.
[20] compare the iStar and e3value notations to show
their complementarity, also aiming to help in the creation, representation, and analysis of e-service business
models. Finally, Souza et al. [11] compare the e3value
and DVD concepts informally and discuss the design
of a planned experiment. Later [12], we show that the
DVD model represents most of the business concepts included in the e3value model (DVD additionally includes
the notion of value level agreement), and that both value
models were built with similar goals in mind.

Step 2: Context definition. The context of the set of experiments is the quality evaluation of two business models carried out by business modelers. The context is defined by (i) the business model to be evaluated, (ii) the
value-driven modeling method, and (iii) the selection of
participants. Details on the above are provided in Section 5.
Step 3: Experimental tasks. The experimental tasks
were structured to allow the comparison of both methods. Depending on the method, each modeling task was
composed of the method activities that help to achieve
its purpose (e.g., defining a value model). After applying the method, the participants had to fill in a postexperimental questionnaire containing subjective questions regarding their perceptions of the method (see details in Section 5.3).
Step 4: Individual experiments. The family of experiments is summarized in Figure 3. A baseline experiment (UPV) [12] was conducted in Spain. It was first
internally replicated in Portugal (UNL) and later externally replicated in Brazil (UFPE), in order to attain more
evidence for the results obtained after carrying out the
baseline experiment (UPV). The external replications
allowed us to increase the external validity.

4. Method for the family of experiments
A family of three experiments was conducted to empirically compare the two value-driven modeling methods selected. The methodology adopted for the experiments is an extension used by Gonzalez-Huerta et al.
[21] for the five-steps proposed by Ciolkowski et al.
[22]. The experiments were designed and executed by
following the guidelines proposed by Wohlin et al. [23].

Figure 3: Overview of our family of experiments.
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Step 5: Individual data analysis and meta-analysis.
The results of each individual experiment were collected using a spreadsheet and imported to the SPSS v20
statistical tool [25], after which they were analyzed individually. We then joined the data and imported it to the
R Studio tool [26] in order to perform the meta-analysis.
The analysis procedure is detailed in Section 5.6.
5. Baseline Experiment
An initial design for this experiment was presented
and discussed in a workshop held at the ACM/IEEE
MODELS conference [11]. The feedback received during the discussion (for example, about the process used
to measure the effectiveness of the participants) was
taken into account and incorporated into the baseline
experiment. The following subsections define the research questions and hypotheses, the sample and participants, the experimental objects and tasks, the metrics
and design, and, finally, the analysis procedure of the
experiment.

Figure 4: Taxonomy of dependent variables.

• Efficiency, measuring the modeling time (i.e., the
time required to apply the method).
• Effectiveness, measuring the correctness and completeness of the value model created by the participants.
There are also three perception-based variables: Perceived Ease of Use, Perceived Usefulness, and Intention to Use. These variables were identified using the
Technology Acceptance Model (TAM) [27], a widely
applied theoretical model used to analyze user acceptance and usage behavior as regards emerging information technologies through the use of empirical validations and replications [28]. The perceived efficacy [27]
of the method can, therefore, be decomposed into the
following subjective dependent variables:

5.1. Research questions and hypotheses
There are two, the research questions addressed by
the family of experiments:
RQ1 Which of the methods has the higher actual efficacy, e3value or DVD?
RQ2 Is the perceived efficacy and intention to use of
the participants favoring e3value or DVD?
The independent variable of interest is the use of each
value-driven modeling approach with nominal values:
DVD and e3value. Two treatments were, therefore, employed in the experiment: the creation of a value model
for two software systems using the DVD method and the
creation of a value model for the same systems using
the e3value method. The experimental data collected
made it possible to compare the effects of both treatments. Figure 4 shows the taxonomy of the types of
dependent variables used in this experiment.
There are two types of dependent variables in which
the treatments are compared: performance-based and
perception-based. Performance-based variables assess
how well the participants perform the experimental task.
They are used to evaluate the actual efficacy of the methods. Perception-based variables assess the participants’
perceptions of their performance and their subsequent
intention to use the methods DVD or e3value. These
variables are used to evaluate the perceived efficacy of
the methods, and their likely adoption in practice. There
are two performance-based variables:

• Perceived Ease of Use (PEOU), indicating the degree to which a person believes that learning and
using a particular value-driven method would occur with reduced effort.
• Perceived Usefulness (PU), indicating the degree
to which a person believes that using a particular method will increase her/his job performance
within an organization.
• Intention to Use (ITU), indicating the extent to
which a person intends to use a particular method.
It represents a perceptual judgment of the method’s
efficacy, that is, whether it is cost-effective and is
commonly used to predict the likelihood of acceptance of a method in practice.
We formulated several null hypotheses, which were
defined in a one-tailed manner since we wished to analyze the effect of the use of value-driven methods on the
6

Figure 5: Processes for the creation of (a) an e3value model and (b) a DVD model.

described variables. Each null hypothesis and its alternative are presented as follows:

a class exercise on an Empirical Software Engineering
course, which included an introduction to the e3value
and DVD methods. The participants had no previous
experience of value-driven modeling methods before attending this course. However, they had previous experience in modeling software with UML and had an average of three years experience in software development.

• H1-0: There is no significant difference between
the effectiveness of the DVD and e3value methods
/ H1-a: The DVD method is significantly more effective than the e3value method.
• H2-0: There is no significant difference between
the efficiency of the DVD and e3value methods /
H2-a: The DVD method is significantly more efficient than the e3value method.

5.3. Experimental objects and tasks
Two experimental objects were selected from the following two software requirements systems in literature
[29, 30]:

• H3-0: There is no significant difference between
the perceived ease of use of evaluators applying the DVD and e3value methods / H3-a: The
DVD method is perceived as easier to use than the
e3value method.

• Wireless access provisioning (Object1): a hotel offers wireless connectivity to businessmen as an additional service.

• H4-0: There is no significant difference between
the perceived usefulness of the DVD and e3value
methods / H4-a: The DVD method is perceived as
more useful than the e3value method.

• Waste management (Object2): waste is traded between an exporter and an importer. The exporter
usually pays the importer for the waste handling,
but in some cases, the waste can be traded like a
regular good, such as recycled waste.

• H5-0: There is no significant difference between
the intention to use the DVD and e3value methods / H5-a: The DVD method is perceived as more
likely to be used than the e3value method.

The size of these two experimental objects are comparable. The experimental task was to create a value
model following the specific steps of each method
(e3value or DVD). Figure 5-a shows the process employed to create an e3value model [14]. Participants had
to identify a list of scenarios (or short textual descriptions of the product, service, or experience expected by
a customer), after which they had to identify the actors
(who offers and who receives the product, service or experience expected) from the list of scenarios. They then
had to create the initial e3value model using the products and services mentioned in the list of scenarios and

Although we have no reason to believe that one
method is better than the other, the formulation of the
hypothesis starts with the DVD method by chance, and
we could have chosen the e3value method to start those
formulations.
5.2. Sample and participants
The sample in the baseline study is a group of 24
MSc students at the UPV, in Spain. The experiment was
7

also includes three open questions with which to obtain
the participants’ feedback regarding the changes they
would make to improve the method and their reasons
for using a given method in the future (if any). The data
collected was kept anonymous.
The answers to this questionnaire were the basis used
to evaluate the perception-based variables (PEOU, PU,
and ITU). The performance-based variables (effectiveness and efficiency) were evaluated by comparing the
value model created by the participants with the value
model designed by experts and by analyzing the time
required to perform each experimental step.

the actors in the list of actors, and add the macro activities in order to operationalize the value exchange. Finally, they had to insert the UCM elements representing
the paths of all the scenarios.

5.4. Metrics
We used an approach based on the information retrieval theory [32] to obtain a quantitative assessment
of the Effectiveness of value models modeled with both
the e3value and DVD methods. This same approach has
been applied in other software engineering experiments
[33, 34] to compare models created by participants with
an Oracle (the correct model created by an expert) regarding each type of graphic elements through the use
of equations (1) and (2) respectively, for precision and
recall, in which the precisionelement measures the correctness of a graphical element belonging to a given
value model and the recallelement measures the completeness of a value model as regards its graphical element.

Figure 6: Initial oracles of (a) e3value and (b) DVD for Object1.

Similarly, Figure 5-b shows the process of creating a
DVD model. It starts by describing the main actors (the
focus of their analysis) and their related environment actors (the model is created like a mind map). This “main
actor” focus signifies that the participants have to create as many DVD models as necessary to represent the
whole business, after which they must add the value exchanges to the model, define the value elements related
to each value port and continue by determining which
actor originates the value exchange, checking whether
the value elements are specified in the correct value port.
The final step is to define the criteria required for value
exchanges to be performed and it is crucial to understand the business constraints related to each value exchange.
The correct answers for each of the experimental objects are easily modeled in both DVD and e3value methods. For example, Figure 6 shows the correct answers
obtained for the methods e3value (a) and DVD (b) in
the case of Object1. These correct answers are used as a
baseline (Oracle) to measure the models created by the
participants (details in subsection 5.4).
Once the value model had been created, the participants answered the post-experimental questionnaire
[31]. This questionnaire, defined as a Google Form,
contains a set of closed-questions, allowing the participants to express their opinion on the ease of use, usefulness, and intention to use the method in the future. It

precisionelement =
recallelement =

|Pelement ∩ Oelement |
|Pelement |

|Pelement ∩ Oelement |
|Oelement |

(1)
(2)

Accordingly, Pelement indicates all the particular
graphical elements modeled by a participant and
Oelement represents the known correct set of expected
types of graphical elements that can easily be derived
using an Oracle.
Precision and recall quantitatively summarize two
different concepts. We therefore used their harmonic
mean [32] to obtain a balance between the correctness
and completeness of each graphical element in a value
model (equation 3):
F−Measure =

2 ∗ precisionelement ∗ recallelement
(3)
precisionelement + recallelement

The F-Measure quantitatively summarizes the accuracy of a value model as regards its graphical elements
and is compared with an Oracle.
The effectiveness dependent variable is computed as
the arithmetic mean of the entire F-Measure. All the
8

measures above assume values of between 0 and 1.
Whatever the measure is, 0 is the worst value and 1 is the
best. With regard to effectiveness, values close to 1 signify that the participants defined value models the were
very similar to the Oracle. Conversely, values close to
0 indicate that the models were very different from the
Oracle. The effectiveness variable has been defined in
order to give the same relevance to the correctness and
completeness of value models for all the graphical elements of the value model.
The first Oracle was developed by an expert in value
modeling before the experiment (one for each experiment object as can be seen in the Figure 6). In the case
of e3value, the first Oracle was extracted from literature
[29], [30]. As value models could have different levels
of granularity, the expert developed new Oracles with
different levels of abstraction. For example, in the Oracle represented in Figure 6-a, the participants could create only one activity to represent all hotel services (e.g.,
“hotel services” activity within the Hotel actor rather
than creating the “Room resting” and “WIFI access” activities). At the end, we checked the effectiveness of all
models created by the participants against the Oracles,
and the higher effectiveness result was selected.
The three subjective variables (e.g., PEOU, PU, and
ITU) were measured using a 5-point Likert scale questionnaire with a set of 12 closed-questions: 5 questions
for perceived ease of use (PEOU), 5 for perceived usefulness (PU), and 2 for intention to use (ITU) [31].
These were formulated using the opposing statement
format, signifying that each question contains two contradictory statements representing the maximum and
minimum possible values (5 and 1), where 3 is considered to be a neutral perception. The aggregated value of
each variable was calculated as the arithmetical mean
of the answers to the questions associated with each
perception-based variable. We used Cronbach’s alpha
test to evaluate the reliability of the survey and of each
variable.

any treatment or experimental object during the execution. The comprehension of the software systems requirements may also have affect the application of both
methods. We alleviated the influence of this factor by
selecting two representative software systems with requirements of a complexity suitable for application in
the time slot available for the execution of the experiments (2 sessions of one hour each).
Table 2: Experiment design
Groups

Session 1

Session 2

A

Object1, e3value

Object2, DVD

B

Object1, DVD

Object2, e3value

We conducted a pilot experiment with 2 professors
and 1 Computer Science Master’s Degree student at the
UPV. They played no further part in the controlled experiments. The goals of this pilot experiment were to
evaluate all the experimental material, the instructions
regarding the experimental procedure and the task completion time. The results indicated that the experiment
objects were well suited and that one hour were sufficient to accomplish the task. No software tool was used
during the execution of the experiments, to avoid possible usability bias.
A training session explaining the concepts and processes was provided to the participants, who had to create a value model by following the experimental procedure. During the experiment session, the participants were given a pencil, an eraser, sheets of paper
and the printed copy of the experimental material slides
introducing business modeling and value-driven development, slides describing the value-driven development
method and an application example, slides describing
the e3value and DVD methods with an example, the
specification documents of the software systems to be
used in the tasks, and the post-experimental questionnaire. The material was in the participants’ native language (e.g., Spanish). No interaction among participants was allowed and no time limit by which the tasks
had to be completed was imposed. Moreover, we provided no details on how to deal with the modeling tasks,
but any issues concerning the specification documents
were clarified. Finally, the participants were asked to
register their start and end times for each step performed. The answers to this questionnaire were the basis employed to evaluate the perception-based variables
(perceived ease of use, perceived usefulness, and intention to use).
The performance-based variables (effectiveness and
efficiency) were evaluated by comparing the value

5.5. Design and execution
The experiment was planned as a balanced withinparticipant design with a confounding effect, i.e., the
same participants would apply both methods with both
experimental objects in a different order. We formed
two groups (each of which used one method to one experimental object) to which the participants were randomly assigned. Table 2 summarizes the design of the
experiment. The within-participant experimental design is intended to minimize the impact of learning effects on the results since none of the participants repeat
9

model they created with the value model designed by
the expert and by analyzing the time required to perform
each experimental step.

(i.e., Cronbach’s alpha is higher than 0.7 [38]), indicating that the questionnaire is not biased as regards the
perceived-based variables.
Figure 7 shows the analysis procedure used to confirm the results. We first applied the Shapiro-Wilk test
to verify the normality of the distribution of all variables
(effectiveness=0.108, efficiency=0.058, PEOU=0.000,
PU=0.465, and ITU=0.005). The results show that effectiveness, efficiency, and PU have a normal distribution (p-value>0.05). We therefore applied a t-test
(parametric test) to verify hypotheses H1-0 (effectiveness), H2-0 (efficiency), and H4-0 (PU) and a MannWhitney test (non-parametric test) to check hypotheses
H3-0 (PEOU) and H5-0 (ITU).
The p-value results obtained from the t-test were
effectiveness=0.001, efficiency=0.001, and PU=0.121.
As the p-value for PU is higher than 0.05, we can confirm hypothesis H4-0, meaning there is no significant
difference between the methods. Null hypotheses H10 and H2-0 must, however, be rejected because the pvalues for effectiveness and efficiency are lower than
0.05. With regard to PEOU and ITU, the results for
the Mann-Whitney test were 0.000 and 0.031, respectively. As both results are lower than 0.05, we cannot confirm hypotheses H3-0 and H5-0, showing that
the participants perceived the DVD method to be easier
to use than the e3value method (thus confirming H3-a)
and their intention to use DVD in the future is higher
than that of using e3value (thus confirming H5-a). In
summary (see Figure 7), only the result obtained for PU
(H4-0) confirms the null hypothesis (artifact in red).
With regard to the RQ1 (Which of the methods has
the higher actual efficacy, e3value or DVD?), the data

5.6. Analysis procedure
We chose to analyze the data collected with statistical
tests owing to their robustness and sensitivity and because they have been used in similar experiments ([35],
[34]). As is usual, we accepted a probability of 5% of
committing a Type-I-Error [23] in all the tests, i.e., rejecting the null hypothesis when it is true. We tested
the normality of the data distribution by applying the
Shapiro-Wilk test. The results of the normality test
allowed us to select the correct significance test with
which to examine our hypotheses. When data was assumed to be normally distributed (p-value>0.05), we
applied the parametric one-tailed t-test for independent
samples [36]. However, when data did not assume the
normal distribution (p-value<0.05), we applied the nonparametric Mann–Whitney test [37].
5.7. Summary of Results
The results obtained in the baseline experiment show
that the values for all variables are higher for the DVD
method (see Table 3). Before applying the analysis procedure (Section 5.6) in order to confirm the results, we
used the Cronbach’s alpha to examine the reliability of
the questionnaire. The test result for Cronbach’s alpha for the whole questionnaire was 0.928 and that for
each variable was 0.889 (PEOU), 0.802 (PU), and 0.850
(ITU), signifying that the questionnaire is very reliable

Table 3: Descriptive statistics for effectiveness, efficiency, PEOU, PU, and ITU per experiment and method.
Experiment

Number of
observations

UPV

48

UNL

78

UFPE

14

e3value

Variable

Effectiveness
Efficiency
PEOU
PU
ITU
Effectiveness
Efficiency
PEOU
PU
ITU
Effectiveness
Efficiency
PEOU
PU
ITU

DVD

Min.

Max.

Med.

Mean

Std.
Dev.

0.26
15
1.6
1.8
1
0.22
7
2
2.16
1.5
0.11
24
1
1
1

0.75
56
5
5
5
0.82
64
4.25
4.33
4.5
0.65
63
4.25
4.2
5

0.55
30.50
3.40
3.40
3.25
0.55
25
3.25
3.33
3
0.43
30
3
3.16
3.50

0.56
33.08
3.41
3.29
3.10
0.54
29.33
3.10
3.36
3.19
0.44
38.71
2.92
2.85
3

0.11
10.85
0.87
0.66
1.09
0.14
15.89
0.61
0.58
0.74
0.18
16.55
1.36
0.99
1.29
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Min.

Max.

Med.

Mean

Std.
Dev.

0.50
6
1.2
1.6
1
0.14
4
3
2.83
2
0.33
6
2.75
3.2
3

1
37
5
5
5
1
49
5
4.83
5
1
42
5
5
5

0.87
16.50
4.70
3.80
4.00
0.81
20
4.25
3.66
3.5
0.83
23
4.75
3.50
3.50

0.83
20.04
4.25
3.66
3.75
0.75
21.72
4.31
3.76
3.73
0.73
21.57
4.32
4.04
3.64

0.14
9.89
0.99
0.95
0.96
0.22
13.24
0.61
0.55
0.87
0.28
12.20
0.82
0.79
0.97

Figure 7: Analysis procedure employed for the experiment in Spain (UPV).

shows that the PU result for the DVD method is higher
than that of the e3value method, we believed that H4-0
would be rejected if we increased the number of participants. We consequently performed a replication with
more participants at the UNL in Portugal. Second, we
felt the need to execute an experiment with experienced
participants with a business background in order to verify whether the results would hold, thus increasing the
validity of the results. This replication was performed
at UFPE in Brazil. It is essential to highlight that, with
the exception of the experimental material which was
translated into the participants’ native language (e.g.,
Portuguese-PT and Portuguese-BR), we did not change
any of the experimental conditions of the experiment
conducted in Spain. These experiments are, therefore,
exact replications of the baseline experiment.

analysis results indicate a significant difference between
the methods concerning efficiency (time required to create the model) and effectiveness (correctness and completeness of the model). One plausible justification
for this result is that DVD facilitates the representation
of the business economic point of view, thanks to its
cognitive-based, semi-structured nature. With regard to
RQ2 (Is the perceived efficacy and intention to use of the
participants favoring e3value or DVD?) the data analysis results show that the perceived efficacy is higher for
the DVD method. However, the results show no significant difference between the methods for perceived
usefulness (PU). This is not surprising as both methods
share the same goal and represent the same central economic concepts. In the case of perceived ease of use
(PEOU), the results indicate that the DVD method is
significantly easier to use than the e3value method. We
also associate this result with the DVD method being
being structured as a cognitive mind map.

6.2. Sample and participants
The sample in the replication was composed of 46
participants: 39 MSc students in Computer Science
in Portugal and 7 Business Management PhD students
in Brazil. The 39 MSc students in Computer Science in Portugal were attending the “Software Engineering” and “Requirements Engineering and Software
Architecture” courses at Universidade NOVA de Lisboa (UNL). These participants had no previous experience with value-driven modeling methods, but they
were experienced in software modeling. In particular,
they were familiar with UML and had an average of
three years of experience in software development. The
experiment took place during April 2017. The 7 Business Management PhD students in Brazil were attending the “Business Process Modeling” course at the Universidade Federal de Pernambuco (UFPE). Before attending this course, these participants had theoretical

6. Experimental Replications
This section discusses the experimental replications.
6.1. Motivation
The need to carry out replications (in Portugal and
Brazil) of the controlled experiment performed in Spain
is justified for two principal reasons. First, the null hypothesis H4-0 (there is no significant difference between
the perceived usefulness of the DVD and e3value methods) could not be rejected in the (baseline) experiment
performed in Spain. This means that the participants
perceived both methods to be equally useful for defining value models. As the descriptive statistics analysis
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knowledge of value modeling (e.g., REA [39] and BMO
[40]), but no previous experience in the methods used
in the experiment. It is worth noting that the Brazilian experiment is important because all the participants
are also professionals from industry with more than five
years of experience. Despite the small number of participants, the experiment had a balanced within-participant
design, what means that the number of observations
generated is double the number of participants. The experiment took place during June 2017.

could apply a parametric statistical test to analyze them.
However, it was necessary to apply a non-parametric
statistical test to analyze the remaining variables.
We applied a t-test to compare the results obtained
for effectiveness (0.001) and PU (0.003). These results allowed us to reject hypotheses H1-0 and H4-0
(p-value<0.05), meaning that the participants obtained
higher quality value models when applying DVD and
that they perceived it to be more useful for creating
value models than the e3value method.
With regard to the efficiency, PEOU, and ITU variables, the non-parametric test used to compare the results was the Mann-Whitney test. The results were efficiency=0.029, PEOU=0.001, and ITU=0.009. This
allowed us to reject hypotheses H2-0, H3-0, and H50 because the p-value<0.05, signifying that participants created the DVD models significantly faster than
the e3value models. The DVD method was also perceived to be considerably easier to use than the e3value
method and the participant’s intention to use DVD in
the future was substantially higher than that of using
e3value. Overall, these results confirm that the participants were more efficient and effective when using the
DVD method. Unlike the baseline experiment, the results for all the variables in Portugal favored the DVD
method, and both research questions (e.g., RQ1 and
RQ2) obtained positive responses.

6.3. Results
This section discusses the results from the replications performed in Portugal (UNL) and Brazil (UFPE).
6.3.1. Internal Replication (UNL)
Similarly to the results obtained in the UPV experiment, the descriptive statistics results for all the
variables of the UNL experiment also favor the DVD
method (see Table 3). Again, Cronbach’s alpha was
used to examine the reliability of the questionnaire, and
the result obtained for the questionnaire was: PEOU
questions = 0.803, PU questions = 0.705, ITU questions
= 0.732, while that for the whole questionnaire = 0.858.
This means that the questionnaire can be considered reliable (Cronbach’s alpha is higher than 0.7 [38]).
Figure 8 shows the analysis procedure used to confirm the results of this experiment. After using the process described in the previous section, the Shapiro-Wilk
test resulted in the following values for each variable:
effectiveness=0.077, efficiency=0.001, PEOU=0.005,
PU=0.407, and ITU=0.005). Given that p-value > 0.05
for effectiveness and PU, we concluded that the effectiveness and PU data had a normal distribution, so we

6.3.2. External Replication (UFPE)
The descriptive statistics results obtained for the
UFPE experiment show that the DVD method is better ranked in all variables (see Table 3. The results of
Cronbach’s alpha show that the questionnaire is reliable (all questionnaire=0.952, PEOU questions=0.939,

Figure 8: Analysis procedure employed for the experiment in Portugal (UNL).

12

PU questions=0.920, and ITU questions=0.784), as
Cronbach’s alpha is higher than 0.7 [38], thus allowing us to apply the analysis procedure. The
Shapiro-Wilk test was used to verify the normality
of the distribution for each variable. The results
(effectiveness=0.618, efficiency=0.263, PEOU=0.048,
PU=0.230, and ITU=0.413) show that all the variables have a normal distribution, with the exception of PEOU which has a p-value<0.05. The nonparametric Mann-Whitney test was consequently applied in order to verify hypothesis H3-0 (PEOU),
while the parametric t-test was applied to verify hypotheses H1-0 (effectiveness), H2-0 (efficiency), H40 (PU), and H5-0 (ITU). The result of the tests was:
effectiveness=0.044, efficiency=0.048, PEOU=0.048,
PU=0.030, and ITU=0.316. All the variables, with the
exception of ITU, have a p-value<0.05, signifying that
the null hypotheses can be rejected and confirming the
alternative hypotheses H1-a, H2-a, H3-a, and H4-a can
be confirmed. In others words, the results show that the
participants were more effective and efficient when using the DVD method and they also perceived DVD to be
easier to use and more useful than the e3value method.
With regard to ITU, as the result obtained from the test
was higher than 0.05, we cannot confirm hypothesis H5a, meaning that there is no significant difference between the participants’ intention to use these methods
(although the mean value obtained for the DVD method
is higher than that obtained for e3value. In summary,
the results of this experiment show that DVD was considered better in relation to the variables analyzed, with
the exception of ITU.

Figure 9 shows the analysis procedure used to confirm the results of this experiment.
7. Meta-Analysis
Among the existing statistical methods to aggregate
results from interrelated experiments [41, 42], metaanalysis allows more general conclusions to be obtained
and was, therefore, chosen for this study. Meta-analysis
is a set of statistical techniques that can be used to combine and contrast the results (e.g., patterns and sources
of disagreement) of multiple scientific studies [43].
Figure 10 shows the forest plot (or blobbogram) provided by the R Studio tool [26] used. The square expresses the magnitude of the effect of the method while
the dimensions of the square are proportional to both
the weight of the experiment in the meta-analysis and
the number of participants. The result for studies with
a large sample size is more accurate, meaning that they
make a greater contribution to the overall effect [34].
The effect size obtained in our meta-analysis varies between small and medium in all cases. This may indicate
that it will be necessary to perform further replications
with a larger sample of participants. Despite this, and
given that no other similar studies exist in the literature,
the present results are still useful and and of interest to
the community.
The confidence intervals of each experiment are represented by horizontal lines. We considered a confidence interval of 95 percent for each experiment. When
these horizontal lines cross over the central vertical line
of the graph, this means that there is no significant difference between the means of the methods (e.g., PU in

Figure 9: Analysis procedure employed for the experiment in Brazil (UFPE).
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Figure 10: Meta-analysis blobbogram for effectiveness, efficiency, PEOU, PU and ITU.

the experiment conducted in Spain and ITU in the experiment conducted in Brazil). The diamonds represent
the overall conclusion. The summary measure is the
central line of the diamond, while the associated confidence interval is the lateral tips of the diamond. When
the diamond crosses over the central vertical line of the
graph, this means that there is no significant difference
between the aggregated result. As this did not occur in
our meta-analysis, the aggregated result was, therefore,
always favorable for one of the methods.

tiveness graph) and we can, therefore, reject all null hypotheses. In summary, the meta-analysis strengthens the
results obtained in the individual experiments.
8. Discussion of the results
Figure 11 summarizes the descriptive statistic results
for the three experiments. The small number of outliers were discarded from the data analysis. These outliers occurred because some participants did not participate in the training session, or arrived late. They just
attended the review that was held before each experimental section.
Table 4 summarizes the results for the various hypothesis (where an accepted null hypothesis means no
significant difference between e3value and DVD, and

Despite the fact that the null hypotheses H4 (related
to PU) and H5 (related to ITU) could not be confirmed
in the UPV and UFPE experiments, the overall results of
the meta-analysis have a significant positive effect. The
diamonds are always positioned on the DVD method
side (for example, on the right-hand side of the effec14

Figure 11: Actual efficacy (effectiveness and efficiency), perceived efficacy (PEOU and PU), and ITU grouped by methods of experiments performed in (a) Spain, (b) Portugal, and (c) Brazil.
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an accepted alternative hypothesis means that the result
favors DVD). Besides, we calculated the value of Cohen’s d [44] and the effect-size correlation (effect size
r) [45] using the means and standard deviations of two
groups (treatment and control)1 . The sign of our Cohen’s d effect (Cohen’s d column in Table 4) indicates
the direction of the effect. In the case, the negative sign
means that the direction of the effect is in favor of the
DVD method. Note that Cohen’s d result for efficiency
is positive, meaning that the participants took longer to
model using e3value. In other words, the least efficient
method is the one that has the positive result. Regarding
the effect size r, Cohen provided rules for their interpretation, suggesting that an effect size r between |.10|
and |.29| represents a “small” effect size, between |.30|
and |.49| represents a “moderate” effect size, and larger
than |.5| represents a “large” effect size [44]. The last
column in Table 4 shows that the effect size of our experiments is, mainly large and moderate. Even though
we have some results with small effect size, we believe
that the results of our family of experiments are still
relevant to the community because there are no other
works that empirically compare value-driven development methods (as previously discussed in Section 3.3).

aggregated experiments results confirm a significant difference between the methods regarding efficiency (time
required to create the model) and effectiveness (correctness and completeness of the model). One plausible justification for this conclusion is that the DVD method
facilitates the representation of the business from an
economic point of view, thanks to its cognitive-based,
semi-structured nature. Moreover, the DVD method
has fewer concepts which might also have a positive
effect on the modeling time and the participants’ perceived ease of use. The responses for the open questions from the questionnaire indicated that the e3value
method has a weak separation of concerns [48]; it represents static (e.g., objects) and dynamic (e.g., scenarios) business concepts in the same model, thus making
the value model complex and arduous to build. Furthermore, the participants indicated that “DVD is very
simple, intuitive, and easy to use”, or “I would use it
[DVD] because it is not difficult to understand and it
would be simple to explain to my clients, saving time in
modeling this business point of view”, or “It [DVD] is
not hard to understand and it uses a simple structure”,
or still “[DVD] makes the business model construction
an effective and fast step”.
In summary, the DVD method appears to represent
the essential business value concepts in a structured
manner, thus making it a concise technique. The DVD’s
structure is based on mind map diagrams and inherits
the well-known benefits of this structure (e.g., organization, use of keywords, association, grouping ideas, visual memory, and simplicity [49]). The consequence
of being concise and having a simple structure seems
to help DVD attain more positive results than e3value.
(Note that, efficiency in Figure 10 may seem misleading. This is because efficiency is measured in terms of

8.1. Which of the methods has the higher actual efficacy, DVD or e3value? (RQ1)
The descriptive statistics for effectiveness and efficiency indicate that the DVD method performs better
than the e3value method in the experiments performed
in Spain, Portugal, and Brazil. The meta-analysis for the
1 Details on how to calculate Cohen’s d and effect size r can be
found in [44, 46, 47].

Table 4: Summary of the results of all experiments, where X means hypothesis accepted and X means hypothesis rejected.
Experiment

UPV

UNL

UFPE

Variable

Null hypothesis

Alternative hypothesis

Effectiveness
Efficiency
PEOU
PU
ITU
Effectiveness
Efficiency
PEOU
PU
ITU
Effectiveness
Efficiency
PEOU
PU
ITU
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Cohen’s d

Effect size r

-2.14
1.25
-0.90
-0.45
-0.63
-1.13
0.52
-1.98
-0.70
-0.66
-1.23
1.17
-1.24
-1.32
-0.56

-0.73
0.53
-0.41
-0.22
-0.30
-0.49
0.25
-0.70
-0.33
-0.31
-0.52
0.50
-0.52
-0.55
-0.26

Effect size interpretation
Large
Large
Moderate
Small
Moderate
Moderate
Small
Moderate
Moderate
Moderate
Large
Large
Large
Large
Small

modeling time, meaning that the larger the result, the
less efficient the method is, which is why the result for
efficiency may appear to be the opposite).

use DVD in the future (when appropriate). Given that
the Brazilian participants are practitioners, they suggested that the DVD method needs a supporting tool and
integration with business processes (e.g., BPMN [52])
to represent the value stream throughout the business activities. With regard to the integration issue, we would
like to emphasize that a DVD model provides a point of
view of the business. It needs to be complemented with
other models (e.g., process models or goal models) for
a more complete representation of the whole business.
It is worth highlighting that the DVD method follows
a model-driven approach and provides model transformations to the BPMN model [52] (and also to KAOS
[53], iStar [54] and SOA services) [50, 51], but this was
not part of the experiment. Moreover, even though the
e3value method represents value streams (using UCM
elements), the result of the descriptive statistics for ITU
favored the DVD method.
The questionnaire’s open questions also show that the
likelihood of intention to use the methods in the future
is probably related to the easiness of using the method,
as per answers like “it [DVD] is easier to use and fast
to create. Because of this, I would use it in the future”,
or “I would not use it [the e3value] because it requires
a lot of effort to modeling, and provides a complex and
confusing diagram. The cost benefit does not pay. I
would use it, if it was simpler and more objective”.
For perceived ease of use (PEOU), results show that
DVD is significantly easier than e3value in all the experiments. We also associate this result with the mind
map roots of the DVD model. This conclusion is reinforced by the positive answers obtained from the participants’ questionnaire, such as, “(DVD) is easy to understand, simple, and clearly shows those who make
the most important exchanges” and “I would use this
method thanks to its simplicity regarding its use and understanding by non-expert users”.
Nevertheless, the responses to these open questions
also indicated that the participants had some difficulties
in understanding the meaning of some modeling elements (e.g., “[I would like to advise against] using such
complicated symbols”). We plan to perform a new empirical study with the aim of defining a more representative iconography for these methods based on Moody’s
physics of notation theory [55]. This would be useful as
regards improving the visual notation of both methods,
thus making them easier to understand and use.

8.2. Is the perceived efficacy and intention to use of the
participants favoring e3value or DVD?
The result of the descriptive statistics analysis of the
replications are in line with the experiment baseline (at
UPV). Upon considering the analysis of the hypotheses, the results of the replication contradicts the baseline experiment in relation to PU and ITU. With regard to the PU, we did not confirm a significant difference between DVD and e3value in the UPV experiment (H4-0 was confirmed). However, we believed
that H4-0 would be rejected if we increased the number of participants because the analysis of the descriptive statistics in the baseline experiment favors the DVD
method. The results of the UNL replication confirmed
what we believed, in other words, H4-0 was rejected
(the DVD method is perceived as significantly more
useful than the e3value method). In the UFPE replication, we changed the participants’ background from
Computer Science to Business Management. The result
for PU in this replication is also favors DVD, and the
reason might be that no prior IT knowledge is required
to create a DVD model.
The meta-analysis confirmed that, in spite of the result obtained in Spain (UPV), DVD is perceived to be
more useful than e3value. One plausible justification
for this result is that the DVD method also facilitates
the extraction of business knowledge in order to design
information systems [50, 51].
One interesting finding that we have identified after
carrying out the UFPE replication is that the different
backgrounds of the participants (e.g., Computer Science
and Business Management) did not significantly alter
the results of the experiments. Only the ITU result contradicts those of the other experiments (e.g., UPV and
UNL), being significantly higher for for DVD in Spain
(UPV) and Portugal (UNL). However, this was not confirmed in Brazil (UFPE), despite the fact that the mean
obtained for DVD (3.64) was slightly higher than the
one obtained for e3value (3). As the analysis of the descriptive statistics in the UFPE replication shows that
the ITU result for DVD is higher than for e3value, we
believe that H5-0 (there is no significant difference between the intention to use the DVD and e3value methods) would be rejected if we were to increase the number of participants with a business background.
In addition, even when considering the result obtained in Brazil, the aggregated results of the experiments confirm that the participants have the intention to

9. Threats to Validity
We must consider certain issues which could threaten
the validity of this experiment. With regard to its inter17

nal validity, the main threats are: learning effect, fatigue
effects, participant experience, information exchange
among participants, understandability of the documents,
and instrumentation validity. The learning effect was
mitigated by ensuring that each group of participants
worked with the two methods, on two different experimental objects, using a within-participant experimental
design. We mitigated the fatigue effects by executing
the experiment in a time slot of 1 hour per session. Regarding the participants’ experience, the random heterogeneity of subjects is always present when experimenting with students and we are also conscious that they
had no previous knowledge of the value-driven methods
being compared. Furthermore, if the knowledge of the
students involved in the experiment could be assumed
to be comparable to that of junior industry professionals, the working pressure and the overall environment
in industry is different. The experiment should be replicated with participants with experience in value-driven
modeling. Nevertheless, the experience collected in this
first study allows us to refine the material and tasks with
the objective of performing a replication in an industrial
setting. In order to minimize the information exchange
among participants, they were monitored by the experimenters to avoid communication biases while performing the tasks. The understandability of the material was
alleviated by performing a pilot study and making it
available in three languages (Spanish, Portuguese-PT,
and Portuguese-BR). Finally, the selection of different
objects in the study may have affected the instrumentation validity and thus biased the results. We mitigated
this threat by conducting a pilot experiment to assess
both the complexity of the objects and to attempt to
identify mistakes in the experimental material.
With regard to external validity, the main threats are:
representativeness of the results, and the size and complexity of the tasks that might affect the generalization
of the results. The representativeness of the results may
be affected by the software systems used and the context of the participants selected. We mitigated the selection of software systems by considering a set of artifacts
with a similar size and complexity, containing representative artifacts from an existing value-driven development method (i.e., e3value). The size and complexity
of the tasks may also affect the external validity. We
decided to use relatively small tasks since a controlled
experiment requires that participants complete the assigned tasks in a limited amount of time. To confirm or
contradict the achieved results, we plan to conduct case
studies with larger and more complex tasks.
With regard to construct validity, the main threats
are: the measures applied in the data analysis and the

reliability of the questionnaire. We mitigated this by
using measures that are commonly applied in other
empirical-based software engineering works (including controlled experiments [23, 34, 56, 57] and metaanalysis [58, 59, 60, 61]). In particular, effectiveness
was measured using an information retrieval based approach (see Section 5.1). The subjective variables are
based on TAM [27, 28]. The reliability of the questionnaire was tested using the Cronbach test.
With regard to conclusion validity, the main threats
are: the data collection and the validity of the statistical tests applied. In the case of the data collection,
we applied the same data-extraction procedure in each
individual experiment and ensured that each dependent
variable was calculated with the same formula. With regard to the validity of the statistical tests proposed, we
chose those that are most commonly employed in the
empirical software engineering field (both for a simple
experiment and for meta-analysis) owing to their robustness and sensitivity [62]. Finally, the meta-analysis results may be threatened by the reduced sample size. The
effect size for each dataset was found to be small and
moderate. To investigate this issue, we plan to conduct
further experiment with a large number of participants.
10. Conclusions and future work
This paper reports the results of a family of three controlled experiments carried out to compare two value
modeling methods: the widely used e3value method and
the Dynamic Value Description (DVD) method. Running a family of experiments rather than an individual experiment provides more evidence about the external validity – including the generalizability – of results [63, 64]. The same hypotheses were tested in three
different contexts (Universitat Politècnica de València
in Spain, Universidade NOVA de Lisboa in Portugal,
and Universidade Federal de Pernambuco in Brazil),
employing two different profiles of participants (Master’s Degree and PhD students) with two different backgrounds (computer science and business management).
We created sufficient realistic experiment objects for
small businesses, and used no support tool to create the
corresponding value models, thus avoiding any usability
bias. We initially performed the controlled experiment
in Spain, and replicated it in Portugal and Brazil with
the objective of increasing the evidence and confirming
the results obtained with the Spanish participants.
The results show that the efficiency and effectiveness
of the DVD method is higher than that of the e3value
method as regards representing the business economic
18

point of view in a value model. We also noticed a significant difference among the participants’ perceived ease
of use, perceived usefulness and intention to use, with
the results favoring the DVD method. These results
confirm that DVD is a promising method with which
to specify business value models.
From a research perspective, the application of the
DVD method during the experimental sessions showed
us that it could be improved in certain respects (e.g.,
the elicitation of the VLA and iconography). In addition, owing to its simplicity, we believe that DVD can
be used to facilitate the knowledge transfer from the
business management area to the information technology area during an information system development.
From a practical perspective, we are aware that this
study provides preliminary results on the efficacy of
DVD as a business value modeling method. Although
the experimental results provided good results, these results need to be interpreted with caution since they are
only valid within the context established in this family
of experiments. It is now necessary to analyze whether
the same results will be obtained with more practitioners
and with new experimental objects. Nevertheless, this
study has value as a first family of experiments used to
evaluate the business value modeling methods with the
objective of providing evidence of their efficacy.
Tool support is currently being developed for the
DVD method in order to facilitate the value modeling in
addition to the generation of the BPMN and goal models using model-driven techniques. In the near future
we plan to extend these experiments to explore the how
well these methods support knowledge transfer from
the business domain to the information systems domain.
We additionally plan to carry out a new empirical study
to define more a representative iconography in so as improve the effectiveness and ease of use of both methods.
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