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Abstract: Highways play an important role in countries’ economy improvement as they are the major
transportation facilities. Highway construction project needs effective planning method to overcome its
complicity. Line of Balance is the most effective technique for scheduling such projects. Computerization
of this technique to cover highway construction is very powerful to obtain the full advantages of this
technique as computer-based program can simplify the mission of end users. The software was build
using Visual Basic to ensure flexible code and interactive user-interface. The developed software was
verified and validated through extensive testing during and after its building. The result of test showed its
correctness and effectiveness to attain objectives.
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1. Introduction

Construction of a highway system as a part of public infrastructure is a significant
way for any country to improve its economy [1, 2, 3, 4]. Transportation in developing
countries typically depends on a road network rather than on other modalities.
Therefore, there is high demand for construction of new roads to connect city centres
with the new expanding districts and other locations[5]. However, little researches on
highway constructionare implemented [6], and research on this topic is in great demand

[7].
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Generally, construction projects are complex and require high management
efforts[8].Planning which is the core of the effective project management[9, 10, 11]is a
challenge in construction projects[8].Planning of highway construction can be
considered as an essential process [12, 13]to ensure efficient construction management
that lead to attain project objectives in lowest time and cost. In addition, proper
planning in highway projects eliminates work stoppage and prevents technical,
economical, and legal problems. In contrast, improper planning in highway construction
industry may lead to costly problems due to the size of such projects[3].

Line of Balance (LOB) can be considered as the most effective technique for
presentation of linear construction projects with receptive activities such as highway
works[14]. In contrast with network methods, planning based on Line of Balance
(LOB) technique can be considered as the most appropriate technique for highway
construction projects as they involve repetitive environment[14-16]. In spite of the
advantages of LOB technique on other scheduling methods such as bar charts and
critical path method (CPM)[17-19], its use is still limited[20] in comparison with the
use of computerized packages of CPM due to their availability and simplicity [10].

Mostly, participants in highway construction management such as planners,
construction managers, and contractor representatives deal with LOBmanually. This
means that they must remember all parameters during planning which is
impractical[11],costly and time consuming[8]. They may avoid computerized
techniques due to their complexity; whereas, the aim of computerization is
simplification of the planning process not the opposite. A number of commercial
software packages such as Asta, Vico and DYNAProject are available in this domain.
However, the available computerized packages are suitable for experts in the domain of
LOB technique[11, 21]. In addition, these packages deal with general projects but not,
specifically, with highway projects. Therefore, there is a clear demand for simple and
user friendly software to be suitable for novice users specialized in highway projects.
Based on these facts, this study aims to build software in this domain to be used by
novice users to obtain LOB diagrams and tables in highway construction projects
simply and accurately. The proposed software can simplify the novices’ mission
through providing them with predesigned lists involved typical highway construction
activities. In addition, the proposed software can be used by users with intermediate
experience as well as experts to obtain rapid and accurate results in the study domain.
Furthermore, it can suggest a number of recommendations to solve disputes that
interrupts the construction process.

Visual Basic (VB) programming language was used to build the proposed software
due it its advantages such as visual capabilities that help users to deals with programs
easily. VB, also, is capable to provide accurate calculations. The present software
involves easy and user-friendly input-output user interface to encourage the users and
simplify their mission. The software can be update easily and can be expanded to
involve other types of projects that exhibit repetitive activities such as railways, tunnels,
and pipelines.
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2. Literature Review

LOB technique assumes stable production rate for all activities in a project.
Compared to other scheduling techniques, LOB involves several advantages such as: (1)
it is an effective tool for progress monitoring; (2) It presentsprogram bottleneck that
lead to schedule slippage; (3) It minimizes conflicts among units and provides smooth
procession of crews. The advantages of LOB lead to an expansion in its use among the
workers in construction industry. Therefore, researchers paid efforts to study, improve,
adopt, and apply this technique in different domains. This review deals with researches
in construction domain. Table 1 covers 21 researches in planning of projects with
repetitive nature. The parameters related to these researches are abstracted in Table 1.
The review shows that two researches were developed in highway engineering domain.
However, these two researches based on traditional manners and not computerized in
software. On the other hand, 5 researches adopted software to treat the problems. One of
the five was specialized with housing projects and four can deals with general
construction projects. Among the four, two researches deal with repetitive scheduling,
one deals with linear scheduling, and one deals with general scheduling; however, no
one is specialized in LOB specifically. Based on this review, a number of software
packages were developed for general projects. However, no research was implemented
to build software for LOB technique in highway construction specifically. Therefore,
this study covers the gap in this domain.

3. Software Building

In order to build the software in this study, the domain was covered with an
extensive literature review to ensure the effectiveness of the study and to build useful
software which is the main objective of this study. The steps of software building are
presented in the following sub-articles

3.1. Selection of Software Building Environment

Several programming environments are used to build software such as conventional
programming languages (Pascal, C, and Visual Basic (VB)) and general purpose
programming languages (Prolog, Lisp, Loops, and OPS5). Conventional programming
languages are designed and optimized for procedural manipulation of data such as
numbers and arrays.

In building the proposed software, the present research chose Visual Basic, one of
the most widely used computer programming languages, in building the software. It not
only creates Windows programs, but also takes full advantage of the graphical way that
Windows works by letting programmers develop their systems by using a computer
mouse. Visual Basic is truly revolutionary and gives programmers a much more
capable, efficient, and flexible way to write computer software programs [22]. This
programming language offers ease of use, which is a requirement of the user interface
[23]and writes codes in a simple syntax in a natural mathematic language.
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Visual Basic is an event-driven language in which code is executed in response to

events. These events come from either Windows itself or the users. Visual Basic uses

forms designed to interact with the user running the system. The Windows dialogue box

guides the user when operating the system.

Visual Basic makes programming enjoyable and reduces the effort required of the

programmer. While it simplifies programming and makes it as easy as dragging graphic
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objects onto the screen by using a mouse, the programming language forms the
background of everything that occurs in a running Visual Basic program. However, the
language is a secondary consideration to user interface. A Windows program offers a
high degree of user interaction by using graphical elements that form the objects on the
window which the user sees.

Visual Basic provides the developer with the power and flexibility required to
support a complex application. In addition, VB can provide the software with
computing speed and flexibility and offers a large set of tools which allow the developer
to build and design customized software suitable for the intended application. This
process requires long development time and skill of experienced programmers to
develop sophisticated and appropriate software. The developed software is a Windows-
based application created in the Visual Basic development environment which contains
all resources to build powerful Windows-based programs efficiently and quickly. The
main advantage of Windows is the use of graphic packages, conventional programming
languages, and popular data files to interface with the user, thus making human
computer interaction easier and more natural [22, 23].

3.2. Software Coding

Objects of the present software are non-functional unless acode in event procedures
is written to enable a response to system actions. Therefore, the developer wrote a code
that controls every object in the software. In addition, the code was written to drive
logical and mathematical operations. Moreover, a specific code was written to connect
controls and forms in the present software. Another code was written for a variety of
purposes, such as code for capturing incorrect inputs (message box code) and remarks’
code. Remarks do not execute any function in the software. However, they are kept in
the code window to help the developer and updater during the programming process by
defining the components’ names and variables, describing the code procedure, and
separating the procedures.

Visual Basic assigns a default name to each object, which is used during coding and
operation. The developer changed the default names with clearer, more expressive
names related to the functions of each command. Visual Basic established a framework
of event-driven procedures to enable the developer to add codes. The format for each of
these subroutines (all object procedures in Visual Basic are subroutines) is as follows:
Sub Object Name_Event (Optional Arguments)

Code: invoke event 1
Code: invoke event 2
End Sub

Visual Basic provides the Sub line with its arguments (if any) and End Sub
statement. The developer provides the required code, and Visual Basic automatically
builds a framework of all event procedures. The developer adds code to event
procedures to obtain a response from the required application. Code is a number of
statements which work together to perform events in the present software. The simplest
statement used in the present software is the assignment statement. It consists of a

variable name followed by the assignment operator (=) and followed by some sort of
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expression. Assignment statement stores information. Comment statements begin with
the keyword (Rem) or a single quote ('). Expressions in the present software work with
three types of operators, namely, arithmetic operators, comparison operators, and logical
operators. The arithmetic operators carry out arithmetic operations, such as
exponentiation (), multiplication (*), division (\), addition (+), and subtraction (-). Six
comparison operators were used in coding of the present software, namely, greater than
(>), less than (<), greater than or equal to (>=), less than or equal to (<=), equal to (=),
and not equal to (<>). The result of a comparison operation is a Boolean value (true or
false). Two logical operators were used in the present software code, namely, AND and
OR.

Developing software that will perform without errors at the first attempt is nearly
impossible. The present software encountered a few errors after it was completed and
has undergone numerous modifications until all functional requirements worked
properly. Errors may occur during program coding under Visual Basic or any other
programming language. These errors must be captured and corrected to ensure that the
product is error-free. To capture and correct errors in the present software, the developer
performed several single tests during the coding process. Unit testing and integrated
testing were performed. Unit testing involves testing the units one by one in separate
testing activities. This testing was continually performed during all stages of the present
software development to verify that each unit in the system performs its intended
function. The developer checked the internal structure of the software by covering all
possible combinations of constants, variables, relationships, and source code paths.
Errors were diagnosed during the testing process and corrected while the software was
still under construction and before transforming it into an executable version. The
developer performed integration testing to verify that all units operate together as
expected [39]. To run the system, the user shall provide the required inputs. Input data
are processed in the software to provide the user with outputs (LOB table and LOB
diagram). The developer tested the interaction between the user and the present
software. Similar to unit testing, integration testing was periodically performed during
the present software building to verify its capability to execute the intended functions.
Three types of errors were captured in the present software testing, namely, syntax
errors, runtime errors, and logic errors. Syntax error (or compiler error) is a mistake
(such as a misspelled property or keyword) that violates the programming rules of
Visual Basic. Visual Basic points out several types of syntax errors when entering a
statement in the present software, which prevents it from running. The developer fixed
all these syntax errors. A runtime error causes the present software to stop unexpectedly
during execution. Runtime errors occur when an outside event or an undiscovered
syntax error forces the present software to stop in the middle of an operation. For
instance, it occurs when the file name or object name (control name) was misspelled or
when the intended event does not exist. In such cases, the software stopped running and
Visual Basic displayed a runtime error message which alerted the programmer to a bug
in the code. Visual Basic provides a debug button to help programmers capture errors.
When the developer pressed “Debug,” Visual Basic highlighted the error. Logic error is
a human error that causes the program code to produce wrong results. The developer
performed extensive debugging to track down and eliminate logic errors.
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The source code of the developed software has multiple forms connected in one
structure. The source code (with the extension .vbp) was designed for the use of the
developer who is responsible for developing and updating the software. To run the
source code, the Visual Basic programming language package needs to be installed in a
computer. The developer ensured that this version is verified and free of bugs. An
executable version (with the extension .exe) was created for the end-user. This version
is protected and uneditable.

3.3. Design of User Interface

User interface is the interface between user and software. The user communicates
with the software via this interface. Generally, user interfaces obtain information needed
to obtain the objective by asking the user to answer questions or prompting the user to
provide relevant information in a preformatted manner. User interfaces should be
designed in such a way that they effectively collect information and structurally present
the whole software without restricting the overall performance. A good graphic user
interface also reduces the required learning time and the number of mistakes made by
first-time users. Regardless of how well the internal code is organized or how effective
the software’s performance is, the quality of user interface design alone may determine
the fate of the software.

The developer started building the system by creating a new project under the Visual
Basic environment. Visual Basic creates at least one form with each project. Each form
includes the interface window (screen) and code window. Fig. 1 and Fig. 2 illustrate
examples of input and output interface windows respectively.

The developer designed the interface windows to be clear, user-friendly, and
interactive. The interface window includes a number of components or controls (each
represents a tool) such as frames, labels, text boxes, images, option buttons (radio
buttons), checkboxes, command button, combo boxes, and message boxes.

Each control was designed to perform a specific function in the software. Each
interface window includes the title bar and the “minimize”, “maximize”, and “close”
buttons. Forms and controls are called objects. The developer utilized the Visual Basic
to design clear interface windows by using a variety of colours for background and
texts. Changes in colours, fonts, and other visual effects were used to draw the user’s
attention to some points.
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Figure 2: Output user interface window (an example).

4. Software Verification

Software testing is the first step of verification. Two testing types, namely, informal and formal
testing, are conducted. The developer conducts informal tests to measure the development
progress and to find errors or exceptions. For this type of testing, wide input data ranges are used
to assess whether the test data are reasonable for the software. Formal testing, on the other hand, is
requirement driven and is performed to verify that the software is ready for its intended use and to
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demonstrate that the software meets requirements. Verifications are performed prior to the
completion of the system. During the development process, the uncompleted system is subjected
to frequent informal testing. Whenever a new object (function, class, database, and so on) is
developed, the system developer must perform informal tests by using wide test data ranges which
aim to capture any error or exception from the newly developed component. Informal testing (unit
testing and integrated testing) was extensively performed on the developed software as previously
described.

Formal testing was performed by design of a questionnaire survey based on a 5-point
Likert scale to test users’ satisfaction with the software. Four groups of users were
selected to participate in this survey. The first group includes 4 computer specialists;
one with PhD in information technology and three with Master in software engineering.
The second group includes two professionals in project management (both have PhD in
civil engineering). The third group includes 2 professionals in highway construction.
The fourth group consists of 8 novice engineers.

The software was used by the participants to evaluate it depending on the
questionnaire presented in Table 2. The result of evaluation reflects the satisfaction of
the users through their high mean ratings (more than 3). Satisfaction of the users in all
groups (computer professionals, experts and novice engineers) indicates that the user
interface is friendly. Questionnaire reliability was statistically tested by calculating the
Cronbach’s alpha, which was 0.946, indicating high reliability.

Table 2. Results of software testing

Questions Mean Value Standard Deviation
1 The software is easy to use 4.3 0.68
2 The software runs quickly 5.00 0.00
3 The user interface is user friendly 4.56 0.61
4 Obtaining an explanation from the software is easy 3.8 0.39
5 The explanations are useful 3.8 0.39
6 Help facilities are effective 3.68 0.46
7 The questions are helpful 3.75 0.43
8 The questions are clear 3.75 0.43
9 The terms are clear 3.75 0.43
10 Presentation of results is clear 4.13 0.70
11 Presentation of results is complete 4.30 0.60
12 ES-CCPRHP is helpful to provide solutions 4.25 0.66
13 Generally, | am satisfied with the software 4.25 0.66
5. Validation

Validation is performed to ensure that the softwareworks accurately [39] andgives
correct results to obtain the objectives. The satisfaction of the four professionalsin Table
2 can be considered as an evidence for the software’s validation as they are satisfied
with the input-output system, software speed, help facilities, and other components. In
addition, several projects were performed using the software and were compared with
manual calculations and graphing. The results of the software were in line with manual
ones. In addition, the software results were more expressive and accurate.
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6. Software Updating

The developed software can be updated easily by the developer or by any competent
Visual Basic user under the supervision of a civil engineer. The source code of software
includes remarks to simplify the update operation, especially when the updater is not the
developer.

7. Conclusions

Line of Balance is an effective technique in highway construction planning. This paper
presents the development of software for scheduling of highway construction projects using Line
of Balance technique to help the engineers in this domain. The software was build using
Microsoft Visual Basic. The software was built with a flexible code and interactive
graphical user-interface to simplify the using and updating. The softwarewas verified
and validated by extensive testing. The results of testing proved that the system is built
correctly and can efficiently provide the accurate outputs in a clear form; generally, the
system is acceptable with 4.25 on a scale of 5.The software also has a flexible and
friendly user interface based on evaluation of the users with different backgrounds. The
developed software can be used by novices to obtain accurate outputs. In addition,
professionals can use the developed software to obtain rapid outputs. Due to flexible
coding of the developed software, it can be expanded to include other types of projects
in transportation such as railways and tunnels and other types of project with repetitive
nature such as pipe lines and channels. Moreover, it can be expanded to include other
linear construction scheduling techniques.
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