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The short version
A Process Behavior Chart tells you whether a change in a number means something. It plots a measure over time, adds a center line and two limits calculated from the data itself, and gives a few simple rules for spotting a genuine signal.
Every business measure wobbles. Most of that wobble is routine, the ordinary noise of a process doing what it always does. Some of it is exceptional, caused by something that changed and is worth finding. Treating noise as a signal wastes management time and money. Treating a signal as noise lets a real problem, or a real improvement, slip past unnoticed.
The chart separates the two with arithmetic a spreadsheet can handle. The most useful version, the XmR chart, needs about fifteen data points, a calculator and five minutes.
In the sequence, Process Behavior Charts act as the referee. They confirm whether a queue is a real constraint, set the baseline an initiative will be judged against, and decide whether a change actually moved the system or simply had a good month.
Why the usual comparisons mislead
The standard board pack compares this month with last month, this quarter with the same quarter last year, and actuals with budget. Each comparison uses two numbers. Two numbers can tell you that something is different. They cannot tell you whether the difference is bigger than the process normally produces on its own.
Consider a support team whose median resolution time moves from 14 hours to 17 hours. The red arrow appears, a meeting is called, and someone is asked for an explanation. An explanation is always found, because people are resourceful. The following month the figure drops back to 15, the arrow turns green, and the explanation is quietly forgotten. Nothing about the process changed in either month.
Walter Shewhart gave this problem its vocabulary in the 1920s. He split variation into two kinds.
	Kind of variation
	What causes it
	What it looks like
	The right response

	Routine (common cause)
	The many small, constant influences built into the process
	Values that bounce around a stable center, inside predictable limits
	Leave individual values alone. To change the results, change the process

	Exceptional (assignable cause)
	A specific event or change that is not part of the usual process
	A value outside the limits, or a pattern that noise would rarely produce
	Find the cause. Remove it if harmful, keep it if helpful


Two mistakes follow from mixing them up. Reacting to routine variation as if it were exceptional is tampering: it costs effort, often makes the process worse, and teaches people that the numbers are a lottery. Ignoring exceptional variation as if it were routine means missing the moment when something actually happened.
No method eliminates both mistakes. A Process Behavior Chart sets the limits so that the first mistake is rare and the second is caught quickly, which is about as good as the economics allow.
Averages make things worse in a quieter way. An average of the last quarter hides whether the process was stable, drifting or lurching between two different states. Two processes with identical averages can behave in completely different ways, and only a time-ordered chart shows the difference.
Where the method comes from
Walter Shewhart developed the charts at Bell Telephone Laboratories in the 1920s and set out the theory in Economic Control of Quality of Manufactured Product (1931). The word "economic" in the title matters. Shewhart wanted a practical rule that would minimize the total cost of the two mistakes described in "Why the usual comparisons mislead", and he chose limits at three sigma because they worked in practice.
W. Edwards Deming carried the ideas into management. His work with Japanese industry after 1950, and his later book Out of the Crisis (1986), argued that most of the variation in any system belongs to the system, and that blaming individuals for it is both unfair and useless.
Donald Wheeler made the method usable outside the factory. In Understanding Variation (1993) he showed that a simple chart for individual values, the XmR chart, works on almost any time-ordered business data. He also replaced the old name, "control chart", with "Process Behavior Chart". The old name implied the chart controls something, when all it does is describe how a process behaves and leave the controlling to managers.
Wheeler's work also cleared away a good deal of folklore. The data do not need to be normally distributed. The limits do not need hundreds of points. The chart needs no specialist software. These myths have kept the method out of boardrooms for decades, which is a pity, because the boardroom is where the most expensive tampering happens.
Anatomy of the XmR chart
The XmR chart is the workhorse for business data. It handles one value per period, such as weekly bookings, monthly churn or daily queue length, which is how most management data arrives. It comes as a pair of charts drawn one above the other.
The X chart plots the individual values in time order. It carries three horizontal lines:
· the center line, usually the mean of the baseline values
· the upper natural process limit (UNPL)
· the lower natural process limit (LNPL)
The mR chart plots the moving range, the absolute difference between each value and the one before it. It has its own center line, the average moving range, and an upper range limit (URL). It shows how much the process jumps from one period to the next.
The limits are calculated from the process's own data. They are the voice of the process, describing what it will produce if nothing changes. Targets, budgets and specifications are the voice of the customer or the board, and they never go on the chart as limits. A target can be drawn as a reference line, clearly labeled, so the gap between what the process does and what the business wants is visible.
The width of the limits uses the moving range, so it reflects short-term, period-to-period noise. That is the clever part. A process that drifts or shifts will inflate the overall spread of its data, but it barely affects the moving ranges, so the limits stay tight enough to catch the shift.
How to build an XmR chart
An XmR chart takes seven steps and needs nothing more than a spreadsheet.
1. Choose one measure with one value per period. Keep the period consistent, and make sure the definition of the measure has not changed partway through.
1. Collect a baseline. Fifteen to thirty values in time order is plenty. Six to eight will do for a first look, with limits treated as provisional.
1. Calculate the mean of the baseline values. This is the center line of the X chart.
1. Calculate the moving ranges, the absolute difference between each value and the one before. A baseline of k values gives k minus 1 moving ranges.
1. Calculate the average moving range. This is the center line of the mR chart.
1. Calculate the limits using the formulas below.
1. Plot the values in time order, draw the lines, and extend the limits forward so new values are judged against the baseline.
The arithmetic is short:

The constants are fixed and need no looking up. The 2.66 converts the average moving range into three sigma for individual values. The 3.268 does the same job for the moving ranges. If the lower limit comes out below zero for a measure that cannot go negative, such as a count or a duration, the chart simply has no lower limit.
Worked example
SiteWorks Cloud, the fictional business in the sequence, tracks the weekly share of representatives' calls made to qualified leads, the primary workflow outcome objective for lead conversion, its constrained process step. Twenty weeks of baseline give a mean of 59% and an average moving range of 4.8 percentage points. The limits follow: UNPL 72%, LNPL 47%, URL 15.7 points. The baseline matches the 60% recorded at step 4 of the sequence.
The chart then tells two stories. Before SiteWorks introduced its qualification rule, every week sits inside the limits, including the 52% week that prompted an escalation meeting. After the rule went live, every week sits above the old upper limit at between 84% and 90%, and the jump in week 21 breaks the upper range limit. The process has moved to a new level, and the chart says so without anyone having to argue the point. The baseline and the pilot are described in step 12 of the SiteWorks Cloud Worked Example, and the verification in step 13.
Figure 1. XmR chart of the share of representatives' calls made to qualified leads. Illustrative data for the SiteWorks Cloud worked example, 28 weeks, limits from weeks 1 to 20.
	Weeks
	Share of calls made to qualified leads, %

	1 to 10
	58, 63, 56, 61, 52, 59, 62, 55, 60, 64

	11 to 20
	57, 61, 59, 63, 56, 60, 58, 62, 59, 61

	21 to 28 (after the change)
	84, 87, 88, 86, 89, 88, 90, 88


The baseline weeks are gray and the weeks after the qualification rule went live are blue. The limits come from the gray weeks only, so the blue weeks are judged against how the process used to behave.
Reading the signals
Wheeler recommends four detection rules for the XmR chart. Any one of them is enough to say the process has changed. Rule 1 alone catches most of what matters, and the others pick up smaller, sustained shifts that a single point would miss.
	Rule
	What to look for
	What it usually means

	1. A point outside the limits
	Any single value above the UNPL or below the LNPL
	Something unusual happened in that period. Find out what

	2. A long run
	Eight or more successive values on the same side of the center line
	The process has shifted to a new level, up or down

	3. Values crowding a limit
	Three out of four successive values closer to the same limit than to the center line
	A moderate, sustained shift that has not yet crossed a limit

	4. A jump on the mR chart
	A moving range above the URL
	A sudden change between two successive periods


The absence of signals is also a finding. A chart with no signals describes a predictable process, one that will keep producing values within its limits until something changes it. Predictable does not mean good. A process can be perfectly predictable and still sit a long way from target.
Two patterns deserve a second look even though they break no rule. A steady climb or fall across many points suggests a trend, and the limits may need to follow it. Values that hug the center line far too neatly can mean the data has been averaged, smoothed or, occasionally, tidied up by someone who knew it was being watched.
What to do with the chart's verdict
The chart gives one of two verdicts, and each calls for a different kind of management.
If the chart shows a signal, something specific has happened, and someone close to the process can usually find it. The question is "what changed around week 14?". Speed matters, because the trail goes cold quickly. A harmful cause should be removed and prevented. A helpful one should be understood and built into the process deliberately.
If the chart shows no signal, every value, high or low, comes from the same system. Asking for an explanation of last week's figure is a waste of everyone's afternoon. To get different results the system itself has to change, which is a management decision about process, resources or design. This is where the sequence comes in: steps 5 to 9 are a disciplined way of changing the system.
The chart also judges the system against the target. A predictable process whose limits sit comfortably inside the target is capable, and the right move is to leave it alone. A predictable process whose limits straddle the target will miss it some of the time, forever, until the process changes. Exhorting the team to try harder will not move the limits, though it may produce some creative reporting.
When to recalculate the limits
Limits are recalculated only when the chart shows that the process has changed, and only once enough new data exists to describe the new behavior.
· Recalculate after a sustained shift confirmed by rule 2 or rule 3, using the values from the new level. Eight to twelve new values give a usable first set.
· Do not recalculate to absorb a single outlier. Investigate it instead.
· Do not recalculate on a calendar schedule. Limits that are refreshed every quarter quietly move with the process and stop detecting anything.
· Record the date and reason for each recalculation on the chart, so a reader can see where one regime ends and the next begins.
In the worked example, the eight weeks after the qualification rule went live would become the baseline for new limits. The old limits stay on record as evidence of where the process started.
Common mistakes
Most failures with Process Behavior Charts come from a handful of habits, several of them inherited from well-meaning statistics courses.
	Mistake
	Why it goes wrong
	What to do instead

	Using the standard deviation of all the data for the limits
	Shifts and trends inflate the overall spread, so the limits widen and hide the very signals they should catch
	Use the average moving range, as in the formulas above

	Drawing targets or budgets as limits
	A target says what the board wants. It says nothing about what the process will do
	Calculate limits from the data. Show the target as a separate, labeled line

	Waiting for normally distributed data
	The three-sigma limits work well across the shapes of data businesses actually produce
	Plot the data and read it. Transform only if the measure is heavily skewed by its nature, such as rare events

	Plotting averages of averages
	Monthly averages of daily figures smooth out the variation the chart needs to see
	Chart the measure at the level decisions are made, and keep the period consistent

	Mixing different processes on one chart
	Two regions, products or teams with different behavior produce limits that fit neither
	One chart per process. Split the data where the work is genuinely different

	Recalculating limits every period
	The limits drift with the data and stop detecting change
	Recalculate only after a confirmed shift

	Asking for explanations of routine points
	People will always find a story, and acting on it is tampering
	Investigate signals only. Improve the system when there are none


The last mistake is the most expensive and the hardest to break, because asking "why did this go down?" feels like good management. Darth Vader ran his performance reviews on exactly this basis, judging each officer on the latest result with no regard for the system they worked in. Turnover among his admirals was remarkable, and the Death Star still had a design flaw nobody had dared to mention.
Where the charts sit in the sequence
Process Behavior Charts appear at four points in the sequence. At each one they answer a question that would otherwise be settled by opinion.
	Step
	Question the chart answers
	How it is used

	2. Find the value opportunities
	Is this financial driver stable, or already moving on its own, and is the queue at each join growing?
	A quick XmR chart of the driver shows whether a gap is persistent or a passing blip. Charts of the queue at each join show where work is building up, which points to the constrained process step

	4. Assess the workflow
	Is the queue at this step a real constraint, and what does normal look like?
	Where system data exists, quick charts of hands-on time, wait time and elapsed time test whether a queue is real or routine noise

	12. Execute in stages
	What does normal look like before the change, and is the staged release behaving as designed?
	The formal baseline at mobilize sets limits for each form of time that matters. Charts on the changed step and its neighbors then catch side effects early, and a chart of wait time at the next step shows whether work is piling up at the next handoff

	13. Track results, decide and return
	Did the change move the system, and has the constraint moved?
	Rule 1 or rule 2 signals against the formal baseline limits set at step 12 turn an estimated benefit into a verified one


The step 13 test is deliberately strict. A benefit is marked verified only when the charts show a signal in the right direction at all three outcome levels: the primary workflow outcome objective, the process step that contains the workflow, and the process outcome that carries the financial driver. In the worked example, the chart of calls made to qualified leads is the first of the three. A good month inside the old limits stays estimated, however pleasant it looks in the board pack.
The charts also protect the net advantage test at steps 6 and 9. An AI option is compared with the best non-AI alternative on the same baseline, so neither side can claim credit for routine variation.
Charting the three forms of time
The sequence measures time in three forms: hands-on time, wait time and elapsed time, where elapsed time is hands-on time plus wait time along the critical path. Which of them is charted follows the workflow outcome objective, which comes from the board's chosen metric. Each one charted gets its own chart, because each can move independently of the others.
· Chart only waits on the critical path, since a wait off it delays nothing.
· Measure wait time directly, from timestamps recording when work is queued, blocked and resumed. Working it out as elapsed time minus hands-on time fails when two people work on the same item at once.
· Where one kind of wait dominates, such as a dependency wait for input from a subprocess, chart that kind on its own. Mixing queue waits, dependency waits and decision waits on one chart breaks the one-process-per-chart rule above.
· Durations are usually skewed by a few long items, so chart the median per period and keep the period consistent.
· Flow efficiency, hands-on time on the critical path divided by elapsed time, can be charted as well. It is a useful summary for the board, but the underlying charts are the evidence.
For time-based benefits, a signal on hands-on time counts only if elapsed time shows a signal too, and only if the chart of wait time at the next step shows no matching rise.
How measures are chosen, agreed and verified is covered in Measuring Improvement Initiatives.
Quick reference
	Item
	Value

	Data needed
	One value per period, in time order. 15 to 30 for firm limits, 6 to 8 for provisional ones

	Center line (X)
	Mean of the baseline values

	Moving range
	Absolute difference between successive values

	UNPL
	Mean + 2.66 × average moving range

	LNPL
	Mean − 2.66 × average moving range (omit if below a natural floor such as zero)

	URL (mR chart)
	3.268 × average moving range

	Signal rules
	A point outside the limits. Eight in a row on one side. Three of four nearer a limit. A moving range above the URL

	No signal
	The process is predictable. Leave individual values alone and change the system to change results

	Signal
	Something changed. Find the cause quickly

	Recalculate limits
	Only after a confirmed shift, using data from the new level

	Three forms of time
	One chart for each form the workflow objective calls for. Wait time measured from timestamps, on the critical path only


Further reading
· Donald J. Wheeler, Understanding Variation: The Key to Managing Chaos (1993, second edition 2000). The best single introduction, and short enough to read on a flight.
· Donald J. Wheeler and David S. Chambers, Understanding Statistical Process Control (1986). The technical reference behind the constants and rules.
· Walter A. Shewhart, Economic Control of Quality of Manufactured Product (1931). The original theory.
· W. Edwards Deming, Out of the Crisis (1986). The management case for understanding variation.
· Mark Graban, Measures of Success: React Less, Lead Better, Improve More. A practical guide to using the charts in place of red and green arrows in management reporting.
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