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Abstract

To verify whether or not migration technologies can be adopted, systematic and quantitative evaluations should
be performed. In this paper we present the results of a controlled experiment aimed at assessing the usefulness of an
Eclipse plug-in, named MELIS (Migration Environment for Legacy Information Systems). This plug-in has been
developed to support the migration of legacy information systems to a web-enabled multi-tier target architecture
according with an incremental migration strategy. The context of the experiment was constituted of master students
in Computer Science at the University of Salerno. The subjects without COBOL programming experience, while
half of them had J2EE programming experience. The results of the experiment confirmed that the use of MELIS

increases the productivity with respect to the use of traditional development tools.

1. Introduction

Research in the empirical software engineering field aims at acquiring general knowledge about which process,
method, technique, language, or tool is useful for whom to conduct which tasks in which environments
[51[18][19][31]. In particular, empirical studies should be devised to transfer software engineering technologies
produced in research laboratories to practitioners and to evaluate whether they potentially fulfill the industry needs
[6][22][28].

To verify whether or not software engineering technologies can be adopted, systematic and quantitative
evaluations should be performed in terms of surveys, controlled experiments, and case studies [6][39]. Among these
evaluation techniques controlled experiments are recognized to be important means since they represents the

classical scientific method for identifying cause-effect relationships [31].



In [16] we presented the results of a research project aimed at defining methods and at developing tools to
migrate the legacy systems of a small/medium Italian software enterprise towards modern web architectures. In
particular we defined a migration strategy and developed an Eclipse plug-in, named MELIS (Migration
Environment for Legacy Information Systems), to support the migration of the graphical user interface, and in the
restructuring and wrapping of the original legacy code. The plug-in and the migration strategy have been evaluated
in a case study [16] conducted on one of the more relevant legacy system of the software enterprise. The
management of the software enterprise also required to experiment the usefulness of the migration technology. To
this end two controlled experiments were concurrently carried out. In particular, the contexts of these experiments
were constituted of master students and professional programmers of our industrial partner, respectively. We varied
the context variables in the environments in which the outcomes were achieved to identify potentially important
environmental factors that could affect the use of MELIS, thus understanding and improving its external validity
[7].

In this paper, we present the controlled experiments performed with master students. It was mainly due to
number of available observations that are larger than the number of observations concerning the controlled
experiment carried out in with professional programmers. The data analysis of the presented controlled experiment
revealed that the productivity is increased of a factor 5.6. Moreover, according with the outcomes of the other
controlled experiment’, we also observed that the use of traditional development tools require more time to perform
the migration tasks when the subjects do not have specific competences.

The remainder of the paper is organized as follows: Section 2 presents MELIS and the migration strategy.
Section 3 illustrates the controlled experiment and discusses the results, while related work is discussed in Section

4. Final remarks and future work conclude the paper.

2. Related Work

A significant number of researches have been carried out on the definition and development of tools for the
migration of legacy systems [10][11][12][13][29][33][35], and recently on the migration to web technologies
[31[4]1[91[14][26][36]. A classification of the current approaches to evolve LISs toward new technological
infrastructures was described in [29]. The authors also suggested guidelines and a methodology for the migration of
transaction oriented systems together with some tools to reduce the time, the human resources, the global costs, and
risks of a migration process. Both the tools and methodology have been assessed in a set of laboratory case studies.

Nowadays the migration of legacy systems to the web is widely investigated [3][4][8][9][36]. Many of the
strategies proposed are referred to decomposable or semi-decomposable software systems. In particular, Aversano
et al. [3][4] proposed the main results of a migration project aimed at integrating an existing COBOL system into a

web-enabled infrastructure. The original system was semi decomposable with a client component (represented by
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the user-interface) and a server component (represented by the application logic and database). The Graphical User
Interface was manually migrated to Microsoft ASP, while the server component was wrapped with dynamic load
libraries.

Bodhuin et al. in [8] described an approach to migrate a COBOL system easy to decompose towards a web-
enabled architecture based on Model View Controller (MVC). The software components of the original LIS are
identified using slicing techniques. These components are restructured and then turned into JAVA classes by using
the PERCobol tool [21]. The same authors have presented in [9] an approach and a tool also based on PERCobol to
migrate a non-decomposable LIS to two-tier web-enabled architecture. A Screen Proxy was introduced for the
management of the requests coming from or going to the user interface.

Generally, the migration of LISs to the web involves two main activities: wrapping of the original legacy code
and reengineering of user interfaces. The wrapping techniques have a relevant role in the migration
[21131[41181[9]1[32] and in the decomposition into client and server components [12][13] of LISs as well. For
example, wrapper interfaces have been used by legacy or ex-novo software components to use the encapsulated
components in a transparent way. Sneed [35] proposed tools and wrapping techniques, where online programs were
transformed into data driven subprograms which process an XML-document. Differently, batch programs were
adapted to read and write XML-documents. Finally, in subprograms parameters were set from an XML-document.
Recently, Sneed in [37] has been extended this approach to enable the integration of a legacy system into a Service
Oriented Architecture.

Regarding the reengineering of user interfaces, in the literature interesting researches based on data-flow analysis
[24] and State Transition Diagrams [10][38] as well as on techniques derived from artificial intelligence [25] have
been proposed. For instance, Moore and Moshkina [26] described an architectural restructuring aimed at migrating
character-oriented user interfaces to a web based front end. The reengineered interfaces were event driven to better
respond to the users’ interactions. To meet the growing needs of a business company, a technique for reengineering
user interfaces as a consequence of the LIS wrapping is proposed by Sneed in [33]. An approach to migrate
character based user interface to any client devices is proposed in [10]. This approach exploits a black-box
technique for capturing the dynamic and static models of the user interfaces and reproduces them on client devices
with the support of a software wrapper. XML and XSL technologies are used to reproduce the LIS original user
interface. Also in this case a wrapper was designed to satisfy service stability, data integration, and application
integration requirements. In this paper the authors also presented both a methodology and a toolkit to design the
wrapper and to support its application, respectively. The approach took into account user interfaces based on
characters and forms, whereas the checks are performed when all the input fields are filled in. An extension of the
approach to a Service Oriented Architecture has been proposed in [14].

In most cases, the migration methods and tools presented in the literature have been assessed in case studies. The
drawback of this empirical method is that determining trends and statistical validity is often difficult because each

development is relatively unique. As a consequence, it is difficult to compare two different development profiles



[40]. To the best of our knowledge no controlled experiment has been published concerning the effectiveness and

usefulness of software migration technologies.

3. Migration Process and Tool

Due to the assessment of the legacy systems of the software enterprise, which revealed that these systems have a
very low decomposability degree [11], we adopted a migration strategy to reengineer the user interface using web
technology, turning interactive legacy programs into batch programs and encapsulating them using a
communication wrapping layer. The wrapper is in charge of enabling the new user interface to interoperate with the
restructured and wrapped legacy program. The adopted solution enables an incremental migration of the legacy
programs or subsystems composing the LIS, thus preserving the past investments and reducing risks and costs of a
mass replacement [11][34].

Figure 1 shows the adopted target architecture. The Wrapper component is a middleware enabling the
communication between the Restructured LIS and the reengineered user interface. The original LIS is turned into a
batch program (Restructured LIS) and all the interactions with the user interface are redirected to the wrapper
component. The legacy user interface is reengineered in two components, namely the Reengineered GUI and the
GUI Deliverer. The Reengineered GUI includes the JSP pages replacing the original user interfaces of the LIS,
while the GUI Deliverer includes Java Servlets and Beans used to manage the control logic of the web user interface
and access the functionalities of the Restructured LIS. The GUI Deliverer accesses the Reengineered GUI to get the
web pages required to accomplish a given functionality. The communication with the wrapper is implemented using
either RMI (Remote Method Invocation) or SOAP (Simple Object Access Protocol).
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Figure 1. The target software architecture



In order to use the Wrapper in the migration of any LISs, we developed it as a generic component. In particular,
it is implemented as a Dynamic Load Library (DLL) and provides two different interfaces to the GUI Deliverer and
to the Restructured LIS, respectively. The wrapper is also in charge of starting the Restructured LIS, when a user
accesses the first time the system and manages the synchronization of the execution between the new web based
user interface and the Restructured LIS. More details on the target architecture can be found in [16].

Figure 2 shows the migration process in terms of an activity diagram with object flow. The Pre-processing phase
is semi-automatically supported by MELIS and provides details on the types and attributes of each graphical object
composing a SCREEN SECTION (a specific COBOL section used to define dialogs with users). The structure of
the SCREEN SECTIONSs and the corresponding graphical objects are encoded in a XML file. In particular, this file
hierarchically organizes SCREEN SECTIONS, graphical objects, and the control checks of a given COBOL
program. The first level of the hierarchy reports the names of the SCREEN SECTIONS, while their graphical
objects and the corresponding BEFORE and AFTER clauses are shown at second and third level, respectively.
These clauses are represented as leaf nodes of the hierarchy together with the names of the associated procedures

implementing the corresponding field checks.
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The XML file is automatically produced by MELIS and is successively enhanced by the developers according to
the identification of the checks that can be migrated to the client. To this end the BEFORE and AFTER clauses are
classified as: format check operations, which are migrated to the client, and field database access or application
logic operations, which are left on the restructured COBOL program and invoked using the Wrapper component.
The classification of the BEFORE and AFTER clauses is suggested by MELIS to provide developers a
semiautomatic support. To this end, MELIS highlights the original legacy code in yellow, when the checks could be
migrated to the client side, in red otherwise. The format checks are embedded in the XML file in terms of javascript
functions. To further support the developer, MELIS also proposes a library of reusable and customizable javascript
functions, which can be used in the migration of format check operations.

During the Restructuring and Wrapping phase the LIS code is restructured to become a batch program. This is
the most challenging phase of the migration process and is semi-automatically supported by MELIS. In particular, it
automatically comments (through a “*”) the statements DISPLAY (used to visualize a SCREEN SECTION) and
ACCEPT (used to get data from a SCREEN SECTION) and then replaces them by calls to the Wrapper component.
Transitions between SCREEN SECTIONS are preserved in the reengineered graphical user interfaces as well as the
error handling. An ACUCOBOL-GT compiler has also been integrated within MELIS to re-compile the restructured
ACUCOBOL-GT program.

The GUI-Reengineering phase produces the web based graphical user interface starting from the intermediate
SCREEN SECTION representation. In particular, the software engineer uses MELIS to generate a JSP page for
each SCREEN SECTION of a given ACUCOBOL-GT subsystem. Moreover, to enable the communication between
each JSP page and the restructured legacy code both a servlet and a Java bean are also generated. The Java bean
contains the fields of the SCREEN SECTIONS and is built from the XML description contained in the enhanced
user interface model.

It is worth pointing out that the JSP pages generated by MELIS are very similar to the original one, but they can
be eventually modified or enhanced by using the MELIS authoring feature. To obtain the more appropriate look and
feel and to easily modify the reengineered user interface once the restructured LIS has been integrated and deployed
Cascading Style Sheets (CSS) has been adopted in the reengineered graphical user interfaces.

Finally, the Integration phase enables the integration of the restructured legacy code and reengineered web based
graphical user interfaces. In this phase the developer first compiles the restructured legacy code using the
ACUCOBOL-GT compiler and then deploys the reengineered web based graphical user interfaces on the Web
Server node and the compiled code of restructured legacy program on the Application Server node. MELIS fully

supports the compilation of the restructured legacy code and the deployment of the reengineered user interface.

4. The Controlled Experiment

In this section we describe the controlled experiment following the template suggested by Wohlin et al. [39].



4.1 Experiment definition and context

In this work we analyze and evaluate the usefulness of MELIS in the migration of legacy systems towards a web
based multi-tier architecture and the possibility of adopting MELIS by programmers without a deep knowledge of
the COBOL programming language.

The subjects of the experiment were twenty eight master students in Computer Science at the University of
Salerno. The subjects were volunteers with comparable background except for the knowledge on the J2EE
technology. Indeed, fourteen had J2EE programming experiences, while the remaining subjects have not used this
technology before the experiment. Since the two groups of students had homogenous background, we randomly
grouped them in fourteen development teams each composed of a subject familiar with J2EE technology and a
subject not familiar with this technology. All the recruited subjects were not familiar with MELIS as well as the
supported migration strategy.

The experiment has been performed online at the University of Salerno in the software engineering laboratory.
The PCs used in the experiment had a comparable hardware configurations and the same operating system. Due to
the number of subjects and available PCs, we performed the controlled experiment in two days. In particular,
sixteen subjects carried out the controlled experiment on the 20" of October 2006, while the remaining the 23™ of
October 2006.

The following are the selected migration tasks that the development teams had to carry out during the controlled
experiment:

e T;: migrating an ACUCOBOL-GT program computing the basic arithmetic operations, i.e. addition,
subtraction, multiplication and division; (196 LOCs)

e T, migrating an ACUCOBOL-GT program to achieve the age of a person considering his/her birthday. This
program presents three embedded controls to check the inserted month, day, and year. (238 LOCs)

The tasks T, and T, were constituted of 196 and 238 LOCs, respectively and were selected to be accomplished
within 3 hours and a half and in order to propose the majority of the problems that a developer could encounter in
the migration of an ACUCOBOL-GT program. Once the development teams accomplished the tasks, the
restructured legacy code and the reengineered graphical user interfaces have to be integrated and deployed within
the target architecture.

Two different migration methods, i.e. PL and NOPL, are used to perform the migration tasks. Both methods
migrate the legacy programs to the target architecture shown in Figure 1 that includes the built-in wrapper
component, according to the migration process in Figure 2. The difference is that PL is performed using the MELIS
Eclipse plug-in, while NOPL is performed using the development environments: ACUBENCH [1], an
ACUCOBOL-GT environment (used to restructure and wrap the original legacy code), and Lomboz [23], an Eclipse

plug-in to develop J2EE applications (used for the reengineering of the web based user interface).



4.2 Hypothesis

This controlled experiment aims at confirming that on average the use of MELIS improves the developers’
productivity in the migration of ACUCOBOL-GT programs with respect to the use of traditional development tools.
Therefore, we have formulated the following null hypothesis:

e H,: the use of MELIS does not significantly affect the effort to migrate an ACUCOBOL-GT program to the
web;

The alternative hypothesis is:

e Hg;: the use of MELIS significantly affects the effort to migrate an ACUCOBOL-GT program to the web;
The migration effort includes both the effort to comprehend the original ACUCOBOL-GT program and the times

required to carry out all the phases of the migration strategy.

4.3 Selected variables and experiment design

In order to properly design the experiment and analyze the results, we considered the following independent
variables:
e Method: this variable indicates the factor on which the study is focused, i.e. PL and NOPL.
e Task: the migration tasks described in Section 4.1.
e Lab: the experiment is organized in two laboratory sessions, i.e. Labl and Lab2.

The dependent variable is the time required to migrate the assigned tasks, as mentioned before it includes the
times to comprehend the migration task and to carry out the phases of the migration process.
All combinations of the factors Method (PL and NOPL) and Task (T; and T,) represent the considered treatments.
To avoid results to be biased by group ability, each group experienced both Methods and both Tasks over two
subsequent laboratory sessions (Labl and Lab2). Also, to minimize the learning effect, we needed to have groups
starting to work in Labl with or without MELIS on both the migration tasks. Table 2 summarizes the experiment

design.

4.4 Preparation

As mentioned above, the number of development teams was much more than the number of experiment
supervisors and available PCs, thus we divided the subjects in two groups and carried out the controlled experiment
in two days. Details on the preparation of the controlled experiment in terms of activities and their schedule are
reported in Table 1. In particular, the first and the second rows of this table contain the activities of the first and
second group, and the corresponding laboratory sessions, respectively. The subjects of the two groups together

attended a training session on the migration strategy and MELIS, and then on the ACUCOBOL-GT programming



language. Differently, the first group carried out the controlled experiment the 20" of October 2006, while the
second group the 23" of October 2006.

The two groups of subjects also attended a training session separately on the controlled experiment before
accomplishing both the laboratory sessions. The training session aimed at providing all the recruited subjects an
equal prior knowledge and to deeply describe the software applications, target architecture, and migration process.
To let subjects more confidence with the MELIS plug-in some examples (not related to the tasks to avoid biasing
the experiment) were also presented. The training sessions were concluded presenting detailed instructions on the

tasks to be performed.

Table 1. Experiment schedule

10/17/2006 10/18/2006 10/20/2006 10/23/2006
Morning Morning Morning Afternoon Morning Afternoon
Introduction of the
First Introduction of Training
migration strategy and of . Labl Lab2
group ACUCOBOL-GT session

the MELIS plug-in

Introduction of the . o
Second o Introduction of Training
migration strategy and of . Labl Lab2
group . ACUCOBOL-GT session
the MELIS plug-in

Table 2. Experiment design

Groups
A B C D
Labl T1 PL T1_NOPL T2 PL T2_NOPL
Lab2 | T2 NOPL T2 PL T1_NOPL T1 PL

In order to assess the usefulness of MELLIS, its ease of use, and how much time subjects spent using it, at the end
of each laboratory session, the survey questionnaire shown in Table 3 has been presented. The questionnaire is
composed of questions expecting closed answers according to the five-point Likert scale [27]: from 1 (strongly
agree) to 5 (strongly disagree).

Regarding the preparation of the PCs of the software engineering laboratory used in the controlled experiment,
we installed MELIS, ACUBENCH [1], and Lomboz [23]. ACUBENCH and Lomboz were used for the NOPL

method.

4.5 Material and execution

The development teams accomplished each laboratory session without time limit. Once the tasks of the

laboratory sessions were migrated the teams filled in the survey questionnaire, while the supervisors collected the



software artifacts produced during the laboratory sessions, namely the restructured ACUCOBOL-GT programs and
the reengineered graphical user interface. The supervisors also collected the log files containing the information
traced by MELIS.

Table 3. Survey questionnaire

] Question

Q1 I had enough time to perform the assigned task

Q2 The objectives of the assigned task were perfectly clear to me

Q3 The task | had to perform was perfectly clear to me

The material given to me provided enough information concerning the

o task to perform

05 | believe that the restructuring of the original ACUCOBOL-GT program
was simple

06 | believe that that the reengineering of the original graphical user
interface was simple

o7 | believe that the integration and the deployment of the migrated

ACUCOBOL-GT program was simple

How much time (in terms of percentage) did you spend to restructure the
Q8 original legacy code (A < 25% - B >= 25% and < 50% - C >= 50% and <
75% - D >= 75%)?

How much time (in terms of percentage) did you spend to reengineer the
Q9 user interface (A < 25% - B >= 25% and < 50% - C >= 50% and < 75% -
D >= 75%)?

How much time (in terms of percentage) did you spend to integrate and
Q10 | to deploy the migrated ACUCOBOL-GT program (A < 25% - B >= 25%
and < 50% - C >=50% and < 75% - D >= 75%)?

In order to carry out the controlled experiment each development team was provided with a folder containing a
pencil, some white sheets, and the following hard copy material:
1. The introductory presentation of the experiment;
2. Depending on the method, we provided the MELIS user manual and the guideline to migrate the assigned task
or a set of user guidelines to migrate ACUCOBOL-GT programs without the MELIS support;
3. The source code of the ACUCOBOL-GT programs, to be migrated in the two tasks;

4. The survey questionnaires to be filled in at the end of the two laboratory sessions.
4.6 Experiment results
The raw times collected at the end of the controlled experiment are shown in Table 5. This table details the times

expressed in minutes, grouped by laboratory sessions, treatments, and development teams. Instead, the descriptive

statistics of the experiment are reported in Table 4. As shown in this table, the development teams spent on the



average about 47 minutes to migrate the assigned ACUCOBOL-GT programs using MELIS, while they spent on
average about 262 minutes without using it. Therefore, the time to migrate a program using the MELIS plug-in is on
the average 17.86% of the time to migrate the same program without the plug-in. Moreover, let us also note that the

time to migrate the task T, is more than the time to migrate the task T, for both the treatments.

Table 4. Descriptive statistics

Task | Method Min Max Mean Median | Std. Dev.
NOPL 174.00 | 335.00 | 262.3571 | 296.5 52.59220

Al PL 25.00 72.00 | 46.8571 48 14.44809
NOPL 174.00 | 335.00 | 250.5714 227 58.96569

™ PL 25.00 64.00 | 45.4286 49 15.37159
NOPL 192.00 | 314.00 | 274.1429 290 46.81677

T PL 34.00 72.00 | 48.2857 47 14.53403

The times to perform the migration tasks according to the considered treatments are summarized by the boxplots
in Figure 3. This figure does not present outliers and shows a good distribution of the time to accomplish the tasks
T, and T, using MELIS. Also, the boxplots of the NOPL treatments do not present outliers. The boxplots of the
treatments NOPL are more skewed than the boxplots of the treatments PL, while the task T, has a distribution more
symmetric than the distribution of the task T,. Thus, we further tested the normality of the raw times according to
the considered methods PL and NOPL using both Kolmogorov and Shapiro-Wilk [30] tests. These tests revealed
that the null hypothesis (i.e. the sample is taken from a normal distribution) cannot be rejected, since the p-values

are larger than 0.05.
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Concerning the hypotheses of the controlled experiment, the H,; null hypothesis can be rejected with a
significance level of 95% as the Wilcoxon paired test [15] revealed. In particular, the results of this test indicate that
there is a statistically significant difference between the use or not of the MELIS plug-in on the time to migrate the
assigned tasks (z = -4.623, p = 0.000).

We also used a two-way Analysis of Variance (ANOVA) [17] to investigate the effect of the selected dependent
variable and the considered factors. We adopted this technique to test null hypotheses about the effects of other
variables on the means of various groupings of a single dependent variable. We also investigated the interactions
between the factors as well as the effects of individual factors. In particular, the results of the two-way ANOVA test
(see Table 6) revealed that the interaction between Method and Task is not significant. On the other hand, there is
very highly significant (p-value = 0.000) effect of the Method overall, while the Task factor is not significant (p-
value = 0.380). Further ANOVA analyses revealed no significant dependency of the similarity on the Lab
(indicating absence of learning effect) and on the considered teams. We also applied the Friedman non-parametric
test to confirm the results of the two-way ANOVA test. In particular, this test revealed that the Method variable and
the dependent variable are related (p-value = 0.000). Moreover, this test also indicates that there is a statistically
significant relation of the distributions of the dependent variable and the Task variable. This could be essentially
due to the embedded control flow of the task T2.

Table 5. Raw data expressed in minutes

Groups
A B C D
Teaml | Team2 | Team3 | Team4 | Teaml | Team2 | Team3 | Teaml | Team2 | Team3 | Team4 | Teaml | Team2 | Team3
Labl 59 30 64 49 212 227 335 35 37 72 47 234 192 314
Lab2 290 313 265 311 51 34 62 217 174 274 315 35 25 56
Table 6. ANOVA table of similarity by Method and Task (R? = 89,9%, R?*(adj) = 88,7%)
Type 11l Sum Mean -
Source :)/: Squares of Square F vaplue
Method 325081.75 1 | 325081.75 | 212.601 | 0.000
Task 1222.321 1 1222.321 0.799 0.380
Interaction 750.893 1 750.893 0.491 0.490
Residual 36697.714 24 1529.071
Total 1033047 28

The data collected from the survey questionnaire are summarized by the boxplots of Figure 4. In particular, the

answers of the survey questionnaire corresponding to the tasks T, and T, are summarized by the boxIpots on the left

hand side and on the right hand side, respectively. The analyses of the collected data showed that the time to



perform the tasks T; and T, was considered appropriate as well as their objectives (see boxplots of the questions Q1
and Q2). The subjects also considered clear the assigned tasks as the answers of the question Q3 revealed. A
positive judgment was also expressed on the hard copy material provided as support to accomplish the tasks T, and
T,.

The boxplots of the question Q5 revealed that the subjects manifested different judgments on the program
restructuring simplicity. In fact, the answer distributions are skewed as the tails of these boxplots shown. Regarding
the question to assess the simplicity to migrate the graphical user interface of the ACUCOBOL-GT programs
(question Q6) the subjects expressed a good judgment on the average.

The agreement level regarding the integration and the deployment of the migrated programs of the tasks T; and
T, was quite concordant and adequate as the boxplots of the question Q7 revealed. However, results showed (with
p-value 0.004 computed with Mann Whitney U-test) that subjects performing the task T, felt simpler the integration
and the deployment of the migrated program than the subjects performing the task T,. Once again this could be due
to the embedded control flow of the task T,. We also used the Mann Whitney U-test to verify that the subjects found
simpler the integration and deployment phase when the MELIS plug-in was adopted (p-value 0.022) to migrate the
assigned tasks. The answer analysis of Q10 revealed a good agreement level on the integration and deployment
phase. It is worth mentioning that considerations on the question Q8 and Q9 cannot be performed because of the

distribution of the corresponding answers.

Agreement
T1 T2
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Figure 4. Boxplots of the survey questionnaire



4.7 Threats to validity

In this section we describe the threats to validity (i.e. internal, construct, external, and conclusion) that could
affect the results of the controlled experiment.

The internal validity threats are relevant for our study since we aimed at concluding that MELIS made a
difference in the migration of LIS to the web according to the proposed migration strategy. The key question in
internal validity was whether observed changes can be attributed to the learning effect and not to other possible
causes. The internal validity threats are mitigated by the experiment design, since each group worked, over the two
laboratory sessions, on two different migration tasks and with two different Methods (PL and NOPL). This result
was confirmed by the two-way ANOVA test, which did not reveal a significant learning effect of the subjects across
the laboratory sessions. On the other hand, the survey revealed that the subjects found clear everything regarding
the migration tasks. Although the subjects applied the migration strategy and adopted the target architecture, they
know neither the objective of the experiment nor its hypothesis. Finally, we did not evaluated subjects on their
performance within the laboratory sessions at the end of the experiment.

The proper design of the experiment also enabled to mitigate the construct validity threats. Depending on the
treatment, the measurement of the dependent variable was performed either analyzing the log files produced by
MELIS or considering the times gathered by the supervisors. Finally, the survey questionnaire was designed using
standard ways and scales [26].

External validity refers to the approximate truth of conclusions involving generalizations. In the controlled
experiments carried out using both master students and professional programmers we would like to generalize the
achieved outcomes. In both the context the subjects were very representative of the population since they were
either master students with J2EE knowledge or professional developers with ACUCOBOL-GT programming
experience. Moreover, both the experiments were based on the same process, software tool, and the migration tasks,
thus generalizing the environmental factors.

The conclusion validity is the most important of the four validity types because it is relevant whenever someone
is trying to decide if there exists a relationship in the considered observations. A definition of conclusion validity
could be: the degree to which conclusions we reach about relationships in our data are reasonable. Regarding our
experiment proper tests were performed to statistically reject null hypotheses. Non-parametric tests were used in
place of parametric tests where there were not the conditions necessary to use parametric tests. Also, ANOVA

results were confirmed by non-parametric tests (Friedman test).

5. Conclusion and Lesson Learned

This paper presents a controlled experiment to assess the effectiveness and usefulness of a migration
environment, named MELIS [16] (Migration Environment for Legacy Information Systems). MELIS is an Eclipse

plug-in supporting the strategy proposed in [16] for the migration of legacy information systems implemented in



ACUCOBOL-GT towards a web based multi-tier architecture. Indeed, MELIS supports the software engineer in the
migration of the graphical user interface, and in the restructuring and wrapping of the original legacy code.

Our aim consisted on one side of identifying potentially important environmental factors that could affect the
results of the migration tool under investigation, thus helping to understand its external validity [7], and on the other
side of investigating the effort to migrate COBOL program without having any experience on migration
technologies. Regarding the migration effort, the data analysis revealed that the time to migrate a program using
MELIS is on the average 17.86% of the time to migrate the same program using traditional development tools, i.e.
our plug-in increases the productivity of a factor 5.6. Conversely, the controlled experiment carried out in the
context of professional programmers, revealed that on average the use of MELIS increases the productivity of a
factor 4 with respect to the use of traditional development tools. This difference was essentially due to the time to
perform the migration tasks using the traditional software tools. In fact, to migrate the tasks using the traditional
software tools the professional programmers spent less time, while the time to accomplish the tasks were
comparable when MELIS was used. Thus, we can assert that MELIS partially fills the gap between programmer
with COBOL competences and master students without specific experience.

The survey revealed that the master students appreciated the support provided by MELIS especially in the user
interface reengineering, and integration and deployment phases.

The controlled experiment also revealed a number of directions to improve the usefulness of MELIS. A first
direction would be to add some feature to further automate the restructuring of the legacy code. A second direction
should aim at adding new features to better support the integration of the restructured legacy code with the
reengineered graphical user interface as well as to fix some bugs identified during the deployment and use of the
migrated system. Finally, some usability problems that the subjects detected and promptly annotated on the survey

questionnaire will be also addressed.
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