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1 Introduction

Dispel the notion that "metric data is flat".  The information needs of managers at various levels of the organization can only be met if those needs become part of the measurement process goals.  By examining the organizational structure, and the decisions being made by managers at each level, specific information needs can be identified and decomposed into metrics to be supported by the measurement process.

This paper discusses methods for focusing the measurement process on supporting decision-making at each organizational level.  Aligning measurement with management structure results in defined data and information that the measurement process must deliver in a timely and accurate fashion.  Two primary goals of aligning metrics with the organizational structure are:

1. To ensure that the measurement process provides the data required by managers to support decision-making activities, goals and issues.

2. To prevent valuable resources from being expended on collecting metric data that is not needed for decision-making.

2 Overview of Measurement

The purpose of the measurement process is to provide the information required to guide the organization through the successful delivery of its products and services.  The “users” of the measurement process are managers and other decision-makers who control and monitor vital business functions.  The “product” of the measurement process is information that allows users to make informed, timely, and effective decisions.

2.1 The Measurement Process

The basis for the measurement process as practiced today is the Quality Circle, or Plan-Do-Check-Act (PDCA) approach, developed by Dr. Walter Shewhart in the early 1900s.  The quality circle breaks the measurement (or almost any) process into four separate activities: plan, do, check and act.  The PDCA framework is shown, along with corresponding measurement activities, in the following diagram.


The information needs of the organization become the basis of the planning which is performed during the measurement process.  The steps of PDCA are repeatedly performed, in the defined order.  The initial iteration represents measurement process definition, and subsequent ones represent actions to improve the process.

2.2 Alignment Activities in The Measurement Process

As shown in the previous section, the measurement process consists of five activities. The first measurement activity identifies the information needs of the organization.  The next four measurement process activities consist of PDCA, or the Quality circle.  It is the first two activities (“Identify Information Needs” and “Plan Process Measurement”) that establish the products of the measurement process as being aligned with organizational structure.

The information needs, identified in the first two measurement process activities, provide the foundation for the remaining three activities.  Measurement process implementation, evaluation and action should be based around the information needs defined when the measurement process is aligned with the organizational structure.  In addition, as technology, process and products change, these information needs will change, and the alignment activities will need to be repeated.  Finally, the overall effectiveness of the measurement process relies on the degree to which measurement provides the information that managers need – poor alignment will result in reduced measurement process effectiveness.

3 Identify Information Needs

Before a measurement process is defined and implemented, the information needs of managers must be defined.  The measurement process must be designed to support the ongoing management of business functions, and a prerequisite step is to establish what information is required by managers to achieve this.   

This activity consists of the following steps:

1. Define measurement goals

2. Define the organizational management structure

3. Define management roles

4. Define decision-making for each role

5. Identify management goals and operational issues

6. Identify aggregated information needs

7. Prioritize information needs

In many measurement process standards and guidebooks, identifying information needs is presented as a single activity that is applied to every level of the organization.  The steps presented in this section are meant to augment such a monolithic approach to identifying information needs.  These steps provide a more detailed approach to identifying information needs, and can be used in conjunction with existing measurement process approaches to determine organizational information needs.

The seven steps are described in more detail in the following sections.

3.1 Define Measurement Goals

With respect to a measurement process, the defining measurement goals step elicits and defines the measurement goals of the organization.  The goals of the measurement process support the competitive, strategic, technological, and management goals of the organization.  Since each organization is a unique combination of management, engineering, and process and product, the measurement process must be uniquely constructed to support it.  There is no “standard” set of measurement goals that can be applied to every organization seeking to adopt a measurement process.  Each organization is required define its goals as appropriate.

3.2 Define the Organizational Management Structure 

Defining the organizational structure of management is essential for constructing an effective measurement process.  Organizational management structures usually have several layers and are therefore not generally flat.  Before the measurement process can serve the needs of managers, the organizational structure must be defined.  The measurement process must support all levels of management, from team and group leaders to top-level CEOs and executives.  The organizational structure is typically drawn as a structure or pyramid.  A sample three-level organizational structure is shown in the following figure.

3.3 Define Management Roles

Within each level in the organizational structure, there are one or more unique roles that managers perform.  Roles can be identified by the unique skills and training required to perform the management tasks.  A practical test would be to consider whether managers in one role could perform the tasks in another role without additional training or guidance.  If managers can switch between roles in such a manner, then it is likely that one unique role would be adequate. 

In the previous three-level example, team leaders may be in one of two roles: software or systems team leaders.  Each identified role will receive measurement process information suited for the type of decisions made in that role.  For example, the measurement needs of a software engineering manager are not the same as a systems integration manager.  There may be some overlap, but there is also a significant amount of difference in the metrics required by a systems engineering manager and a software configuration manager, even within the same program.

3.4 Define Decision-Making for Each Role

Having defined the management roles of each organizational level, the specific decision-making activities for each role must be defined.  The measurement process will be structured to provide managers with the data to support decision-making before the manager makes the decision.

Decision-making activities are periodic (e.g. weekly, monthly or quarterly) events, as well as non-periodic events, commonly milestone based (e.g. preliminary design review [PDR], or critical design review [CDR]).  Many periodic and non-periodic events contain several decision-making activities.  In order for the measurement process to adequately support them, each one must be defined.  For example, a PDR might contain decisions related to design-to-cost, permission to proceed with detailed design and operational, functional, interface and other technical details.

To adequately support decision-making, the decision-making activities for each management role at each level of the management structure should be documented.  This should be done without considering the resources required to support all activities, as a later step in this framework will provide a priority-based scheme for assigning resources.

3.5 Identify Management Goals and Operational Issues

The measurement needs of an organization are separated into two types: goals and issues.  Goals are desirable process results, while the effects of issues on process are undesirable results.  During this step, goals and issues that could potentially affect business functions are enumerated.

Different levels of management have different goals and issues.  Additionally, within each management level, each management role may have unique goals and issues.  

The highest levels of the organizational structure provide strategic and competitive goals affecting all aspects of product development and service delivery.  Goals at this level could include adopting new technology, achieving levels of software maturity (i.e. SEI Software CMM Level 2), or increasing overall productivity or product quality.

At middle levels, management goals include measuring the effect of specific project management issues such as resource availability, schedule compliance and requirements volatility.  At the lowest management levels (e.g. team or group leaders), measurement goals include detailed technical performance and progress measures, such as software size and requirements growth.  The measurement goals of all levels of management must become the basis of the organizational measurement process goals.

Each time a software project is conducted, an organization must define the issues that affect the delivery of quality products and services.  These issues should be defined for each level of the management structure that can potentially be affected by the occurrence of these issues.

3.6 Identify Aggregated Information

Aggregated information is created by combining and summarizing information from several sources at the same management level, and then presenting it to managers at higher management levels.  During this task, aggregated information needs are identified by documenting the pieces of information that can only be created by combining information from lower levels of management.  Aggregated information should be documented as information required at one level of management where the associated data is obtained from a lower level of management.  By defining such aggregated information needs, the measurement process can accommodate the delivery of information to one level of management that is collected from a lower level.

Aggregation may involve identifying one ore more information items, and the associated technique for combining them.  For example, all software productivity is aggregated to form organization-wide software productivity information.  In some cases two different information sources may be involved in the aggregation, for example requirements and cost data.  The mathematical techniques used for combining data should be documented.

3.7 Prioritize Organizational Needs

Completing the previous six steps will result in a set of information needs that address the decision-making and the issues and goals of all management levels.  In most organizations, the resources allocated to the measurement process are finite, and tradeoffs must be conducted to reduce the scope of measurement to match available resources.  The selection of specific information items to be supported by the measurement process should be priority-based.  In this step, managers prioritize each information item identified in the previous steps.  Managers involved in this task should assign a single priority value (from a range of values) to each information item.  In the next measurement activity (the “Plan Measurement Process” activity), the resources available for measurement are assigned in order of priority until all resources are allocated.

In addition to assigning priorities to each piece of identified information, this step provides a mechanism to improve the buy-in to the measurement process by the affected managers, decision-makers and other stakeholders.  Involving managers in the prioritization task will produce increased support for the resulting scope of the measurement process.

4 Plan Measurement Process 

Planning the measurement process is the first element of PDCA in the Quality Circle.  The primary purpose of the planning step is to derive a set of metrics from the information needs of the organization.  The output of the plan step is typically a measurement process plan that is used as the basis for implementing measurement.

The Plan step should contain, at minimum, the following steps:

1. Decompose information needs into metrics

2. Determine scope of measurement

3. Prepare a measurement process plan

A complete measurement process planning effort will include more than the three steps identified in this section.  The purpose of describing them here is to allow the information previously identified to be translated into a set of metrics that support them.  

4.1 Decompose Information Needs into Metrics

The information needs defined in the previous activity represent the measurement process goals that must be supported through metric data collection, analysis and reporting.  Managers should employ a measurement selection technique to systematically decompose information items into one or more specific metrics.

Popular measurement selection techniques include SEI’s Goal-Driven Software Measurement, Joint Logistics Command’s Practical Software Measurement (PSM), and Vic Basili’s Goal Question Metric (GQM) approach.  Although each of these techniques focuses on a slightly different organizational objective, their purpose is the same: to provide a systematic means for selecting specific metrics that support the defined needs of management.  While most organizations follow one of these techniques, the techniques can also be used in combination.

4.2 Determine Scope of Measurement

Despite the cries of “If it moves, count it!” it is simply not cost-effective to measure every attribute of the processes and products involved in production.  A practical trade-off must be made between the information needs of the organization and the resources available to perform measurement.  This step requires that the organization fit the scope of measurement to available resources.

In Section 3.7, measurement information items were prioritized by the managers involved.  The priority that was assigned is just one of the factors needed to determine the scope of measurement.  Other factors to consider in determining the scope of measurement include the following:

· Frequency with which the data will be used by management

· Difficulty in extracting or collecting the base metric data

· Degree to which base metric data can be “re-used” (for example, one set of base metric data may support several metrics)

· Probability of occurrence of the issue associated with each metric

· Cost associated with process and tool changes to support the metric

Once these, and other factors, have been established, create a simple matrix to select metrics based on their management value as well as by their implementation cost.  The end result of this cost-benefit analysis will be a list of metrics that address the levels of management, management roles, and goal and issues that are of the highest importance to your organization.  This becomes the scope of your measurement process.

4.3 Prepare Measurement Process Plan

The final product of the plan step is a Measurement Process plan, or similar document.  This document contains a definition of the management structure, a prioritized set of measurement goals, with specific metrics identified for each level of organizational management.  The measurement process plan includes a comprehensive guide for implementing the measurement process, as well as for performing analysis on the collected data and reporting the results.

Because the information needs of managers depend on the domain of the project being measured, the measurement process plan may contain measurement process activities that are specific to each domain.  Domains may include the primary discipline of engineering (i.e systems or software), the type of production activity (i.e. development or maintenance), as well as technical factors (i.e. programming language).

The measurement process plan should be included in the organization’s asset library.  It is becoming common to publish asset libraries on an organization’s intranet, ensuring that the measurement process plan is accessible to all organizational managers.

5 Summary

This paper has presented a practical means for identifying the information needs of managers throughout an organization.  In order to identify these information needs, there is a systematic method for describing the levels of management, the roles of managers at each level, and the issues and goals appropriate to each management role.  The primary purpose of these activities is to align the measurement process with the information needs of managers at all organizational levels.

This approach can be used in conjunction with popular measurement process standards and guidebooks.  It can be integrated into existing measurement policies or standards to improve the focus of an existing measurement process on the evolving needs of managers.  Organizations seeking to implement measurement for the first time can use these steps to ensure that managers will receive the information needed for effective decision-making.
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