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1 INTRODUCTION

1.1 Background

SCORM-conformant courseware content is difficult to measure in terms of complexity and development time; however, most people would agree that there are certain qualities (like level of interactivity) that make some web-based content more difficult to develop than other content. What is needed is an algorithm to assist both the government and developers that takes into account all of the decision points an instructional designer and later the software developer makes when designing and developing SCORM-conformant courseware content. Being able to quantify this in a comparative numerical measure would make development and test cost estimates more meaningful and accurate; thereby, reducing risk to SCORM-conformant courseware projects.

1.2 Purpose

The purpose for developing the COSCOMO prototype was to advance the estimation process by providing a common approach to the estimation problem that is based on estimation techniques and algorithms that have been evolving for twenty years.   

1.3 Research Objectives

The COSCOMO prototype was developed with the following key research question in mind: “Is it technically and operationally feasible to create a derivative of the Constructive Cost Model (COCOMO) for software project cost estimation that provides a common cost estimating capability for SCORM-conformant courseware projects?” Thus the capstone objective of this project is a prototype tool that both the government and contractors can use in planning a SCORM-conformant courseware project and that can support them throughout a project as modifications are proposed to systems under development.
1.4 COSCOMO Overview
In March 2002, the Office of the Secretary of Defense issued the Training Transformation Strategic Plan, which emphasized the need for Advanced Distributed Learning (ADL) and implementation standards like the Sharable Content Object Reference Model (SCORM).  SCORM provides a framework that enables standardized delivery and reuse of content for web-based training courses.  Since 2002, SCORM has evolved to its present SCORM 2004 iteration and has been incorporated as an industry standard throughout the U.S. and most of the world.  Although we are just beginning to realize the potential savings from SCORM, its usefulness, acceptance, and broad application will continue to be a major part of the ADL environment. 

The Department of Defense Instruction (DoDI) 1322.26, entitled “Development, Management, and Delivery of Distributed Learning,” was signed in 2006.  The DoDI 1322.26 implements policies, assigns responsibilities, prescribes procedures, and establishes information requirements to develop manage and deliver distributed learning for DoD personnel. The Instruction mandates that content shall be SCORM-conformant (when Learning Management System (LMS) functionality is necessary).  The Instruction also mandates that acquired or developed SCORM-conformant content packages include metadata, be registered in the ADL-Registry, and be maintained in DoD Components’ repositories that are searchable and accessible.  The DoDI 1322.26 will have a major impact on all organizations that design, develop, and/or use SCORM-conformant courseware.  

Although SCORM-conformant content has application to such a wide audience, and will be mandated by this new policy, there is currently no widely accepted tool for estimating the costs of developing SCORM-conformant courseware. Members of the training community currently use industry averages to provide targets for the cost of creating courseware, but each organization prices courseware differently. The COSCOMO GUI prototype tool described in this document is a first step at addressing the courseware development community’s need for an objectively validated algorithm that can be used to estimate project costs independent of specific company processes. The following figure illustrates the operational concept of the COSCOMO model.  (Note that the output of the COSCOMO model is Person Months vs $) 
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The current form of the COSCOMO model is given in the following equation.  (Note: this model retains the fundamental form of the original COCOMO II model.)
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The following table describes each of the variables for this equation.

	Variable
	Description

	SFj
	scale factor for the jth scale driver.  Provides project-specific adjustments to the size of the project

	E
	diseconomies of scale driven by five scale factors

	EMi
	effort multiplier for the ith cost driver in the equations

	PM
	effort in Person-Months

	A
	calibration constant derived from historical project data

	Size
	adjusted number of courseware hours

	B
	calibration constant derived from historical project data.  Can be customized based on a specific organization’s historical project data


2 PROTOTYPE TASKS AND PRODUCTS
The design and development of the COSCOMO prototype involved the completion of a number of tasks and supporting documentation as described in the sections below.

2.1 Tasks Accomplished

The following tasks were accomplished throughout the COSCOMO Prototype development effort: 

a. Generated the detailed project Technical and Management Work Plan. 

b. Analyzed existing published literature on COCOMO, and participated in the COSYSMO 2006 workshop to gain insight to how other communities of interest created derivations of the COCOMO model.
c. Created a COSCOMO derivative of the COCOMO model to estimate the person-months required to create a SCORM conformant learning product. This involved enumerating the SCORM products and processes that contribute to the staffing and duration of a project and identifying mathematic and logical relationships between these items.   

d. Performed a three-round Delphi calibration survey of COSCOMO variables settings with SCORM-conformant courseware project managers.  The purpose of this survey was to set the values for each of the COSCOMO model parameters. 

e. Collected historical SCORM-conformant courseware data for nine projects.

f. Created an initial implementation of the COSCOMO algorithm as a Microsoft Excel workbook to verify the behavior of the COSCOMO model.  (Note: this was the precursor to the much more user friendly GUI prototype tool implementation) 

g. Created technical paper on COSCOMO for the INCOSE 2006 Symposium.

h. Calibrated the COSCOMO model to fit historical data and expert knowledge.  

i. Validated the COSCOMO algorithm for various sets of data within the bounded conditions. 

j. Generated an overview “quad chart” of the COSCOMO project, including both a graphical conceptualization of the project as well the following product branding icon:
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k. Created technical paper on COSCOMO for the I/ITSEC 2006 Conference.
l. Produced the Detailed Design Document for the COSCOMO GUI prototype.

m. Developed a Microsoft Excel Add-In implementation of the COSCOMO GUI prototype, including HTML-based help subsystem and a basic Users Guide.

n. Built a community of interest around the COSCOMO method & tool, including presentations on COSCOMO at Training 2006, the INCOSE 2006 Symposium, the Joint ADL CoLab’s Implementation Fest 2006, and the I/ITSEC 2006 Conference.

2.2 Project Deliverables & Presentations 

The following data items were developed and delivered during the course of the project:

1) Technical and Management Work Plan.  This document elaborates on the major milestones for the entire prototype project.

2) Monthly Progress Reports.

3) COSCOMO GUI Prototype Detailed Design Document.  This document captures the software design of the COSCOMO GUI Prototype via diagrams depicting the major objects, relationships, sequences, and data flows intended for the implementation.

4) Conference Publications and Presentations.  Technical papers describing the COSCOMO model and associated tool implementation were submitted and approved for publication at the INCOSE 2006 Symposium and the I/ITSEC 2006 Conference.  Presentations on COSCOMO were also developed for the INCOSE 2006 Symposium, the Joint ADL CoLab’s Implementation Fest 2006, and the I/ITSEC 2006 Conference.

5) COSCOMO GUI Prototype User’s Guide.  This document provides instructions on how to utilize the COSCOMO GUI Prototype tool.

6) COSCOMO GUI Prototype Application Software, consisting of the COSCOMO GUI prototype tool and associated support files.

3 PROJECT ACCOMPLISHMENTS AND CHALLENGES
3.1 Major Successes
3.1.1 Developing the COSCOMO Model

Leveraging the definitive source on COCOMO II: Software Cost Estimation with COCOMO II by Barry Boehm et.al., the COSCOMO project team was very successful in applying the methodology used to create the COCOMO II model to derive the COSCOMO model. The teams’ research on how related models (COSYSMO, COPSEMO, etc.) modified COCOMO II for their purposes proved extremely helpful.

3.1.2 Developing COSCOMO Use-Cases

As a way of capturing the high level functionality and utilization aspects of the COSCOMO prototype, the following Use Cases were identified.  These Use Cases proved invaluable in   shaping the overall flow and feature set design of the COSCOMO prototype.

Government

A large training organization, such as the Army’s Training & Doctrine Command (TRADOC), uses this tool for estimating development costs for new courseware, updating legacy courseware, or re-purposing current content.  (This would prove invaluable whether they are focusing on the development of a single course or preparing a large contract for developing multiple courses.)  The user optionally uses the COSCOMO tool for providing a basis of estimate for contracting courseware development efforts, developing annual budgets, or for prioritizing courses to be developed.

Content Developer

In the training industry, custom content developers are frequently responding to requests for proposals (RFP) or rough orders of magnitude (ROM).  The COSCOMO tool can be tailored to reflect an organization's unique scale factors such as team cohesion and process maturity.  Through constant use of COSCOMO, the organization will learn which variables are lower or higher than industry norms.  Once tailored to reflect the organization's differences, the tool becomes an even more reliable predictor for project estimation.  The constant user can also preset effort multipliers and scale factors that remain common across all projects.

The content developer project manager initially interacts with the tool to generate the size factor, rank the effort multipliers, and rank the scale factors based upon the organization, the proposed team, and the requirements in the statement of work.  The tool provides the initial number of person-months for the project.  The project manager may then apply labor rates to the number of hours to arrive at an initial estimate.

What If
A final use case available to both customer and content developer audiences is in exploring how changes in project requirements and effort multiplier elements affect the person-month estimate.  For example, if a fixed budget restricts the amount and level of courseware that can be developed, a manager can use the COSCOMO tool to manipulate the size factor to explore various combinations of hours and levels to maximize the funding available.

The following figure shows how COSCOMO can be used to help address issues of change at the project definition level. The user enters the organization's customary values via COSCOMO model parameters, and indicate which ones will undergo change. The COSCOMO tool will estimate how these changes will affect the project's expected cost and schedule, and will provide the user and stakeholders with a framework for re-scoping the project if estimated cost and schedule are unsatisfactory.
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Frequently, changes in project objectives, priorities, available components, or personnel occur during project execution. If these are anticipated, the COSCOMO tool can support a variant of the project definition process identified in the preceding use case to converge on a stakeholder-satisfactory re-scoping of the project.  A more serious case occurs when the changes are unanticipated and largely unnoticed: via personnel changes; COTS product, reusable component, or tool shortfalls; requirements creep; or platform discontinuities.  In such cases, COSCOMO phase and activity distributions can be used to develop a quantitative milestone plan or an earned-value system for the project, which enable plan deviations to be detected, and appropriate corrective actions to be taken involving COSCOMO in project re-scoping. 
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The following figure illustrates this concept of how the COSCOMO tool can be used to help address issues of change during the execution of a project.

3.1.3 Development of the COSCOMO GUI Prototype Tool 

The COSCOMO prototype tool was developed as a custom Microsoft Excel ‘Add-in’ for several key reasons, including:

- Look and feel more of a stand-alone application then a spreadsheet

- Very common target environment (most users already have Microsoft Excel) 

- Easy to rapidly develop custom GUI input forms via Visual Basic Editor environment 

- Better configuration control and protection of tool logic than with simple spreadsheets

- Convenient access to the extensive capabilities of the Microsoft Excel framework  

3.1.4 Community Outreach 

Given the relatively short duration of the research effort, the project team was quite successful in reaching out to the broader training community to share information on the COSCOMO prototype via several technical conference paper publications and conference presentations, including:

- INCOSE 2006 Symposium

- Joint ADL CoLab Implementation Fest 2006

- I/ITSEC 2006 Conference

3.2 Challenges/Obstacles

3.2.1
Collection of Historical Project Data
Availability of historical project data is essential to the calibration of the COSCOMO model in order for it to be a reliable cost-estimating tool.  Unfortunately, it was very difficult to get access and cooperation from the people with this information.  The project team was able to collect historical data on 9 SCORM courseware development projects, but this is well short of the 40+ projects needed to calibrate the model appropriately.

3.2.1 Lack of Chart Objects in Microsoft Excel Add-Ins

UserForm objects (also known as Microsoft Forms) are a powerful and convenient aspect of developing custom dialog box based user input forms within the Microsoft Office application suite.  While there is a fairly complete collection of basic user input form objects (eg Buttons, TextBoxes, ComboBoxes, Labels, TabStrips, Images, etc), the absence of Microsoft Excel Chart objects from the set of controls was a significant obstacle in the development of the COSCOMO prototype.  The project team was able to implement a work-around for this shortcoming as follows:

- create the desired chart in a regular Excel worksheet

- add an Image control to the UserForm

- use VBA code to export the chart as a GIF file

- set the Userform Image control's Picture property to the GIF file

This work-around is a less then optimal solution that is functional but adds a small but noticeable delay due to the extra code execution and file write and read operations. 
4 TECHNICAL ISSUES AND OPPORTUNITIES

The following paragraphs identify the top possible areas to pursue for evolving the COSCOMO prototype:

4.1.1 Development of “Stand-Alone” Tool Implementation 

While the COSCOMO prototype implementation as a Microsoft Excel Add-In tool provides a more polished, user-friendly experience than that possible via rudimentary spreadsheets, there are several constraints with this approach that a “stand-alone” tool implementation could easily overcome.  Constraints of implementing the COSCOMO prototype as a Microsoft Excel Add-In include:

- Security issues and associated warning messages regarding the use of VBA macros.

- Limited tool help subsystem integration with the main COSCOMO tool.

- Lack of dynamic graphs/charts with interactive user interface capability.

4.1.2 Electronic Historical Project Data Collection Capability

As discussed in section 3.2.1, the goodness of COSCOMO as a cost estimating capability is largely dependent on the availability of a significant set of historical project data.  We believe that establishing a historical project data collection capability would be very beneficial to this end.  Ideally, this would involve some form of automated project data collection receiving capability. One rudimentary but low cost solution would be to create a special email address (eg COSCOMO.admin@jointadlcolab.org) for COSCOMO tool users to email their historical project data to.  Likewise, a corresponding historical project data transmittal capability that could be used in conjunction with or even embedded into of the COSCOMO tool would be ideal.

4.1.3 Simplified COSCOMO Prototype Installation Process
The COSCOMO prototype tool is packaged for distribution in a .zip file, and the installation process is: “unpack the contents of this .zip file to the desired folder on your computer”.  A relatively simple enhancement to this approach would be to repackage the fileset into an “auto-installer” application that automates this installation of files.

5 Conclusion

The resultant COSCOMO tool prototype from this project is the first step in the evolution and improvement of a cost-estimating tool for the ADL community.  It is important to keep in mind that the basis for the COSCOMO model, COCOMO II, has been evolving for 25 years.  It is hoped that by making this prototype tool available to the ADL community, the ADL community will in turn help contribute to the evolution of the COSCOMO model by making their historical project data available.

The COSCOMO tool prototype is more refined and user friendly than raw, low level cost estimating spreadsheets, and the project team believes that it is ready for early adoption by the ADL community.  However, this prototype is not a polished, “shrink-wrapped” product suitable for use in production environments.  What is needed is a sponsoring organization to make the personnel and/or funding investment to “productize” the COSCOMO model.

6 Appendices

6.1 Appendix A – COSCOMO Model Validation Tests

Five validation tests of the COSCOMO prototype were conducted during the course of the project.  Due to the very limited availability of historical project data (only 9 data points) to calibrate the COSCOMO model with, the following approach was taken in performing these calibration tests: re-calibrate the COSCOMO model for each test without the project data set under test.  From the available pool of nine historical project data points, five historical project data points were selected for validation testing such that an even and full range of courseware size projects were included in the test.  The following table identifies the project data sets used in the validation tests, the A & B calibration constant values utilized for each test, and results of each validation test.

	Project ID
	Course Size (hours)
	A
	B
	Actual Effort (PM)
	COSCOMO Effort Estimate (PM)
	Magnitude of Relative Error (MRE)

	1
	3
	1.21
	0.85
	6.00
	10.84
	0.81

	2
	42
	1.56
	0.45
	78.00
	24.90
	0.68

	3
	67
	1.51
	0.40
	24.00
	24.51
	0.02

	4
	125
	1.34
	0.40
	180.00
	145.39
	0.19

	6
	135
	1.25
	0.50
	149.00
	17.64
	0.88


6.2 Appendix B – Executive Overview Material

This appendix material is contained in the separate file “COSCOMO_exec_overview.ppt”

6.3 Appendix C – Software Prototype Usage Notes

This section is intended to complement the COSCOMO prototype tool “User Documentation” file (provided as part of the prototype tool distribution fileset).

6.3.1 Size Inputs

One of most critical inputs to the COSCOMO prototype is the expected size of the courseware project (vs lines of code in the COCOMO II model).  To accurately build this variable, users must break down the hours of courseware into the four levels of courseware interactivity as documented in MIL-HDBK-29612-3A and summarized in the following table:
	Level
	Description

	Level 1 - Passive
	The student acts solely as a receiver of information

	Level 2 - Limited participation
	The student makes simple responses to instructional cues

	Level 3 - Complex participation
	The student makes a variety of responses using varied techniques in response to instructional cues

	Level 4 - Real-time participation
	The student is directly involved in a life-like set of complex cues and responses


6.3.2 Effort Multiplier Inputs

Here is a description of the “Effort Multiplier” inputs contained in the COSCOMO prototype user forms:

	Product Multipliers
	

	Required Reliability (RELY)
	How reliable the product needs to be, and how much extra effort goes into the development process to ensure that level of reliability

	Product Complexity (CPLX)
	How complex the product is

	Development for Reusability (RUSE)


	How widely the product and its components will be shared in this or other projects, possibly throughout several services

	Required Documentation (DOCU)


	How much documentation is required compared to the amount of documentation that is necessary to support the product during its lifetime

	Platform Multipliers
	

	Platform Volatility (PVOL)
	How often the deployment platform changes

	Bandwidth Restrictions (BAND)


	The speed of the network across which the web-based training will be delivered

	Personnel Multipliers
	

	Senior ISD, Human Performance Team Capability (SCAP)


	The relative capability of the senior analysts, senior instructional system designers, and human performance factors team as compared to others in the industry

	ISD, Development Team Capability (DCAP)


	The relative capability of the instructional system designers, programmers, and other development team members as compared to others in the industry

	Personnel Continuity (PCON)


	How often the composition of the project team changes, measured in annual turnover

	Courseware Applications Experience (APEX)
	Weighted average of the experience of the team in developing courseware applications

	Platform Experience (PLEX)


	Weighted average of the experience of the team in developing applications for the deployment platform

	Development Tools Experience (DTEX)


	Weighted average of the experience of the team in using the development tools chosen for the project

	Project Multipliers
	

	Availability of Lifecycle Tools (LIFE)


	Level of development and lifecycle support tools available to the project team

	Multi-site Development (SITE)
	How distributed the project team is, and how they communicate

	Schedule Expansion (SCED)


	The relative length of the schedule for the project as compared to the schedule for typical projects of the same effort


6.3.3 Scale Factor Inputs

In the COSCOMO mode, the five scale factors are personnel and project related factors to account for the relative economies or diseconomies of scale encountered for projects of different sizes.  They are as follows:

Development Flexibility (FLEX): How flexible is this project with respect to changes in requirements, interfaces, schedules, etc?

Process Maturity (PMAT): The organizations’ maturity rating organized around the Software Engineering Institute's (SEI) Capability Maturity Model (CMM). There are two ways of rating Process Maturity. The first captures the result of an organized evaluation based on the CMM. The second is organized around the 18 Key Process Areas in the SEI CMM.

Precedentedness (PREC): How unique or common is this course to your organization? (If a project is unprecedented or not similar to other previously developed projects within an organization, then its precedentedness is low.)

Architecture / Risk Resolution (RESL): The degree of design thoroughness and risk elimination.

Team Cohesion (TEAM): This scale factor accounts for the sources of project turbulence and entropy due to difficulties in synchronizing the project's stakeholders: users, customers, developers, maintainers, others.

6.4 Appendix D - Delphi Calibration Survey

The purpose of performing a Delphi Calibration survey on the COSCOMO prototype project was to set the values for each of the COSCOMO model parameters.  The COCOMO II modeling methodology often involves several iterations of the Delphi assessment process to attempt to capture what the experts believe has an influence on development effort.  For the COSCOMO model, our group of domain experts and courseware project managers reached consensus after three iterations of the Delphi assessment process.

The annex file “COSCOMO Variable Calibration Survey.xls” contains the complete list of survey questions utilized for this Delphi calibration survey.
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