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1
Introduction

1.1
Identification

The research presented in this document was performed by the Georgia Tech Research Institute (GTRI) under the sponsorship of the Federal Highway Administration (Contract No. DTFH61-01-C-00049).  The task order manager (TOM) is Dr. Thomas M. Granda.  The GTRI project director for this contract is Dr. Dennis J. Folds.  The work was performed by researchers in GTRI’s Electronic Systems Laboratory (ELSYS).

1.2
Background

In a previous effort (Phase 1) performed for the Transportation Management Center (TMC) Pooled-Fund Study, a document entitled Guidelines for TMC Transportation Management Operations Technician Staff Development was developed.  The primary content of this document is a set of requirements matrices that show the relationships between TMC functions and tasks, and the knowledge, skills, and abilities (KSAs) required to perform the tasks.  The objectives of this initial effort were to provide a method to support operating agencies and contractors in:

· Identification of operations personnel KSA requirements associated with typical TMC functions and tasks.

· Identification of operations personnel training requirements based on the KSA requirements.

· Development of operations personnel position descriptions and job classifications (entry level, full performance, and advanced) based on the tasks the operator is required to perform.

· Making TMC staffing and design decisions based on operations personnel KSA requirements.

The goal of this Phase 2 effort was to use the materials from the Phase 1 effort, supplemented as necessary, to develop an interactive software tool to facilitate the above objectives.

1.3 Reference Documents

The following documents were created as a part of the Phase 2 effort to document various portions of the work performed in Phase 2.  Information from these documents was incorporated into the present document, which summarizes all of the activities, results, and products of the Phase 2 effort.  These documents are available at the TMC Pooled-Fund Study Web site for the Phase 2 effort:  http://tmcpfs.ops.fhwa.dot.gov/cfprojects/new_detail.cfm?id=55&new=0
· TMC Operator Requirements and Position Descriptions, Phase 2: Statement of Work, March 23, 2004.

· TMOT Staff Development Phase 1 Document Analysis – Final Report, March 2004.
· Phase 2 Interactive Tool Functional Requirements – Final Report, July 2005.

· TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Software Architecture and Requirements – Final Report, July 2005.

· TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Software Test Plan – Final Report, January 2005.

· TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Usability Test Plan – Final Report, January 2005.

· TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Usability Test Report – Final Report, July 2005.

· TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Software Test Report – Final Report, August 2005.

2
Project Activities

The major activities of the Phase 2 TMC Operator Requirements and Position Descriptions project were to refine the documentation produced in Phase 1 and to design a software tool that implements the step-by-step procedure for the development of position descriptions proposed in the Phase 1 documentation.  The Phase 2 project tasks can be grouped into several activities:

· Review and Revise Phase 1 Documentation (Section 2.1)

· Develop Preliminary Design of Software Tool (Section 2.2)

· Develop Requirements and Architecture for Software Tool (Section 2.3)

· Implement Prototype Tool (Section 2.4)

· Develop Detailed Software Design for Software Tool (Section 2.5)

· Develop Content for Software Tool (Section 2.6)

· Implement Software Tool (Section 2.7)

· Develop Test Plans (Section 2.8)

· Perform Testing (Section 2.9)

Many of these activities took place concurrently and were interdependent, but for clarity, each activity will be discussed individually in the sections below.

2.1
Review and Revise Phase 1 Documentation

In Phase 1 of the TMC Operator Requirements and Position Descriptions project, a document entitled Guidelines for TMC Transportation Management Operations Technician Staff Development was developed.  This document contained a set of requirements matrices (tables) that show the relationships between TMC functions and tasks, and KSAs required to perform the tasks.  The document also proposed a step-by-step process to utilize the requirements matrices for the development of position descriptions for TMC personnel.

The primary objective of this Phase 2 effort was to develop an interactive software tool to assist practitioners in developing TMC operator requirements, KSAs, and position descriptions, based on the requirements matrices and the step-by-step process developed in the Phase 1 effort.  Additional objectives were to:

· Identify critical gaps in the Phase 1 documents; and

· In conjunction with the software tool development, perform revisions, technical editing, and other changes required to the Phase 1 documentation so that it appropriately supplements the interactive tool.

Therefore, the first activity undertaken in the Phase 2 effort was to review the Phase 1 documentation.  The goals of this review process were to:

· Develop an understanding of the requirements matrices and the step-by-step process and determine how the process could be implemented in software.

· Identify the material from the Phase 1 document that could be used in the software tool.

· Identify gaps in the Phase 1 material that must be filled to support the software tool.

· Make recommendations for revising and updating the Phase 1 documentation.

The results of this activity were presented in the TMOT Staff Development Phase 1 Document Analysis document.

The bulk of the Guidelines for TMC Transportation Management Operations Technician Staff Development content that was identified for use in the software tool came from Section 5, which documented the step-by-step process for writing position descriptions, Section 6, which provided a model training plan and supporting material, and Appendix B, which defined the 16 base TMC functions and related tasks and KSAs.  Some additional content to be provided as background material was identified in other sections of the Guidelines document and the Selected TMC Position Descriptions document.

The major gaps that were identified in the Phase 1 material were an introductory chapter, a glossary and list of acronyms, tutorials and explanatory materials, and training materials (help content).  These gaps would need to be filled with supplemental content developed especially for the software tool.

Revisions of the Guidelines document included correction of grammar and punctuation, and clarification of some of the content.  Some of the major changes included the following:

· Removed references to the document as a guideline.

· Removed references to performing this process for TMC positions other than the TMOT position.

· Chapter 1

· Revised chapter completely.

· Chapter 2

· Revised chapter completely.

· Chapter 3

· Added an introductory section.

· Provided function definitions.

· Added more detail about composite and discrete tasks in a new section.

· Chapter 4

· Added an introductory section.

· Section 4.5 –Added additional content to clarify what each of the columns in the requirements matrices represent.

· Chapter 5

· Added discussion about how the tool facilitates the process of developing position descriptions.

· Added content to provide guidance on writing position descriptions (e.g., what they are, typical content, amount of detail to include, etc.).

· Added content to explain how to use KSAs in position descriptions.

· Chapter 6

· Added a statement to address full performance and advanced level hires who may need entry level training requirements because they are hired from outside the region.

· Added an example of how to map the activity tables to the training program.

The revisions to Appendix B were particularly challenging, because errors in the structure of the requirements matrices required some reconstructive analysis to correct, and assumptions had to be made to resolve some errors in the lists of discrete tasks.

The bulk of the editing of the Phase 1 materials was done early in the project, so that the corrected materials could be used in the software tool from early in the development process.  It was particularly important to correct the errors in Appendix B, since the relationships among functions, tasks, and KSAs defined therein constituted the underlying basis for the entire software tool.  The Guidelines document, retitled TMC Operator Requirements and Position Descriptions, continued to evolve as the software tool was developed, as the content of the document was updated to reflect the implementation of the step-by-step process in the software tool.  The final version of the document was delivered in Task 7B.

2.2
Develop Preliminary Design of Software Tool

As noted in the previous section, one of the goals of the review of the Phase 1 material was to develop an understanding of the requirements matrices and the step-by-step process and determine how the process could be implemented in software.  Section 4 of the TMOT Staff Development Phase 1 Document Analysis contains recommendations on the structure, content, and format of the software tool based on the review of the Phase 1 material.

The preliminary design of the tool was notional, intended to illustrate the important features that were based on the Phase 1 materials.  A tool “home page” that provided an introduction to the tool and access to the reference materials, help content, and glossary was described, as was a “step-by-step dialog” based on the step-by-step process from the Phase 1 document.

The dialog was envisioned to allow users to select the functions, composite tasks, and discrete tasks performed by the TMC of interest, characterize the selected functions and tasks as current or future functionality, and define new functions, tasks, and KSAs.  Based on the selected functions and tasks, the relevant KSAs and training requirements would be displayed, with each KSA annotated with the frequency with which it is associated with the selected discrete tasks.  Users would then select the KSAs to be included in the position description, select the format of the position description, and define additional material to be included in the position description.  Most of these basic concepts were carried through to the final design with little or no modification.

Several sample interface screens were created to illustrate the preliminary design.  These sample screens were presented as simple black and white line drawings with four screen areas delineated: the title/page header, the navigation area, the page footer, and the content area.  Only the content area was populated with representative placeholder data.  Figure 1 shows one of the sample screens.
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Figure 1: Sample Interface Screen Illustration from Preliminary Design

These preliminary design illustrations were fleshed out as the functional requirements of the software tool were developed and the graphical style of the tool was determined in subsequent activities.  The most substantial deviation from the preliminary design as the design progressed was to combine the page footer and the content area into a single scrollable area to simplify the implementation of the tool.

2.3 Develop Requirements and Architecture for Software Tool

Two sets of requirements were developed for the software tool, functional requirements and software requirements.  A software architecture for the software tool was also developed.  The final functional requirements are presented in the Phase 2 Interactive Tool Functional Requirements – Final Report document.  The software requirements and software architecture were combined into a single document, and are presented in TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Software Architecture and Requirements – Final Report.

2.3.1
Develop Functional Requirements

The next activity in the development of the software tool was to develop and document functional requirements that define key features and functions that the software must perform and address the usability of the software.  The first task undertaken in developing the functional requirements for the software tool was to identify the major functional components of the tool, and develop a representation of the functional flow within the tool.  Figure 2 illustrates the functional flow within the software tool.

Next, a hierarchical breakout of the functions of the software tool was developed, and each lowest-level function in the hierarchy was described in terms of its purpose, inputs (whether from the user or other software functions), processing (including any algorithms required), outputs (whether to the user or to other software functions), and technical performance requirements.  A total of 44 numbered “shall” requirements were written, with amplifying “will” text accompanying many of the requirements.  At this point, all of the high level tool functionality was defined at a conceptual level.

At the conclusion of initial software development, the functional requirements were revised to reflect insights that were gained during the development process.  The most substantial revision was the deletion of functional requirement 31 (The interactive dialog shall produce customized position requirements based on the user’s characterization of the TMC of interest.) because as content was developed for the tool, it became apparent that position requirements were best provided as a component of position descriptions and not as a separate output product.

Figure 2: Functional Flow within the Software Tool[image: image2.wmf] 
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2.3.2
Develop Software Architecture

From early in the design of the software tool, it was apparent that the material to be presented in the tool was well suited for delivery as a Web site, and the early design work was performed with that implementation in mind.  In Task 4, a software architecture detailing software platform requirements, software system structure, software standards, database platform and requirements, and software configuration management was developed.

The final software architecture is presented in the TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Software Architecture and Requirements – Final Report document.

2.3.2.1
Recommended Architecture

In Task 4, a formal tradeoff between the two candidate software implementation approaches (delivery of the tool as a stand-alone application versus a client-server delivery approach) was performed.  The client-server approach offered several advantages over the stand-alone approach:

· All data is centrally stored on a dedicated server and can be easily updated if necessary.

· Minimal software requirements (a Web browser) are placed on the client machines.  All other required software resides solely on the server machine.

· The client-server tool is basically platform-independent and can be accessed from any client machine with a compatible Web browser.

· The client Web browser already provides many of the basic capabilities required in the tool (data display, navigation, printing, and file downloading), reducing the amount of software that must be developed.

Because of these advantages, the client-server approach was adopted for the software tool.  Figure 3 shows the high-level software architecture for the tool.
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Figure 3: High-Level Software Architecture for the Software Tool

2.3.2.2
System Requirements

The only requirement for the client system in the client-server approach is the availability of a compatible Web browser.  For simple pages, nearly any Web browser should be compatible, but all Web browsers implement (or fail to implement) the W3C standards for HTML and CSS in different ways.  Therefore, it was necessary to select specific browsers to use for testing during development.  The most common Web browser in use by far is Microsoft Internet Explorer.  Many other Web browsers, including Netscape Navigator, are based on code developed by the Mozilla project.  Thus, the target client for the tool was Microsoft Internet Explorer Version 6 running on a Microsoft Windows system.  Two other browsers, Netscape Version 6 running on a Microsoft Windows system and Mozilla Version 1.6 running on a Linux system, were also selected as test platforms for the software tool.

The Apache 1.3 Web server was selected as the Web server for the tool.  Apache is an open-source HTTP server that is secure, efficient, and extensible, and is the most popular Web server on the Internet, more widely used than all other Web servers combined.  The software team has had excellent results with Apache in the past, and has found the Microsoft Internet Information Services (IIS) Web server to be somewhat unreliable and vulnerable to security exploits.

MySQL 3.23 was selected as the database server for the tool.  MySQL is an open source database server that is lightweight, secure, fast, and simple to configure and use.  The software team has had excellent results with MySQL in the past.

Other software requirements for the server include:

· PHP Module Version 4.3 and ActivePerl 5.8, interpreters for the server-side PHP and Perl scripts that generate the dynamic tool pages;

· GD graphics library, a library for the dynamic creation of images;

· Swish-e 2.4.2, a fast, flexible open source search indexing system;

· RTF Generator 2.5, a COTS PHP script that generates Rich Text Format documents; and

· TXT Generator, a COTS PHP script that generates formatted plain text files.

The hardware platform for the Web server is a rack-mounted dual AMD Opteron 246 system with 2 GB of RAM.  Storage is provided by three Western Digital 74 GB SATA Raptor hard drives in a hardware RAID 5 array on a 3Ware 9500S RAID controller.  The server is running Microsoft Windows XP Professional with Service Pack 2.  This server was procured near the end of initial development of the software tool, and the hardware requirements observed during development of the software tool were the primary driver for the hardware configuration selected.  The server is expected to perform well under the anticipated load generated by the software tool.

2.3.2.3
Coding Standards

The software tool was, to the extent possible, coded to the HTML Version 4.01 Transitional specification and the CSS 2.1 specification.  However, as noted above, all Web browsers deviate from the HTML and CSS specifications in different ways, sometimes necessitating the use of non-standard HTML code to achieve the desired results.  Every effort was made to minimize the amount of non-standard code required during the development of the software tool.

The majority of the site was coded in PHP (a recursive acronym for “PHP: Hypertext Preprocessor”), with the exception of the script that performs search queries in the Swish-e index and generates the list of search results, which was a Perl script that was included with the Swish-e package and modified for use in the software tool.

2.3.2.4
Configuration Management

The Electronic Systems Laboratory at GTRI has standard processes and procedures in place for software development, as documented in the Engineering Processes and Procedures Manual (EPPM).  The recommended procedures for configuration management are included in the EPPM.  The configuration management of software developed under this task conformed to the processes described in the EPPM.

A single development server, accessible only inside the Electronic Systems Laboratory, was configured with all the required software.  The latest version of the site-in-progress was served from this Web server.  All electronic media associated with the software tool, including all software, data, and related documents, were controlled using the MKS Source Integrity (MKSSI) system.  MKSSI requires that files be checked out before they can be modified.  Developers checked out the files necessary for their work from MKSSI to their personal “sandboxes” and made changes, then copied the files to the development server for testing.  When the changes were complete, the files were copied back to the sandbox and checked into MKSSI by the developer who made the changes.

2.3.3
Develop Software Requirements

The software requirements that were developed for the software tool address two broad areas:

· The software requirements needed to support the functional requirements for the tool, and

· The underlying information needs upon which the tool is based.

The software requirements documented the capabilities that the software had to possess to fully implement the functionality envisioned for the tool.  Because of the high level of detail that was required for the functional requirements, many of the software requirements simply restated or elaborated the functional requirements.  A total of 46 numbered “shall” requirements were written, with amplifying text accompanying many of the requirements.

At the conclusion of initial software development, the software requirements were revised to reflect the capabilities required in the software as implemented.  The most substantial revision was the deletion of software requirement 32 (The tool shall generate position requirements based on the required KSAs identified for the position.) because as content was developed for the tool, it became apparent that position requirements were best provided as a component of position descriptions and not as a separate output product.

2.4
Implement Prototype Tool

Task 5A from the statement of work called for “prototypes or preliminary design of the tool based on the initial functional and architecture requirements.”  The decision was made to use this deliverable as an opportunity to further the design process and to begin developing code that could be used in the final software tool.  To that end, a self-documenting, partially-functional version of the tool intended to illustrate the general structure of the tool was developed.

The visual style of the tool was derived from two primary sources:  the ErgoTMC Web site that was previously developed by GTRI for FHWA, and the current FHWA home page.  The general page layout of the ErgoTMC site was used, including the proportions of the left navigation bar and the content area, and the blue and gray color scheme from the FHWA site was used.  Other style decisions were driven by accessibility requirements and the experience of the design team.

The content of the prototype tool was mostly very preliminary.  Appendix B from the Phase 1 Guidelines document was revised so that all of the relationships between functions, tasks, and KSAs were valid – this material was the basis of the functional full dialog mockup pages.  The rest of the tool content, including the updated Phase 1 documentation and the supplemental materials (tutorials, help content, etc.), was still under development.  Text describing the planned content and functionality of each page was provided as a placeholder for the real content.

Functioning code was written to allow users to select functions, composite tasks, and discrete tasks and view an annotated list of KSAs generated from the selected functions and tasks.  These full dialog pages were dynamically generated and populated with the real function, task, and KSA data from a MySQL database.  The basic code structure of the tool was established, with a single style sheet file defining the appearance and layout of all pages, and a single header file included in every page to populate the common portions of the pages such as the navigation bar, header, and footer.  Nearly all of the concepts and content developed for the prototype were carried forward as the starting point for development of the actual software tool.

Figure 4 shows the Select Composite Tasks page from the prototype tool.  Compare this page with the preliminary design sketch shown in Figure 1.

Figure 4: Select Composite Tasks Page from Prototype Tool
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2.5
Develop Detailed Software Design for Software Tool

All the activities described above contributed to the final, detailed design of the software tool.  The Phase 1 documentation was reviewed, and the knowledge gained from that review was used to develop a preliminary design for the software tool.  Functional requirements were written based on the preliminary design, providing a nearly complete design of the tool at the conceptual level.  Software architecture and requirements were developed, dictating the delivery mechanism for the tool, defining the underlying software supporting the tool, and constraining the method of implementing the tool.  A functional prototype of the tool was developed, at which point the structure and appearance of the tool was mostly defined, and the scheme for implementing the tool began to take shape.  At this point, work on a detailed software design document began.

The initial delivery of the detailed software design focused on a detailed database design and site structure diagram.  The bulk of the document was derived from the earlier functional requirements document and reorganized to represent the page flow of a user proceeding through the site.  

The subsequent draft of the detailed software design added more substantive content regarding functionality and the user interface.  The site content was enumerated and characterized as either static data or dynamic (database) data.  The details of the appearance of the site (fonts, color coordinates, design resolution, and common page elements) were defined.  The main pages constituting each major functional area of the site were listed and described, with to-be-determined portions of the design noted.  Specific software design elements (user accounts and profiles, user input tracking, dynamic page content generation, etc.) were discussed.  This version of the document was far more informative and useful, though still far from complete.

Because of schedule constraints, it was necessary for the team to adopt a “just in time” design approach.  The overall tool approach and structure were well established before implementation of the tool began, which was key to the success of this design approach.  As work on each major component of the tool began, a basic design of the subsystem was developed by the design/software lead, with input from the rest of the design team, and annotated storyboard-style sketches were developed.  These design sketches were then presented to the software team, discussed, and refined, and then implementation of the subsystem began.  As flaws or deficiencies in the design were discovered during implementation, the design was revised by the design/software lead and changes were approved by the design team.  Extensive design notes were maintained, and the detailed software design document was updated as each portion of the design was finalized.

The final page structure of the software tool is shown in Figure 5.  The final detailed software design, documenting the design as it existed at the conclusion of development of the tool, is presented in the Phase 2 Interactive Tool Detailed Software Design – Final Report document.
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Figure 5: Site Structure Diagram for the Software Tool

2.6
Develop Content for Software Tool

Development of content for the software tool required a substantial effort.  Some material developed in Phase 1 was used, but some significant reformatting was required.  The bulk of the tool content was developed specifically for the tool.

As discussed above, the Phase 1 documents Guidelines for TMC Transportation Management Operations Technician Staff Development and Selected TMC Position Descriptions were extensively revised in Phase 2.  The revised Guidelines document was retitled TMC Operator Requirements and Position Descriptions.  The updated documents were then marked up for formatting and split into chunks of text of appropriate size for presentation on a single page of the tool.  Some reformatting of the text to meet Web accessibility requirements had to be done, particularly for the generic activity group tables in Section 6.3 and the TMOT requirements matrices in Appendix B of the TMC Operator Requirements and Position Descriptions document.  These revised documents constitute the Background Documentation section of the tool.

Some text was extracted from Appendix B of the TMC Operator Requirements and Position Descriptions document for use in the Interactive Dialog section of the tool.  This extracted text was imported into the database and retrieved by the PHP scripts that generate the content of the various output products pages.  This text includes

· General task statements based on the tasks that require each KSA for use in the position description output product;

· KSA text for use in various sections of the position description output product; and

· Testable skills extracted from the KSAs for use in the list of testable skills output product.

Additional text was extracted from Section 6 of the TMC Operator Requirements and Position Descriptions document for use in the training program output product.  Determining how this text should be used in a training program was very challenging, because the relationship between the levels of the TMOT training program and the generic HR KSAs was unclear in the source material.

Based on the critical gaps identified in the Phase 1 document analysis, an initial list of tutorial topics was developed.  These topics were researched and the available information was evaluated, and a revised list of tutorials was created.  The final list of tutorials included

· Distinguishing Functions and Tasks

· Creating New Functions or Tasks

· Determining the Performance Level of a New Discrete Task

· Selecting or Defining KSAs

· Understanding Position Descriptions

· Writing Position Descriptions

· Understanding the Factor Evaluation System (FES)

· Classifying Positions under the Factor Evaluation System (FES)

· Developing a Training Program

· Assessing Skill Level

After the tutorials were written and revised, they were marked up for formatting, split into multiple pages as appropriate, and incorporated into the Tutorials section of the tool.

The initial content of the Glossary and List of Acronyms sections of the tool was developed based on the review of the Phase 1 materials and updated as new terms or acronyms were used in the tool content.

The text on the tool pages was initially based on the explanatory text from the prototype tool.  As the design and implementation of the pages progressed, very detailed text was written for each page.  This text contained general information about the purpose of the page and what user actions were required, and also contained very specific information (at the mouse click and keystroke level) about how to use the page.  Eventually, this text was split up so that the general information remained as introductory text on the individual pages, and the detailed information became the page-specific context sensitive help content in the Help system for the individual pages.

Most of the top level help pages (TMCOps Help, Accessibility, Account Management, Background Documentation, Glossary and List of Acronyms, Interactive Dialog, List of Functions and Tasks, Navigation, Profiles, Quick Reference Guide, Searching, Tool Outputs, and Tutorials) were drafted early in the development process and revised as development proceeded.  In addition to these top level pages, which discuss the general features and use of the software tool, every page in the tool has a corresponding context sensitive help page.  (For instance, clicking the Help button from the Select Functions page loads the “Using the Select Functions Page” help page.)

Task 7A in the statement of work required the development of a user quick reference guide, a brief 1 to 2 page sheet intended as a quick reference to assist users in navigating and using the software tool.  The quick reference guide was initially developed to be distributed as a hard copy reference sheet, but it was also incorporated into the help system.
2.7
Implement Software Tool

Implementation of the final software tool used the prototype tool as a starting point.  The basic database code and many of the database queries to create interactive dialog pages was carried forward with little modification.  The prototype tool database itself was expanded and elaborated, but the core of the content remained unchanged.  The basic code structure established for the prototype tool was used with only minor modifications, such as creating subdirectories for the content of each major subsection of the site.

Because of the relatively small size of the development team, bug tracking was done fairly informally.  As bugs and other implementation issues were identified, the software lead entered them into an electronic log with headings for each major section of tool functionality.  The software team would review this list for assignments, and report status updates to the software lead, who would test the changes to the code, remove items from the tracking log, and add development notes to the log as necessary.  The bug tracking log was controlled in MKSSI like all other project materials.

Implementation of the software tool was somewhat more difficult than originally anticipated, and therefore took substantially longer than the time allotted in the original schedule.  Most of the difficulty resulted from a lack of adherence to HTML and CSS standards in the target Web browsers.  Frequently, code was developed according to the published standards, but upon testing, it was discovered that the code would fail (typically by rendering incorrectly on-screen) in Internet Explorer and/or Mozilla, often forcing the developers to investigate non-standard workarounds and sometimes forcing the designers to redesign the interface to avoid the problems.

Coding for accessibility was a particular problem.  Many accessibility resources give guidance as to what developers should not do, but few give guidance as to what should be done.  Accessibility difficulties were compounded with the standards adherence problems discussed above – often, special code was included for accessibility purposes, but upon testing it was found that the accessibility code did not function as anticipated because of shortcomings in the browser or the JAWS screen reader.

2.8
Develop Test Plans

Per the statement of work, two test plans were developed for the software tool, a software test plan (documented in TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Software Test Plan – Final Report) and a usability test plan (documented in TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Usability Test Plan – Final Report).

2.8.1
Software Test Plan

The first step in developing the software test plan was to review DI-IPSC-81438, the Department of Defense Data Item Description for software test plans.  The Department of Defense document defines the structure and general content requirements for software test plans, and the use of this document format is consistent with GTRI’s standard Engineering Processes and Procedures Manual (EPPM).  The specific categories of tests to be included in the software test plan (i.e., developmental, qualification, and acceptance tests) were derived from the statement of work.

The author of the software test plan worked with the software development team to develop the software test environment to be used for software testing, including hardware and software requirements, supplemental test materials, participating organizations and their roles, and personnel to perform the testing.  A total of nine tests (plus the final usability test, detailed in a separate test plan) were developed.  Table 1 provides more information about the specific tests that were developed.

The details of the execution of the various tests and the results of the tests are presented in Section 2.9.

Table 1: Test Events for the Software Tool

	Test/Event
	Type of Test
	Comments

	Test01 – Database Design
	Functional (Developmental)
	Internal test

	Test02 – Interactive Dialog
	Integration (Developmental)
	Internal test

	Test03 – Search System
	Integration (Developmental)
	Internal test

	Test04 – Help System
	Functional (Developmental)
	Internal test

	Test05 – Advanced Features
	Integration (Developmental)
	Internal test

	Test06 – Tool Outputs
	Integration (Developmental)
	Internal test

	Test07 – Data Content
	Functional
	Internal management review

	Test08 – Usability Qualification Testing
	Acceptance
	Internal test serving as dry run for usability testing

	Test09 – Acceptance Test
	Acceptance
	Formal acceptance test with FHWA observation or participation

	Usability Testing
	Acceptance
	Independent tests by end-users at their facilities.  See Usability Test Plan for details.


2.8.2
Usability Test Plan

The development of the usability test plan was highly dependent on the software implementation, particularly with regard to development of the evaluation scenarios and evaluation forms.  When the usability test plan was first developed, a list of potential checklist items was proposed based on the types of controls and features that were proposed in the tool design.  As design and implementation of the software tool progressed, it became apparent that some checklist items were not relevant to the final design, and those items were removed from the checklist.  For example, guidelines specific to a standalone software tool (as opposed to a Web-based software tool) were removed from the checklist, since the tool was implemented using a Web-based approach.

The evaluation scenarios and forms also evolved with the design.  General scenarios were initially developed.  Later, specifics (such as link text and page names) were added to the scenarios.  These specifics were updated to match design changes as they were implemented.  The scenarios and forms were finalized by completing a preliminary run-through of the scenarios to verify that the steps and wording in the evaluation materials matched the actual implementation of the software tool.

The finalization of the test plan was delayed by problems identifying users to complete the usability testing.  Although usability testing is essential for determining that the tool is implemented as effectively as possible for expected use, performance of the complete usability testing scenarios requires a significant time commitment that many agency personnel were unable to commit to.  To reduce the required time commitment, the usability testing was be broken up so that each user participating in the test was not required to complete the full set of testing scenarios.  Users were assigned various areas of the tool to evaluate, so that all areas of the tool were covered in the evaluations.

2.9
Perform Testing

The software tool was subjected to two general types of testing, software testing and usability testing.  Seven functional and integration tests were performed on the software during the development of the software tool, and an iterative process of testing (and identifying bugs), correcting the bugs, and retesting was followed until the tool was complete.

Near the end of the development process, an eighth test, usability qualification testing, was performed on the software tool.  This testing served as a capstone to software testing by exercising all aspects of the tool in a manner akin to “real world” usage, and also as a preparatory step for actual usability testing using external evaluators.

2.9.1
Software Testing

The software functional and integration tests (Test01 through Test07) were performed during the development of the software tool, as various milestones were reached.  The software development team conducted all internal developmental functional and integration tests.  The software developer performed initial (unit) testing while developing portions of the tool.  Results from these tests that required corrective action were entered into the bug tracking log, and the specific items were retested after the problems were corrected.  Once the developer was satisfied with the functionality, the software task leader (along with other project personnel) performed the test.

The usability qualification test (Test08) was performed near the end of the development process, and results requiring corrective action were again entered into the bug tracking log, corrected, and retested.  The usability qualification test was conducted by a member of the project team who was responsible for designing and managing the usability testing and was not directly involved in the software development.

All developmental and usability qualification tests were conducted in the human factors laboratory, located within ELSYS at GTRI.

The system acceptance test (Test09) has not been formally carried out.  If the customer takes delivery of the software, the customer can execute Test09 to ensure that the tool satisfies all of the stated functional requirements.

More details about the software testing and the complete results of the software testing are documented in the TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Software Test Report.

2.9.2
Usability Testing

Usability testing was performed by a combination of GTRI human factors specialists and end users.  The usability testing, performed in Spring of 2005 after the conclusion of the development of the software tool, consisted of two types of testing: a checklist evaluation, and user-in-the-loop testing.

The checklist evaluation was performed by a GTRI human factors specialist, using a detailed usability checklist derived from the TMCOps functional requirements specification, the TMCOps software requirements specification, and various FAA and W3C documents.  The software packages InFocus, developed by SSB Technologies, and aDesigner, developed by IBM, were also used to facilitate the evaluation of Section 508 and W3C requirements.  Each checklist item was evaluated and assigned a pass or fail rating.  An individual item was judged to fail if the tool did not meet the intent of the guideline as judged by the human factors specialist performing the evaluation.  There were a total of 699 checklist items.  Of those, 545 items were assigned a pass rating, 33 items were assigned a fail rating, 119 items were found to be not applicable to the TMCOps tool, and 2 items were unable to be evaluated.  Many of the items that failed are justified by explicit design decisions, external design constraints, and limitations inherent in the implementation of Web software.

User-in-the-loop testing was performed with a total of 5 users who are directly involved in TMC management and planning.  The purpose of the user-in-the-loop testing was to obtain feedback on the usability and usefulness of the tool from the expected user population.  The users performed the scenarios as described in the TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Usability Test Plan.  They recorded their experiences on a Difficulty Log and a User-in-the-Loop Evaluation Form.  The performance measure for the user-in-the-loop portion of the usability testing was a rating for each item under evaluation.  Ratings were made on a four point scale, with 1 being unsatisfactory and 4 being satisfactory.  These judgments were made on the following basis:

1 – Unsatisfactory


Difficult to use or inadequate content

2 – Marginally Unsatisfactory
Usable, but an alternative implementation or 

explanation would be considerably better

3 – Marginally Satisfactory

Minor suggestions for improvement

4 – Satisfactory


Happy with functionality and content

Two of the users completed the evaluation together, so only 4 sets of evaluation data were received.  Two users completed most of the tool evaluation, and the other users completed various parts of the evaluation.  Some evaluators provided general comments on the tool, rather than specific ratings for each evaluation item.  Ratings for each usability issue were tabulated, and an overall usability score was assigned for the tool.  Ratings data was summarized, and the mean, standard deviation, and range of ratings were calculated for each item.  Frequencies of individual ratings were also calculated.

The full results of usability testing, including the checklist evaluation and the user-in-the-loop testing, are provided in the TMC Operator Requirements and Position Descriptions Phase 2 Interactive Tool Usability Test Report.  Overall, the tool performed very well in the usability evaluations.  The evaluators were generally pleased with the tool and encountered few problems with the tool.  Ratings were generally favorable, although users were generally unhappy with the amount of time required to complete the full dialog.  The value of the streamlined dialog was affirmed by the usability testing.  The overall usability was rated favorably, with an overall average score of 3.41 on the 4 point scale defined above.

No significant changes to the tool are recommended based on the results of usability testing.  Two minor changes are recommended:

GTRI recommends correction of an implementation error in the organization of default information into certain position description sections.  Information that should appear in a particular section of the position description instead appears in a different section, for two of the position description sections.  This is a relatively simple error to correct.

GTRI recommends addition of abbreviation information for the HTML tags for table headers where applicable, to increase accessibility for screen reader users.  This is not strictly required by Section 508, but is based on W3C standards.  This is a relatively simple change.

These changes were implemented by GTRI as part of the Phase 2 effort.
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