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General.  This paper presents lessons learned in the development of a prototype Performance Dashboard for the Naval Surface Warfare Center, Port Hueneme, California.  The prototype dashboard was developed in 2007 to support NSWC’s Tomahawk Weapon Control System Installation Program.  This paper incorporates lessons learned from that prototype and other research into a recommended development process along with some design guidance.
Why Use a Dashboard ?  Businesses have implemented dashboards because they found that there was no single place where overall progress toward success was available.  Using disparate systems and trying to synthesize a variety of data and indicators into meaningful status is usually difficult and many times does not provide a good view of performance.  Some organizations have found that they can only visualize their true performance in a retrospective way, at the end of the project.  Dashboards can help business managers be aware of their performance more real time so they can more efficiently manage to success.  

Definition of a Dashboard.  A performance dashboard is a business intelligence tool depicting key goals of the business as well as progress toward them.  It is a visualization of objectives and a measure of performance.  A dashboard tells at a glance how you’re doing and helps business managers keep focused on what is important.  A dashboard helps managers:

· Monitor progress toward key goals – see where they are  

· Analyze root causes of problems – find what’s affecting performance
· Manage resources -  make decisions to steer toward success. 

Development Process.  Figure 1 shows a dashboard development process, the main subject of this paper.
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Figure 1.  Dashboard Development Process

Step 1 – Identify the Dashboard User.  Who will use the dashboard ?  It matters.  The types of data and progress indicators represented on the dashboard will depend on the user.  For example, the company CEO will be interested in a different set of indicators than the factory floor QA manager.  The CEO will be focused on strategic business drivers (revenue, profit, expansion) and his obligations to employees and stockholders, while the QA Manager might have a narrower focus on widgets coming off the line.  Both may find benefit in using a dashboard, but the two dashboards would probably not look alike at all.  Resist the idea that one dashboard will work for everyone – it’s probably not true  However, there may be some cascading of related dashboards, meaning that some of the same data may be used to drive different views for different dashboard users (lower level dashboards may roll up to a higher level one).  

Think about how the user will need to access the dashboard.  Typically, users want access at any time, from anywhere, which implies a web-based product.  Determine if the users have any special access restrictions (like NMCI) or other major access constraints that will drive how the product is developed.

Step 2 - Define Success.  The dashboard will status progress toward success, so before we establish how to measure and display progress, we must first define success.  Top level management needs to define the key drivers of business value.  That is, define those qualities of business performance that are highly valued, that enable the business to prosper – define what it means for the business to succeed.  These are typically very high level goals or objectives and directly relate to the business mission.

One way to help executives and managers define their key business drivers is to have them answer this question: “How do you know the business is doing well ?”  The answer to that question is likely a combination of factors, not one single aspect of the business.  The key drivers may relate to sales and profit, business expansion, customer satisfaction, technical quality, competitiveness, or other business aspects.  Not-for-profit organizations also have key drivers but they usually do not focus on revenue or profit.  

It is important that this step of defining success is done correctly – it is foundational to an effective dashboard.  Surprisingly, some executives and high level managers have difficulty defining success for their own company or organization.  Spend the time necessary to ensure there is a clear, agreed-upon list of key business drivers before proceeding.  Once the key drivers are known, measures of progress need to be identified.

Progress in achieving each key business driver has to be measurable.  Without measures, there will be no way to tell if progress is being made.  Some key drivers may be easily measurable in direct, objective ways while others might require indirect measurement or, in some cases, subjective measure.   In any case, progress toward achieving key business drivers must be measurable and those measurements are the Key Performance Indicators (KPIs).

Step 3 - Identify the Key Performance Indicators.  Business drivers need to be translated into KPIs.  KPIs are measures of progress in key areas; the areas that lead directly to success.  If all KPIs are met, the business driver is achieved, furthering overall business success.  KPIs are typically defined by answering this question: “In order to achieve Key Business Driver X, what all needs to happen ?”  Another way to identify KPIs is to ask the user; “What types of information do you need to do your job ?”

Figure 2 shows the relationship between KPIs, key business drivers, and overall business success.


Figure 2.  KPIs Achieve Key Business Drivers, Enabling Business Success

Table 1 shows a sample worksheet that can be used to refine key business drivers into measurable performance indicators.  A discussion of the table and its components follow.

Table 1.  Sample Worksheet to Refine Business Drivers into KPIs
Key Business Driver – Increased Profit
	Factor
	Measure (KPI)
	Dimension (Weeks, Months)
	Target


	Priority
	Source of Measure

	Sales
	$Million
	Quarterly
	5 M
	1
	Booked orders

	EBIT
	$$K
	Quarterly
	250 K
	3
	Financial System

	Expenses
	$$K
	Monthly
	- 10 %
	2
	Financial System


In the table above, the Measures are the KPIs.  These are the indicators that tells us that progress toward the Key Business Driver is occurring.  The Dimension refers to how often this indicator can be measured.  Target is the optimum point, what we strive for.  The Priority column is where we rank the KPIs (not all KPIs are equal).  This ranking may be needed later when models are built to drive dashboard indicators; the relative importance of KPIs may determine when the dashboard shows an alarm condition.  The Source of Measure is where we will go to get the specific KPI status.

Identifying KPIs sometimes results in a discovery that a particular KPI is important, but is not measurable.  This condition require further analysis – if a KPI cannot be measured, it certainly is not a KPI.  Ideas for measuring an “un-measurable” KPI might be discovered by posing this question: “Since you say this KPI is important, how do you know today (before a dashboard) if it is being achieved or not ?”  Another method to flesh out KPIs measures might be to tell the manager that his/her mid-year raise this year will depend on whether or not the KPI will be achieved, based on measures at mid-year.  In the end, any KPI that cannot be measured should be discarded – it is not a KPI.

Explore How KPIs Will be Used.  Think through how each of the KPIs will be used.  It will be helpful to identify the actions and decisions that the KPIs might trigger.  This will be helpful in two ways:

· It validates the KPIs.  If the discussion reveals that there are no decisions or actions that a KPI might trigger, the importance of this KPI should be examined to be sure it is a “key” indicator (there may be some key indicators that are for info only, but they would be the exception)

· The decisions or actions triggered may end up being displayed on the dashboard.  One design goal of a dashboard is to show the KPI, its current status, and what the manager should do when it is out of bounds.

KPIs Must be Actionable.  The whole idea of a dashboard is to provide a tool to manage to success.  Managing to success means making decisions and taking actions to ensure success happens.  When a dashboard shows a negative trend, management needs to do something to reverse the trend - management has to take action.  Therefore, each KPIs on a dashboard needs to be one that can trigger an action or a decision.  Each KPI should be examined for boundary conditions since exceeding a boundary typically triggers actions.  One way to elicit the likely action triggers for each KPI is to use a worksheet similar to Table 2.  

Table 2.  Sample Worksheet for KPI Triggers
	KPI
	Boundaries
	Trigger
	Decisions
	Actions
	Notes

	Defects/K
	0 to 10
	>5
	
	Root Cause Analysis
	Determine cause, change process

	SV
	-20 to 0
	<0
	Examine  Critical Path
	
	Lean Event ?

	CV
	-10 to +10
	<0
	
	ID top 2 cost drivers
	Will they repeat ?


Step 4 – Plan the Basic Dashboard Layout.  Dashboard design has two basic phases:  basic layout and indicator design.  Basic layout should be addressed before indicators are tackled.  One goal of dashboard design is to present all the information on one screen so that all the KPIs show at once, telling the entire story in one place, at a glance (much like the dashboard on your car).  Paging or scrolling should not be required.  Achieving this goal usually means packing a lot of information into a single screen, which can be a challenge.  Here are some guidelines for basic layout considerations:

1. Plan for how many indicators will fit.  Some dashboard designers feel that there should not be more than seven indicators shown at once.  Some feel that you should pack in as many as the user wants and will fit.  Still others believe the best approach is to let the user decide – let the user select from a list which indicators he/she wants to see.

2. Determine the logical order the user will want to look at the information.  The ranking of KPIs done in Step 3 is another guide for where indicators go.

One layout factor to consider is this:  tests show that objects in the upper left quadrant and the center receive the most attention.  If there is a logical flow inherent in the business, it too should be considered in the layout.

Step 5 – Design the Indicators.  Most users prefer graphical representations of KPIs.  Graphical elements might be line graphs, dials, gauges, stoplights, or other objects.  Graphics can convey multiple types of information at a glance: context (conveyed by its shape), measure, and state.  Some information may lend itself to simple tables.  When designing graphical elements, resist the temptation to use eye-popping objects simply because they are available.  Graphics should:

· Fit the space available

· Be appropriate for the task being modeled

· Provide a measurement

· Provide context

· Provide performance state.

These aspects are discussed further below.

Use a Simple Design.  Aim for the simplest representation.  An example of moving toward simplicity applies to a stoplight with three lights.  Since the current state of the KPI can only be one color, why have three lights ?  Why not simply have one light showing the color depicting the state ?  This might be as simple as a colored circle next to a metric such as:


Consider not using a graphic element at all unless the measure requires it.  The absence of an object can mean “no news is good news”.  In the example above, the user will understand that a metric without a circle next to it means acceptable performance.

Indicators Should Convey Performance State, Trend, and Variance.  Performance state is the current measure.  States might be very good, good, bad, etc.  State is typically conveyed via color (green for good, red for bad, etc.).  Consider if the extreme states are needed: is “good” sufficient ?  Will the user want to know when performance is much better than good, when it is “superior” ?  How bad does bad need to be before it doesn’t matter any more ?  The following colors are typically used on dashboards to show state:
	Performance State
	Color

	Superior, Outstanding
	Blue

	Normal, Good
	Green

	Caution, Warning
	Yellow

	Bad, Urgent
	Red


A performance trend is needed to tell the user the direction of performance in relation to the recent past.  The trend helps add context to the static state measure.  Objects that show trends might include a calibration and a threshold to show where “goodness” is.  Typical trend indicators are + and – signs and arrows.  Arrows offer more flexibility since they can be pointed in any direction (vice simple + and – signs), and can be combined with the state to have one object do two jobs.  For example, an arrow can be colored yellow indicating a concern, and can also be pointing up showing the overall trend is improving.

Performance variance is a comparison of actual performance with a target value, with the difference displayed.  Variance can be depicted with numbers, line graphs, thermometer gauges, or other objects.

Figure 3 presents a sample dashboard for an executive concerned with financial success of a company.  The layout and objects are discussed following the figure.


[image: image1]
Figure 3.  Sample Dashboard for a Financial Manager

This dashboard presents trends, a stop light for the KPIs, a variance chart, and the raw measures.  The combination of these indicators provides status, how we are doing compared to lately, how far off the target we are, and the current measures for four KPIs.  The goal is for the user to know the overall status and if he/she has to take action or not.  The elements of the dashboard are discussed below.

Spark Lines.  The lines on the left side of Figure 3 are spark lines.  Spark lines show a relative trend over a prior period of time.  No scale or legend is used with a spark line; it is intended only to give a broad view of the trend at a glance.

Metric with stop lights.  The metric is the actual KPI being measured and it is accompanied by a stop light.  Note that one KPI has no stop light – Defects.  The absence of a stop light indicates a normal or acceptable situation.  

% of Target.  This is variance.  A combination of a thermometer gauge, a progress bar, and target are used here.  The target line shows where performance is normal or acceptable.  The progress line shows where it is right now.  There is no scale; the intent is to show a relative variance from the target at a glance.

Actual Measure.  This is the raw number without any context.

Figure 4 takes the format of Figure 3 and adapts it for Navy Shipboard Installation work.  This sample dashboard assumes the user is the highest-level manager responsible for the work.  


[image: image2]
Figure 4.  Sample Navy Installation Dashboard

Possible interpretation of the dashboard in Figure 4:

· We are doing well on cost, ahead of target.

· We are behind schedule.  Trend continues to get worse (see spark line).  Average lateness for installs is 11 %.  Decision – The lateness trend has to be reversed.   Action - Find out the main schedule drivers and why they happened.  Do we need a linked critical path sked to manage to ?  Can additional staffing help ?  Are all the steps truly required ?

· Quality of our work is acceptable.

· Our customer is not happy.  The trend got sharply worse lately.  Decision - This is an urgent issue that requires direct management attention. Action – Find out if the unhappiness is confined to schedule issues, or are there more ?   Develop a plan to improve this area.

Top-Level Summary - We have major issues.  Doing well on cost won’t mean much if we lose this customer.  
Step 6 -Validate a Mock-Up.  Build a static mock-up of the dashboard.  Review it for:

· Basic layout – will it fit on one screen ?

· Logical flow – does the nature of the business lend itself to a logical sequence of presenting the indicators ?

· Are the most critical indicators in the upper left or center of the screen ?  Those areas are where people tend to focus.

· Are the graphical objects appropriate ?  Does their content, shape, and color convey anything to the user ?

· Do all colors used convey some state of information ?  If not, don’t use color.

Present the mock-up to some users for review.  Test if KPIs are actionable by asking users what they would do when each indicator exceeds a boundary.  Ask if the dashboard would provide the user any information they don’t already have (if the answer is no, the dashboard may not be needed at all).  Ask the users if a fully functioning dashboard like the mock-up were working today, would they get new value out of it - and what is that new value ?    Incorporate changes based on this review.   

Step 7 – Implement a Little.  Build one or two indicators and feed them real data.  Check that they behave as expected.  Examine how automated the data update process can be – how much manual input might be required ?  Even if some manual input of data is required, is it a reasonable cost considering the value of the dashboard ?  
Step 8 – Use it, Get Feedback.  Expose the limited scale working indicators to potential users and get feedback.  Encourage the users to start using the dashboard even if it is a limited scale version; use will flesh out any remaining issues.
Step 9 – Implement More.  Based on feedback from the limited scale version, build the rest of the indicators and finalize the dashboard.  Deploy the dashboard to the users.
Step 10 – Assess Value.  Starting in the mock-up phase and continuing thru deployment and use, it is important to value the dashboard as a management tool.   Assessing the value of the planned dashboard helps keep the development focused on building a tool that truly helps managers.  Assessing the value after deployment helps estimate the return on investment.  Some indicators of value are:
· Is the dashboard used on a regular basis ?  Is it used by who you thought the users would be ?
· Is it apparent that decisions are made and actions taken as a direct result of using the dashboard ?

· Do the users request updates or changes ?

· Pose this question to dashboard users: “The dashboard will be down for a few weeks, will that impact you ?”
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