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A REVIEW OF PROBLEM-SOLVING TECHNIQUES, TOOLS, AND COMMON PITFALLS.

N ANY MANUFACTURING PLANT, THERE ARE SO MANY OPPOR-
tunities vying for our attention that picking our
battles is almost as important as fighting them

(D).

PICKING A PROJECT

The process begins by developing a thorough master list
of problems we might be able to solve or mitigate. Since
there is never enough time or resources to do every-
thing, we can choose only a few items from that list to
begin work on. The selected items are placed on an
active list. Both the master and active lists of projects
should be updated regularly. Items are added to the mas-
ter list as they occur to us and deleted only when they
will not benefit from additional effort. Items are added to
the active list when they have reached a priority status
and we have the resources to work on them.

Lists of opportunities can come from a variety of
sources, many of which are obvious. Sometimes the boss
tells us what to work on. It would be prudent to consider
such requests, even though Rule #1 does not so univer-
sally apply as the maxim indicates. Sometimes customer
needs and complaints monopolize our consciousness.
This happens when “the customer is always right” mania
replaces the more coolheaded “the customer is always
the customer” approach to honest and fair dealings with
a business partner. Other sources for project ideas are
the most costly waste (2) and delay (3) items.

Operator squawks are an often-overlooked source of
ideas. (The term “squawk” is used by pilots and mechan-
ics to denote items that need attention on an airplane.)
Operators will tell you much if you earn their trust, ask
them for ideas, and listen carefully. Pay most attention to
the seemingly small and unimportant “nuisance” items,
which can have handsome returns. Often clients ask me
how to spend earmarked money to rebuild their equip-
ment so that it runs better. On more than one occasion,
my advice was to install good lighting, since it would pay
back sooner than any other upgrade. A lighting upgrade
will pay for itself if only one roll is saved because the

operator didn’t misread the tape measure while setting
slitters in the dark recesses of the winder.

Another source for projects is your own passions and
hunches. If you really want to work on something badly,
you will succeed where others less interested might fail.
If you have a hunch that something will pay back, listen
to that sixth sense. Take care, however, that you don’t
work on things that are personally interesting but not
largely helpful to the bottom line.

After the list of project ideas is drawn up, it must be
prioritized or ranked. If you are truly mired in problems,
you must perform triage. (War wounded are separated
into three groups: those that will probably survive with-
out attention, those that need immediate attention to sur-
vive, and those that probably won’t survive. You work on
the middle group first.) If you have more sedate condi-
tions, you can rank the opportunities by potential savings
in waste and delay and then select your projects from the
top few. There are shortcomings with this common
approach, however. The top few problems are likely to be
difficult or costly, else they would have been solved long
ago. It is also possible that some of the top problems are
currently insoluble for a variety of reasons, including
insufficient technology or conditions that are overcon-
strained. For example, we currently don’t have the tech-
nology to treat, much less cure, the rabies disease no mat-
ter how much we would wish otherwise.

A flip-side methodology is to work on the easiest
problems even if they aren’t the attention-getters. There
is much to be said about improving something in a
straightforward, low cost, low risk manner. If you really
want to make a science of it, however, you rank oppor-
tunities in order of greatest cost-benefit ratios. Only then
can you be certain that your efforts will be most helpful
to your company.

PROJECT DEFINITION
Before diving into our ameliorative efforts, it is best to
spend some time thinking about goals and formulating a
good problem statement (4). Even if the project is
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already defined and assigned, a critical examination is still
a valuable exercise. For example, did you know there are
always three aspects to a problem statement? The three
aspects are: what they say it is; what they think it is; and
what it really is. Differences among these aspects may
not be subtle and unimportant, especially in regard to
customer—supplier relationships. In most cases, technol-
ogists will seek to resolve the underlying physical prob-
lem. Nonetheless, how the solution will be received by
the customer or boss must be considered for maximum
success.

A good problem or goal statement has several impor-
tant characteristics. First, its foundations are solidly built
upon the business economics of reducing costs, increas-
ing manufacturing efficiency, increasing product quality,
increasing the scope and flexibility of manufacturing
processes, and so on. It is important to know how much
a problem costs or how much an opportunity is worth
prior to accepting a project assignment. Second, progress
should be reasonable and realistic. It does no good, for
example, to assign goals that may require nonexistent
resources of time and/or money. Third, progress should
be quantifiable. It does little good to try to reduce cus-
tomer complaints if, for example, defects are not mea-
sured and complaints are not tabulated to begin with.
While progress might be made, the results would be sub-
ject to debate.

Unfortunately, poor problem statements abound. For
example, | have been asked on many occasions to reduce
the tightness of wound rolls. Yet tight rolls are rarely a
defect. The assignment should have been posed as reduc-
ing the incidences of rejects due to baggy webs, block-
ing, or whatever. This definition allows additional solu-
tions such as reducing caliper variation, redesigning the
surface chemistry, and so on, which are usually much
stronger and often overpowering influences. It is all too
easy to let someone turn a symptom or observation into
a problem if you aren’t careful.

Another example of poor problem definition is the
assignment to reduce the costs of the converting depart-
ment. In many cases, the necessary homework hasn’t
been done to see first if the costs and efficiencies are
comparable with contract converters or competitors. If
they are, one can expect that significant progress will be
either unlikely or could require significant efforts.
Another reason this goal is poor is that one can easily
reduce converting department costs by shutting down
machines and laying off operators, but that may not be in
the company’s best long-term interests. When given
these types of assignments, | often try to find quick and
easy things to work on first. This has the benefit of deter-
mining whether modest resources and efforts can be sus-
tained for a short time. If so, then the confidence gained
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from successful completion of a modest project can lend
momentum to later efforts directed toward more sub-
stantial issues.

One pitfall to avoid is the arbitrary target. Too often
one receives a commission to reduce defects by x %,
increase speed by y %, and so on. Such numerical targets
can be camouflage to make a poorly researched problem
appear precisely defined. The law of diminishing returns
teaches us that the cost-benefit ratios will quickly
become unfavorable after a certain level of improvement.
However, where this point of no return lies is very sel-
dom known at the initial problem-definition portion of
the project.

Most importantly, you never want to try to fight
physics with your problem statement or constraints. As
an example, I've been asked to reduce core crush with-
out the leeway to change key variables such as the mate-
rial (this is the product we make), winding tensions (if
we wind looser, the material telescopes), or the core (too
expensive to increase wall thickness). In the paper indus-
try, NIDS (nip-induced defects) often fall into this cate-
gory (5). Even though the winder/unwind generates
these defects, there is often little that can be done on a
given winder to reduce the problem significantly when
constrained to wind a given roll size of a given raw mate-
rial. In extreme cases like these, all you can do is to offer
one last piece of advice: Find another project to work on.

DETERMINING OPTIONS

The next step in problem solving is the most important,
but it is also the most difficult to do well. That step is to
make a complete list of options that will significantly
reduce the problem severity or incidence. If the list is not
complete, opportunities may be lost. If the list has non-
functional “solutions;”which is often the case, energy and
resources may be expended to no avail. To illustrate the
importance of the options step, consider this: If a good
set of options is generated, even the poorest of decision-
making processes—such as throwing darts—will yield
results; but the converse is not necessarily true.

Homework is a requisite in developing a successful
list of options. Obviously, one should gather information,
observations, and data about the extent, timing, and char-
acter of the problem. However, data gathering alone is
not sufficient. One should also perform a database search
of the literature and possibly search through patents to
see if the industry has already found hints or even a solu-
tion to your problem. To paraphrase a maxim from Bell
Laboratories: “Four weeks in the lab will save four hours
in the library” Unfortunately, many people are unaware of
the wealth of basic troubleshooting guides that are avail-
able,such asTAPPI's Roll and Web Defect Terminology (6).



After a search of written material | Bounding and bracketing Bias, prejudices, and preconceived notions
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tures allow dialogue on nonpropri-
etary subjects. Consultants and their
areas of expertise can be found in computer databases
such as those maintained by The Institute of Paper Sci-
ence and Technology (IPST), Teltech, and other organiza-
tions.

If, the problem is clear, clean, and well known, then
the search should reveal a good list of options. Unfortu-
nately, this is seldom the case in the real world because
the lists vary among the sources. At this point, the natural
response is to look at options that are common to all or
most of the sources and judge those options to be accu-
rate. However, this is a fallacy of logic that goes by vari-
ous names, including “science by consensus.” While it is
prudent to consider frequency of mention as evidence of
truth, it is by no means irrefutable.

HOW TO BE A GOOD PROBLEM SOLVER

At this point, you are well immersed in a true problem-
solving situation, where the solutions—and perhaps
even the problem—are not known for certain. Since it is
beyond the scope of this article to teach problem solving
(7),all I will do at this point is outline the steps and tools
that can be used to proceed along the best path when a
map is not available.

To be a good problem solver, you must first arm your-
self with a depth of knowledge on the subjects or areas
in which you commonly work. Equally important is the
need to expand the breadth of your knowledge to inter-
related areas, since most process problems are not simply
compartmented into chemical, electrical, or mechanical
categories. As the saying goes, “Change favors the pre-
pared mind” Knowledge is most simply obtained
through extensive reading of trade journals, technical
journals, books, and reports. However, regular attendance
at conferences, short courses, and seminars is also impor-
tant. The trait that is most helpful here is a burning
curiosity to know how things work.

I. Problem-solving tools and techniques

1. Problem-solving pitfalls

To be a good problem solver, you must also be cre-
ative, imaginative, and often daring. You should be able to
look at common machinery and processes from various
angles and with fresh eyes. You also should be able to
consider and eschew conventional wisdom when it does-
n't seem to be leading in fruitful directions. Unfortu-
nately, there is a tendency to lose creativity as we get
older and more learned. In other words, knowledge can
get in the way of seeing other possibilities. This is not to
say, however, that ignorance is an advantage for problem
solving, because both creativity and knowledge are use-
ful in equal measures. The most useful trait here is the
ability to brainstorm as an individual or in a group.

Finally, a good problem solver has and uses a variety
of problem-solving skills. It is important to avoid the
common trap of regularly using a preferred tool or tech-
nique to solve problems. Examples of tool fixation
include the statistician who can’t see beyond mathemat-
ical correlations or the process engineer who fixates on
his/her new data-gathering instrument. Similar problems
occur when a group has been taught one of the several
formal problem-solving strategies that channel the group
to constrain their thought processes to that particular
technique. In all of these cases, one is handicapped much
like a mechanic with only an adjustable wrench and pli-
ers in his toolbox, or a surgeon with only a single scalpel
and scissors on her instrument tray. Table I lists just a few
of the useful tools and techniques for problem solving.

PROBLEM-SOLVING PITFALLS

A good problem solver must avoid pitfalls that can inter-
rupt or preclude progress. Pitfalls can be as obvious as a
lack of sufficient resources to work on a problem. On the
other hand, pitfalls can be as subtle as the personal biases
and preconceived notions of our bosses, coworkers, or
customers. Table Il lists just a few of the situations to
avoid.
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Type

Errors in logic

Rationalization

Circular reasoning

Irrelevant reasons (non sequitur)

Straw dog

False dilemma

Fallacy of ambiguity

Fallacy of the general rule (dicto simpliciter)

Post hoc fallacy

Reversing cause and effect

Popularity; science by consensus (argumentum ad populum)
Appeals to (inappropriate) authority (argumentum ad verecundiam)
Arguments against person (argumentatum ad hominem)
Slippery slope; the camel’s nose is in the tent

Appeals to ignorance (argumentum ad ignorantiam)

Wishful thinking; Pollyanna principle
Red herring
Faulty analogy

Example

Syllogistic, affirming the consequent, denying the antecedent, etc.

Card stacking, suppressing information

“We need to increase productivity because productivity is too low.”

“This car is fast because it is red.”

Give the other side’s weakest points and then knock them down

“Do you want to cut spending or increase taxes?”

“If all men are created equal, why are some poor?”

“Speeding is dangerous; therefore never speed.”

A rooster crowing causes the sun to rise

“People are overweight because they don't exercise.”

Compliant covered roller, coated winder drums

A sports hero in advertisement

“He is a drunk, so his opinions are unreliable.”

“If we distribute contraceptives to teenagers, then promiscuity
will result, causing a breakdown of family values and an increase
in lawlessness.”

“There is no evidence that God exists; therefore he doesn't
exist” “No one has disproved that God exists; therefore he
must exist.”

Overestimating the probability of success

Beautiful woman in a product advertisement

“The NRA is militaristic, just like the Nazis.”

111. Common types of fallacies

Factor (weight) Machine A Machine B
Performance (5) 8 x (5) =40 3x(5) =15
Price (3) 2x(3)= 6 9x(3)=36
Delivery (2) 1x(2)= 2 8x(2)=16
Service (1) 2x(1)=_2 3x(1)=_3

Total 50 70

IV.Weighted-factors technique applied to hypothetical
machine purchase

Perhaps the most common and insidious pitfall is the
“Why me?” syndrome. One manifestation of this many-
headed monster is to explain why a defect appears on
one roll but not the next, on one machine but not its
neighbor, and so on. Determining why a particular roll
will have a defect is like trying to predict the time and
location of an earthquake. This is at least an order of mag-
nitude more difficult than determining that quakes occur
near faults or that any of the rolls could have experi-
enced that defect. Unfortunately, the “What’s different?”
version of the “Why me?”syndrome is the basis for one of
the most popular of the formal problem-solving tech-
niques.

FALLACIES
In order to make decisions, we must evaluate the applic-
ability and strength of data, observations, and the claims
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of others. This is especially important when systems are
complex and data appear to be contradictory, which is
often the case. Relevant data are worth more than data
that are too general, too specific, or are not directly con-
nected to our particular concern. Data carefully com-
piled and challenged are stronger than data that are anec-
dotal, hearsay, or conjecture.

After weighting the data for applicability and
strength, we can use the information as evidence to sup-
port or discount hypotheses of cause and effect. How-
ever, we must always guard against fallacies that are a
fault of reasoning. Perhaps the most well-known fallacy is
rationalizing one’s pet ideas. Rationalizing focuses on
supporting evidence while suppressing or ignoring con-
trary evidence. Depending on the source, there are
between 10 and 100 types of fallacies. Table Il names
and gives examples of some of the most common fallac-
ies encountered in industrial problem solving.

DECISION MAKING
After options have been listed, one or more must be
selected for implementation. In an ideal world, one could
select the options with the greatest economic advantage.
Examples of economic measures include ROI (return on
investment), payback period, or cost-benefit ratios. How-
ever, in the real world, the costs of an option are not usu-
ally known with precision. While the direct costs of
changing materials or machinery can be estimated



feelings. Even so, it should be possi-

ble to verbalize the reasoning behind
the decision in most cases. Informal

Vacuum rugs
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closely, options usually have indirect

costs that are not easily predicted. Task/Time 0 10 20 30 40 50 60
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reduce the incidence of one defect Clean kitchen counters |
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process change. Stated another way, Vacuum rugs |
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intentions and skills, we will fail to
make an improvement and perhaps  1.Gantt chart for housecleaning activities
even make the problem worse. How
then do we proceed in the presence
of such uncertainty?

Deciding on a course of action (Start HPick up H Clean counter H Wash floors ]_I
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In either case, good judgment is
required. Informal decisions are Floors d ("Wax floors e
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decision making is most often an
individual rather than a group effort.

The literature abounds with
methods and variations of formal
decision-making techniques. Exam-
ples suitable for groups of decision
makers include obtaining consensus (widely practiced in
the Japanese culture) and voting (the basis for democra-
tic government). The selection of a decision-making
method is often based on the culture of the company. It
is perhaps most important that the participants are com-
fortable with the method.

The “weighted factors” technique is one decision-
making method that is both common and suitable for
either individuals or groups. It begins by first screening
options against needs. Only options that satisfy hard
requirements are processed by the second stage, where
wants or desires are weighted by importance. Next, the
options are graded for each factor. Finally, the cells in the
matrix are computed and the results summed.

Table IV shows an abbreviated illustration of the
weighted-factors technique applied to a fictitious
machine purchase. Here, the factors in order of impor-
tance were performance, price, delivery, and service, as
shown by their weights of 1-5, with 5 being the most
important. Machine proposals from builders A and B
were judged on a scale of 1-10 against each of these fac-
tors. The outcome is that Machine B seems preferable

2. Critical-path chart for housecleaning activities

because of price and delivery advantages, even though
Machine A is clearly the superior performer and perfor-
mance was the most important attribute.

PROJECT PLANNING

Of the many formal planning tools, the Gantt chart and
the critical-path chart are the most common. The Gantt
chart, as shown by example in Fig. 1, gives the time lines
for various tasks and resources. On the other hand, the
critical-path chart is better suited to show the order and
relationship between tasks to identify bottlenecks in a
project, as shown in Fig. 2. Most software for planning is
able to generate either of these charts as well as other dis-
plays from the same data set.

SUMMARY
Problem-solving skills are as important as knowledge and
experience. Therefore, we should exercise our critical
thinking skills so that we become more proficient and
thus more valuable to our companies. To begin, we
should study the scores of problem-solving tools that are
available rather than focusing on the ones that we or our
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company are most accustomed to. We should try various
approaches to see if they yield the same conclusions. If
they do, we can proceed with greater confidence than if
we had applied only a single method of analysis or
obtained different remedies using other methods of analy-
sis. Finally, prudence suggests that we learn from our mis-
takes, as is inevitable in problem solving. Try to figure out
what went wrong with the analysis so that you can avoid
those pitfalls of problem solving in the future. TJ

Roisum is president of Finishing Technologies, Inc., 1305 Orchard Ct.,
Neenah,WI 54956.

LITERATURE CITED

1. Roisum, D. R., Converting Mag. 16(8): 38(1998).

2. Roisum, D. R, Converting Mag. 15(8): 64(1997).

3. Roisum, D. R., Converting Mag. 12(7): 22(1994) and 12(8): 24(1994).
4. Roisum, D. R., Converting Mag. 16(9): (1998).
5

. Roisum, D. R., TAPPI 1994 Finishing Conference Proceedings, TAPPI
PRESS, Atlanta, p. 89.

6. Smith, R. D,, Roll and Web Defect Terminology, TAPPI PRESS, Atlanta,
1995,

7. Roisum, D. R, Critical Thinking in Converting Course Notes, Finishing
Technologies, Neenah, WI, 1998.

O8 TAPPI JOURNAL OCTOBER 1998

BIBLIOGRAPHY: SELECTED WORKS IN CRITICAL
THINKING
1. Center for Critical Thinking, http://www.sonoma.edu/cthink.
2. Kepner-Tregoe, http://www.kepner-tregoe.com.

3. Bailey, R. L., Disciplined Creativity for Engineers, Ann Arbor Science
Publishers, Ann Arbor, MI, 1978.

4. Fabian, J.,, Creative Thinking and Problem Solving, Lewis Publishers,
Chelsea, MI, 1990.

5. Fogler, H. S. and LeBlanc, S. E., Strategies for Creative Problem Solv-
ing, Prentice Hall, Englewood Cliffs, NJ, 1995.

6. Geisler, N. L. and Brooks, R. M., Come, Let Us Reason, Baker Book
House, Grand Rapids, MI, 1996.

7. Halpern, D, Thought and Knowledge,An Introduction to Critical Think-
ing, Lawrence Erlbaum Associates, Hillsdale, NJ, 1989.

8. Jones, M. D,, The Thinkers Toolkit, Random House, New York, 1985.
9. Pirsig,R., Zen and the Art of Motorcycle Maintenance.

10. Watanabe Dauer, F, Critical Thinking—An Introduction to Reasoning,
Oxford University Press, London/New York, 1989.




