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What is the problem?
The problem can be summarised by another question: do we get a good view on the health of
a project by monitoring atomic tasks?

Atomic task
An atomic task is an individual task, thus anything but a summary. "Task", "summary", are
taken from the scheduler vocabulary, which is assumed to be known.

Process
A process is any collection of tasks that can be assembled on the basis of some common
characteristic.
E.g.: same contractor, same discipline, same area, same phase, same node of the project
tree.
A process can be defined by the project tree. The tasks set is then assembled on the basis
of the task’s WBS (work breakdown structure).
One summary can define a process consisting of all the tasks that are contained in the
summary. This is applicable to all summaries, whatever their level in the project tree.
A process can be defined by assembling a set of tasks on the basis of a common attribute.
As stated already: executed by the same contractor, part of the same partial contract,
belonging to the same area, belonging to the same discipline (piping, steel construction,
cabling, etc.)
The process idea has much to do with the physics of the project. We need to keep in mind
that the physics of the process prevail.

The physics prevail
Whatever the nature of the project might be, we will always be dealing with physical,
observable objects. A project is always about modifying real things or creating real things.
These real objects, in whatever shape, colour or flavour they come, must be observable.
Even if the project consists of a pure intellectual experiment, there must and will be some
observable outcomes: sketches, notes, music notes, drawings, whatever. Without
observable objects there can be no project.

Observing one task
Of every task at least two states are observable: no progress at all and task is completed.
Should even this not be possible, then we may be sure that we are not dealing with real world
objects or that we gave a very confused description to the given task.
When, in defining the tasks, we take care that intermediate states are observable, then it
becomes possible to track the timeline of the tasks completion in the physical sense.
The metric that is most common to track the physical progress is the percentage complete
value. This value expresses the % of the final object that has been completed (realised, that
can be observed) at any given time. Often are the % complete values items of a list of values.

We are then monitoring, registering, the physical progress of the task in a stepwise manner.
It is important that every such progress step has a welldefined and wellunderstood meaning
for all parties involved.
Example of such step system
0

Nothing done yet

10

Just started

25

A quarter of the final object exists

50

Half of the final object exists

75

A quarter of the final object still to be realised

85

Final object almost completed

95

Final object complete, but …

100

Final object exists in its full form

In some cases we are capable of defining a continuous measuring system for the physical
progress. The percentage complete values then take any real value in the range {0, 100}.

Observing other parameters of a task
Labor consumption
If we dispose of a system that tracks labor consumption during the physical accomplishment
of the task, then we can correlate physical progress and labor consumption.
At this point we need to put the relationship between physical progress and labor
consumption straight:
we observe that a quantity x of labor was needed to achieve a physical
progress y; x and y are independent observations. These can be
correlated by building the progress(labor) curve.
If at the beginning of the project, a total labor content for the task was estimated at the value
L, then we can also express the observed labor consumption as a % of L.
However, what we cannot do, is without observing the physical progress, conclude that given
a labor consumption of x' % (of L), the physical progress is also x' %. The reason is that, as
stated above, labor consumption and physical progress are independently observed
quantities.

The next diagrams will clarify.

Fig 1: Scheduled and observed physical progress of one task.
The diagram in Fig 1 displays two lines:
blue thick:
scheduled physical progress line, assumed to be a linear
function of time.
blue dashed: observed physical progress.
Fig 1 displays a frequent situation: the task finishes with a delay.

Fig 2: Scheduled and observed labor consumption of one task (the same as above).
The diagram in Fig 2 displays 2 lines related to labor consumption.
green thick: scheduled labor consumption as a function of time
(estimated when the schedule was constructed).
green dashed:observed labor consumption over time.
Labor is expressed as a % of the scheduled total labor consumption.
Fig 2 also displays a frequent situation: labor is above estimated values and ends at 120% of
total estimate, with the same delay (of course) as the referenced task.

Fig 3: Correlated curves  progress vs labor
Now we do some hocuspocus with the curves of Fig 1 and Fig 2.
We construct the correlation curves. The mechanism is as follows:
red thick:
correlates scheduled physical progress with scheduled
labor consumption. This curve is obtained by eliminating time between
those two curves. It effectively displays the percentage complete value as
a function of the scheduled labor consumption.
It reads: when labor ls has been consumed, then a physical progress p
has been achieved (it is the assumed situation).
The mistake one should not make now, is to think that given an observed
labor consumption, we can infer the achieved physical progress.
This will become clear by looking at the red dashed curve.
red dashed: correlates the observed physical progress (blue dashed in
Fig 1) with the observed labor consumption (green dashed of Fig 2).
What we can immediately read from this curve (NB: the one that represents the real
situation) is:
the physical progress p is not obtained when labor ls is consumed, but
when labor lr is consumed. We can conclude that the scheduled labor
curve cannot be used to predict the physical progress. The ratio ls/lr is the
actual efficiency of labor.
The efficiency or productivity can be <1, in which case we consume more
labor than scheduled (estimated, budgeted) or > 1, in which case the

opposite is true.

Conclusion
We observe physical progress and consumed labor independently.
We cannot use the scheduled labor to predict the physical progress, because we don't know
the labor efficiency a priori.

Incurred expenses.
Noting that incurred expenses will generate cash flows which, just as consumed labor, are
also consumed resources, we can immediately draw similar conclusions as in the previous
paragraph, namely:
We observe physical progress and expenses independently.
We cannot use the scheduled expenses to predict the physical progress,
because we don't know the (cost) efficiency a priori.
We illustrate these conclusions with a diagram similar as diagram 3 above, replacing labor
values l_ by cost values c_

Fig 4: Correlated curves  progress vs cost incurred
Should we use the scheduled expenses value cs to conclude that the physical progress
must be p, then we would effectively make an error of pp' percentage points.
Incurred cost cannot be used to deduce physical progress. Physical progress and incurred

cost are independent quantities.

General conclusion
p, l and c are independent quantities at task level.
Each of them follows its own track.
Correlation can only be done a posteriori.

Observing processes
In order to observe a process, we need to observe its constituent tasks. We also need a
mechanism to aggregate the values observed at task level, to the process level. This is the
mechanism that we use:

pS (t) =

∑ pi (t) wf i

i∈S

∑ wf i

i∈S

Progress of process S at time t

The above formula reads as follows:
The tasks that together form the process called S, are indexed on i. So we
have tasks 1,2,3, … N S .
For every task i, at a given time t, we know its progress. We call it pi(t) .
[Flashback]
When we constructed the schedule, we took care to define a weight factor
for every task: wf i . This weight factor is the expression of the importance
of this particular tasks in the complete set. The higher the value of wf i , the
more the progress of this task will contribute to the progress of the whole
process.1
Let’s continue with the formula: we multiply the progress of any given task
with its weight factor, so obtaining the “weighted” progress of the task. The
more important task (high wf i value) contributing more that the less
important tasks.
Now we add all these values up (hence the Σ ). We now have the total
progress for the process S at time t. But we prefer to get results that are
in a range {0,1} or {0, 100%}. Therefore we “normalise” the result by
dividing by the sum of all weight factors. The progress will now be a figure
in the range 0, (all tasks at 0 %) to 100% (all tasks at 100%).
This is how we aggregate the observed progress of individual tasks into
progress of a process.
1

How to define the weight factor will be handled in another article

When we apply this algorithm at regular intervals, namely on the status
dates, we obtain the track of the process. This track is shown as the
black dotted line in the figure 5 below. When we do the same for the
scheduled progress values, one per day, we then construct the scheduled
track of the process. This track is shown as the blue thick line in the
figure below.
Incidentally, these curves are also called the Scurves.

Fig 5: Scurve

Intermezzo
Now we know the difference between a task and a process. We know that we can observe
different parameters at task level, and that the physical progress prevails, because the
physics of the project prevail.
We know how to compute the aggregated progress of a process, given the tasks progresses
and their weight factors.
Now let’s see how we can use this information to assess the health of a complete project.

Assessing the health of a project
Looking at tasks
Small projects
Assume that we are looking at a project with only a small number of tasks, and by small we
mean really small, like 10 to 20. In this case we could construct a reporting system
consisting of counting the number of task that are on schedule, behind schedule, ahead of
schedule. We would do that by comparing the observed physical progress to the scheduled
value.
We could display the results is a diagram as shown in the next figure.

Fig 6: Tasks spectrum
We could then easily develop an intuitive model saying that if there are more than so and so
tasks late, then the health of the project is bad, and ok in the other cases. In the case shown
we would declare the project as being in bad shape, because obviously the majority of the
tasks are late.
When we care to take the measurement error into account, the above diagram starts loosing
a bit of its clarity. Indeed, when we observe physical progress, we use a metric, which as
every metric is impaired by measurement errors. The next diagram shows what could be the
result when these errors are taken into account. The situation can become less clear, say a
bit blurred, especially in the limit conditions.

Fig 7: Tasks spectrum with errors

Large projects
Large project: large task count, long duration.
We could decide to use the same procedure as for the small project and, looking only at
tasks, try to figure out in what shape the project is. We would probably produce a series of
“donut” diagrams, somewhat in the following way:

Fig 8: Tasks spectrum history
This set of diagrams reads like a book: left to right and top to bottom. It is clear that we see
evolutions, and specifically near the end of the project, it becomes clear that the state is ok,
finally. But what to say of the intermediate statuses ?

Another representation of the history may help us. The next diagram shows the timelines of
the same quantities.

Fig 9: Tasks spectrum history
It is clear that up until about 80% of the duration, we would be very much alarmed by the large
number of late tasks. If we are a bit of a project manager we would certainly have intervened
many times in order to correct this. In the end we would claim success, as indeed the project
finishes in time.
But is this the real story, and did we do so well ?

Looking at processes
Let’s continue with the previous project, and assume that “someone” used a process based
system to track the progress. This is the diagram that he obtained:

Fig 10: The real story
In this diagram, the scheduled progress line is blue and the observed track is red.
Monitoring the project by looking at this diagram, we would never have been inclined to

intervene, as the observed progress was never alarming, well on the contrary, it was mostly
ahead of schedule.
Why is there such a discrepancy in the case tasks vs. process?
The reason is simple and fundamental.
While monitoring by the tasks we were never capable of integrating the weight factors of the
tasks and so were misled by the fact that so many tasks were late. In the end we were
surprised (and of course took all credit for) by the fact that the project did end on time.
Fortunately, the responsible of the execution of the tasks chose to push the (fewer) tasks
with high weight factors, letting the (more numerous) low weight factor tasks slip. This is
clearly visible in the scurves.
This time we were lucky to have a site manager who knew his priorities.

We can now conclude:
●
●

●

●

●

●

if we choose to track a project by looking at the tasks, we will have to handle a large
quantity of information
this large quantity of information will make it difficult to generate a clear picture of the
real status of the project. In the end it will almost certainly generate confusing
messages.
In the particular case illustrated above, the first approach (tasks) would have led to
interventions when none were needed. This could bring the responsible of the
process off balance, generating problems where none existed.
The opposite situation is also possible and much more dangerous: the tasks generate
messages saying that all goes well, while the reality of the process, only revealed
through the monitoring of the process, eventually tells the opposite (and the truth)
In the end it should be clear now: we can choose between having to handle large and
confusing amounts of information, or handle far less and aggregated sources of
information that produce a more reliable image of reality.
we can choose between trying to control 1000 ants one leg at the time (tasks
analogy) or to take helicopter view and control whole groups of ants (the process
analogy)

Fig 11: Postcard of a desperate PM to his mum.

Using the process dynamics
Another argument that pleads against tasks in the case tasks vs process, is the possibilities
offered by the process dynamics information.
When monitoring processes, we generate data that will reveal the internal dynamics of the
processes we monitor.

Progress speed - First line analytics
We will use the next diagram to introduce a number of concepts.

Fig 12: Progress speeds
Basically we have these elements:
●
●
●
●
●
●
●
●

blue curve: scheduled progress track
red curve: observed progress track
point 1: an early status point of the observed process track
point 2: an average point on the scheduled track
point 3: a later point on the observed track
v1: the slope of the observed track in p1; it is the progress speed v1 in p1
v2: the slope of the scheduled track in p2; it is the progress speed v2 in p2
v3: the slope of the observed track in p3; it is the progress speed v3 in p3

Now we can perform first line analytics.
●
●

●

●
●

v1 compared to v2 is too low. Indeed, if we continue along the track as set at point 1,
we would never end in time.
the ratio v1/v2 is a measure for the productivity of the current process compared to
the scheduled process. It gives us immediately a measure of the amplitude of the
problem.
v3, the progress rate at a later stage is larger than v2. It is proof that whatever
measures we took ahead of point 3 and after the status at point 1 was known, we
have been successful in correcting the situation.
The ratio v3/v1 is the acceleration we realized within the real process. It is a direct
measure of our performance in driving the project to its goal.
The ratio v3/v2 is the acceleration within the process compared to the scheduled
track. It is a measure of our performance and eventually a measure of the estimation
error made at schedule construction time. This item is related to the resources.

Early warnings and what to do with them
The value of v1 and associated analysis can be obtained at an early stage of the project.
Hence we can dispose of valuable early warnings.
When confronted with progres speeds that are too low, the next question is: what can we do
about it. This in its turn poses the question about what are the possible causes, and how can
they be corrected.
The most frequent causes for a lower than expected progress rates are2 :
●
●
●
●
●
●
●
●
●

resources quantity lower than scheduled
resources quality lower than expected (results in lower productivity, much rework)
poor logistics
poor site mobility
poor information flow
poor information quality
poor leadership
cash flow problems
optimistic estimation.

Fact is that when we monitor processes, we dispose of the information needed to act on
above mentioned causes at an early stage. We can still choose to do nothing, but it will be in
full knowledge of the consequences.

2

Further details on these causes will eventually be developed in another article.

Predictive capabilities
Extrapolation
We now use the next diagram to explain the mechanism of predicting by linear extrapolation.

Fig 13: Extrapolation
We assume that only the black portion of the observed track is known, and that we are point
1.
We know the progress rate at point 1, and can immediately draw these conclusions:
● If we continue at the same rate v1, we will grossly follow the dark red dashed line, and
never finish in time. We will continue to accumulate delay upon delay.
● If we want to recover fully and finish in time, then we need to achieve the higher
progress rate v2, displayed by the green dashed line. The ratio v2/v1 tells us what
acceleration we need, and this quantity is a direct measure of the amplitude of the
extra effort we need to produce.
● If we cannot produce the progress rate v2, but v3 instead, displayed by the orange
dotted line, then the delay can be roughly estimated to be d as shown in the above
diagram

Affine transformation
This predictive technique is a bit more sophisticated.
It fully uses the process concept. In this technique we assume that the scheduled track is the
theoretical process characteristic and that the observed track is the real process
characteristic.
The technique consists in transforming the scheduled track to match the observed track by
applying two transformations: translation and uniform stretching.
The translation represents the part of the delay due to a late start (due to external causes),
The uniform stretch translates an assumed uniform productivity loss.
By combining those two transformations, a best match can be obtained between the
scheduled track and the known portion of the observed track. The end point of the thus
transformed scheduled track is an estimate of the end date, under the condition that nothing
is done to improve the ongoing process.
The next diagram should clarify.

Fig 14: Affine Transformation

The transformed scheduled track is the blue dashed line. The parameters have been chosen
in order to have a match with the known observed track, the black line. The results are shown
in the table:
● estimated total delay is 97 days
● of which 17 due to a late start
● and 80 days due to lower than scheduled productivity
● the observed productivity is 79% of the scheduled value.

Restrictions
There are some restrictions on the use of such predictive technique.
The tasks of the process must be homogeneous, of the same kind, in order to produce
significant results. This means that this technique ideally applies on process involving one
contractor, one discipline.
The reason for this stems from the fact that we use “productivity” as main factor to explain
the diverging behaviour of a process. When such process is executed by a variety of
resources, then the “productivity” becomes an averaged productivity of all kinds of resources.
In itself, this is not a problem. But when we want to correct the situation, then we run into the
problem of having to differentiate. Indeed, some kinds of resources might be performing very
well, while others might not. How will we differentiate? Unless we have information on the
behaviour of the classes of resources separately, we will have difficulties solving this
problem.
Hence the need to monitor resource performance

Monitoring attribute-based processes
So far we have implicitly assumed that all processes are defined by the project tree (WBS).
This is a good approach, and will satisfy the needs of many classes of projects. There is
another way for defining processes which complements the treebased technique: using task
attributes.
Tasks can be given attributes (this is the case in most schedulers) by which common
characteristics are set:
● contractor
● discipline
● area
● contract part
● risk class
● …
Such attributes can be used to define processes which are then attributebased, and not
treebased. Monitoring the physical progress of these processes will tell us much about the
productivity of the attribute class used.
Because such monitoring, or reporting, is not topdown structured (following the tree
structure), but provides information taken across the tree, we have called these “transversal”
reports.

On the need to define homogeneous processes
We must be aware that the above mentioned process dynamics are only meaningful 
analysis and forecast  provided that the processes are homogeneous.
A homogeneous process is a process built from tasks of the same kind  same resources
class, same discipline, etc.
When such is the case, then the displayed dynamics, the signals, are univocal,
unambiguous.
When we have to modify the process, we only have one class of activities to deal with.
If this is not the case, then we will not be able to modify the act upon the process, because
we will lack the knowledge about which subprocess(es) is (are) the cause of the problems

If only the dynamics of the blue process is known, how can we know on which sub  process
we have to act?

Final verdict
In the case Tasks vs Process, the Jury has concluded in favour of the Process.
The Jury has come to this conclusion after careful analysis of the presented arguments, and
has moreover added one important consideration not mentioned by the parties:
“Monitoring projects by process brings peace of mind, whereas monitoring by tasks tends to
generate hysteria”.

Further reading and documentation
DPC a Short Introduction
DPC with MSP
DPC with SmartSheet
Project Tree
Metrics
blog
Tracking Light
Tracking Advanced

doc
vid

DPC Startup Cost

There is a low cost startup path for all types of users
Please contact us.
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