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Learning Outcomes

At the end of this lecture, students should be able to:
• describe the basic issues related to managing programmers
• describe how cultural issues can affect systems development
• identify the different types of documentation associated with an information 

system
• describe how to develop the documentation of an information system
• describe how object-orientation affects software testing
• elaborate unit testing, integration testing, system testing, and acceptance testing
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Introduction

Construction is the development of all parts of the system, including
• the software itself,
• documentation, and
• new operating procedures.

Construction deals with implementation, testing and configuration, and change 
management workflows.
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Managing Programming

Programming is the largest, but least risky part of systems development.
• Project failure is not usually due to poor programming, but due to poor analysis, 

design, installation, or project management.
• Most organizations devote more time to testing and evolution than to 

programming

The project manager's tasks during the process of programming:
• assign programming tasks
• coordinate activities
• manage the programming schedule
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MANAGING PROGRAMMING

Assigning Programming Tasks
• The project manager first groups together modules that are related, and then 

assigns the groups of modules to programmers on the basis of their experience 
and skill level.
• The project manager must deal with a mismatch between the available 

programming skills and the programming skills that are needed for the project.
• The best size for a programming team is the smallest feasible one that can 

function as independently as possible.
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MANAGING PROGRAMMING

Coordinating Activities
• Coordination can be done through both high-tech and low-tech means.
• The simplest approach is to have a weekly project meeting.
• Another important method is to create and follow standards.
• Many project teams set up three "areas" for programmers: development area, 

testing area, and production area
• Implement change control techniques:

• Keeping files and programs in different places according to completion status
• Using a program log to keep track of program changes

• Many CASE tools are set up to track the status of programs and help manage 
programmers
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MANAGING PROGRAMMING

Managing the Programming Schedule
• The initial time estimates must be refined as the project progresses during 

construction.
• Build a 10% error margin into all schedules

• A common cause for schedule problems: scope creep
• Occurs when new requirements are added to the project after the system design was 

finalized
• Changes become more expensive when added later in the project schedule

• Another common cause: unnoticed day-by-day small slippages in the schedule 
• This can gradually add up to large schedule problems

• Risk assessments can help predict problems
• Evaluate their likelihood
• Evaluate their impact
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Cultural Issues

• Offshore outsourcing introduces potential cultural conflicts
• Context may influence a person's ability to see potential solutions
• Individualism vs. collectivism may determine how people work together and how 

they view intellectual property
• Monochronic vs. polychronic determines how people view deadlines

• Monochronic cultures: deadlines are critical
• Polychronic cultures: deadline is nothing more than a suggestion

• Other issues (Hall & Hofstede):
• Power distance
• Uncertainty avoidance
• Masculinity vs. femininity
• Long-term vs. short-term orientation
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Designing Tests

The purpose of testing is to uncover as many errors as feasible.
• impossible to prove that the system is error-free
• too expensive to look for all possible bugs
• testing should uncover differences between what the system actually does and what the 

system should do

Four stages of testing:
• Unit tests
• Integration tests
• System tests
• Acceptance tests
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Test Planning

Testing starts with the testers developing a test plan that defines a series of tests 
that will be conducted.

A test plan describes a set of very specific test cases to examine and defines the 
expected results.
• Testing takes place throughout the development of an OO system.

• Develop the test plan at the beginning and modify it as the system evolves

• The purpose of test plans is to improve communication among all the people 
involved in testing the application software.
• Each test has a specific objective and describes a set of specific test cases.

• Test specifications are created for each type of constraint that must be met by a class
• Stubs are hard-coded placeholders that allow testing using unfinished classes
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Test Plan
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Test Planning
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Test Planning
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Unit testing (or module testing) is the process of testing each module alone to discover any 
errors in its code.
• Unit tests focus on a single class/module.
• However, because modules coexist and worth with other modules in programs and the 

system, they must also be tested together in larger groups – integration testing.

Integration testing is the process of bringing together all the modules that a program 
comprises to see if they work without error.
• modules are typically integrated in a top-down, incremental fashion
• first test coordinating module and its subordinate modules (which are added gradually) 

before adding modules from next level
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System testing is conducted to ensure all classes work together without error.
• Like integration testing, but broader in scope

• involves integrating programs into systems, rather than integrating modules into programs

• Examines how well the system meets both the functional and non-functional 
requirements (e.g., usability, documentation, performance, and security)

Functional requirements testing ensures that functional requirements uncovered are met.
• Primarily driven by system's use cases and their scenarios like integration testing, but 

integration testing requires system modifications
• Focus on requirements testing – ensure made modifications do not cause more errors

Testing Stages (cont'd)
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Acceptance testing is the process whereby actual users test a completed information 
system, the end of which is the users' acceptance of it.
• Tests are performed primarily by users with support of the project team.
• Goal of acceptance tests: system meets the business needs and is acceptable to the users
• Acceptance refers to the fact that users typically sign off on the system and "accept" it 

once they are satisfied with it
2 stages of acceptance tests:
• Alpha testing – users test the system using made-up data
• Beta testing – users begin to use the system with real data and carefully monitor the 

system for errors
Problems uncovered in alpha and beta testing must be corrected before users can accept 
the system.

Testing Stages (cont'd)
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Types of Tests
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Types of Tests (cont'd)



Testing and Object Orientation

The characteristics of OO systems that affect testing the most are:
• encapsulation and information hiding
• polymorphism and dynamic binding
• inheritance
• reuse
• OO development process and products
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TESTING AND OBJECT ORIENTATION

Encapsulation and Information Hiding
Encapsulation and information hiding allow processes and data to be combined to 
create holistic entities (i.e., objects); support hiding everything behind a visible 
interface.
• allows system to be modified and maintained effectively and efficiently, but 

makes testing the system problematic
• need to test business processes that is represented in the use case

• However, business process is distributed over a set of collaborating classes and contained in 
the methods of those classes

• only way to know the effect the business process has on a system is to look at the 
state changes that take place in the system
• However, in OO systems the instances of the classes hide the data behind a class boundary
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TESTING AND OBJECT ORIENTATION

Encapsulation and Information Hiding
Issue #1: How is it possible to see the impact of a business process?
• In traditional approaches, answer would be the process contained in a function
• However, a process in OO systems is distributed over a set of classes – makes no 

sense to test individual methods
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TESTING AND OBJECT ORIENTATION

Encapsulation and Information Hiding
Issue #2: Definition of a "unit" in unit testing – what is the unit to be tested? 
Answer: class
• Object can be aggregated to form aggregated objects (e.g., a car has many parts, 

or they can be grouped together to form collaborations)
• Objects can also be used in class libraries, frameworks, and components
• Leads to Issue #3

Issue #3: Based on all the different ways classes can be grouped together, how can 
one effectively do integration testing?
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TESTING AND OBJECT ORIENTATION

Polymorphism and Dynamic Binding
Polymorphism and dynamic binding dramatically affect both unit and integration 
testing.
• An individual business process is implemented through a set of methods 

distributed over a set of objects
• This means unit test makes no sense at method level
• However, the same method (a small part of the overall business process) can be 

implemented in many different objects with polymorphism and dynamic binding
• Thus, testing individual implementations of methods make no sense

• Unit that makes sense to test is the class
• Except for trivial cases, dynamic binding makes it impossible to know which implementation 

is going to be executed until the system does it
• Thus, integration testing becomes very challenging

23



TESTING AND OBJECT ORIENTATION

Inheritance
• Through use of inheritance, bugs can be propagated instantaneously from a 

superclass to all its direct and indirect subclasses
• However, tests that are applicable to a superclass are also applicable to its 

subclasses
• Inheritance should support only a generalization and specialization type of 

semantics
• IMPORTANT: Principle of Substitutability is critical! (refer Lecture 7: Structural 

Modeling)
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TESTING AND OBJECT ORIENTATION

Reuse
• On the surface, reuse should decrease the amount of testing required
• However, each time a class is used in a different context, the class must be tested 

again
• Thus, anytime a class library, framework, or component is used, unit testing and integration 

are important
• In the case of the component, unit to test is the component itself
• NOTE: Component has a well-defined API (application programming interface) that hides the 

details of its implementation
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TESTING AND OBJECT ORIENTATION

OO Development Process and Products
• Every product (i.e., use-case descriptions, use-case diagrams, class diagrams, etc.) 

that comes out of the OO development process must be tested
• e.g., easier to ensure that requirements are captured and modeled correctly through testing 

the use cases, and it is a lot cheaper to catch this type of error back in analysis phase than in 
the implementation phase

• Testing must take place throughout system development, not at the end
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Developing Documentation

27

Documentation of the system must be done throughout system development.
• 2 types of documentation:

• System documentation: assists programmers and analysts build or maintain the system; 
created as the project unfolds

• User documentation: assist users to operate the system; most users will not read the 
manuals before starting to use the system

• User documentation SHOULD NOT be left until the end of the project; time 
required to develop and test user documentation should be built into project plan
• Online documentation makes searching simpler
• Developing and testing documentation takes time



Developing Documentation
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4 key strengths of online documentation:
• Searching for information is simpler
• The same information can be presented in many different formats
• It enables users to interact with the documentation in many new ways
• It is significantly less expensive than paper documentation



Developing Documentation

29An example document from PowerPoint for Mac Help



DEVELOPING DOCUMENTATION

Types of User Documentation
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• Reference Documents: tells users how to perform specific tasks (e.g., updating a field, 
adding a new record)
• often read by users when they try and fail to perform task(s)
• require special care when writing reference documents; assume users are impatient or frustrated 

when beginning to read them

• Procedural Manuals
• Describe how to perform business tasks (e.g., printing monthly report, taking a customer order)
• Each procedure normally entails multiple tasks; thus, each entry is typically much longer than an 

entry in a reference document

• Tutorials: teaches people how to use specific components of a system (e.g., an 
introduction to the basic operations of the system)
• each entry is typically longer than those in procedure manuals
• entries are usually designed to read in sequence (in contrast to reference documents and 

procedure manuals where entries are read individually)



Designing Documentation Structure

• Online documentation will likely become the standard
• General structure used in most online documentation is to develop a set of 

documentation navigation controls that lead the user to documentation topics
• Documentation topics are material the users want to read
• Navigation controls are the way the user locates and accesses a specific topic

• Documentation topics generally come from 3 sources:
• Commands and menus in the UI
• How to perform specific tasks
• Definitions of important terms
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Writing Documentation Structure

• Start with clear titles
• Include introductory text
• Finish with detailed, step-by-step instructions
• Consider using screen images
• Video tutorials can be very helpful (e.g., record the desktop while performing a 

task)
• Follow established guidelines
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Established Guidelines for Writing Documentation Topics
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Outline of a Generic User's Guide



Identifying Navigation Terms

• Table of Contents is developed from the logical structure of the documentation 
topics
• Sources for items for the index and search engine

• Set of commands in the UI (e.g., File → Open)
• Major concepts of the system (often use cases and classes)
• The set of business tasks to be performed (e.g., order placement)
• Synonyms of the preceding items (users' vocabularies may not be precise)
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Summary

This lecture has covered the following:
• Managing Programming
• Designing and Managing Tests
• Developing Documentation
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