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"When planning for a year, plant corn.

When planning for a decade, plant trees.

When planning for life, train and educate people.”

— Chinese proverb

"I hear and | forget, | see and | remember, | do and | understand”
Confucius 450bc

Introduction

There is no doubt that the most effective way to educate people is playing with them.
There are many different games that were coined for teaching various strata of
people to numerous number of statistical methods and procedures, see for example
[1-3]. Among all of them the Red Bead Game (RBG) or the Red Bead Experiment
(RBE) [4-7] and its derivatives [8-12] are probably most famous and widespread. In
fact Dr. Deming used this game during his four-day seminars [4-6] for teaching the
participants the main elements of his System of Profound Knowledge (SoPK) which
consists of four components [5]:

Appreciation for a system

Knowledge about variation

Theory of knowledge

Psychology.

"The various segments of the system of profound knowledge can not be separated.
They interact with each other" [5] and the knowledge of any one component is
incomplete without others. That is why the game for teaching the SoPK should
include all different facets of this notion. And the RBG possesses this ability.
Speaking more simply Dr. Deming taught the listeners not the tools but an attitude
and not crunching numbers but thinking before any calculations. This goes in line
with the ideas of another statistical giant - John Tukey — who explained his notion of
Exploratory Data Analysis (EDA) as follows (http://en.wikipedia.org/wiki/John_Tukey):

"If we need a short suggestion of what exploratory data analysis is, | would suggest
that

1. Itis an attitude AND
2. A flexibility AND
3. Some graph paper (or transparencies, or both).

No catalogue of techniques can convey a willingness to look for what can be seen,
whether or not anticipated. Yet this is at the heart of exploratory data analysis. The
graph paper - and transparencies - are there, not as a technique, but rather as
recognition that the picture-examining eye is the best finder we have of the wholly
unanticipated.”


http://en.wikipedia.org/wiki/John_Tukey

And we think that the RBG let us teach the students both elements of the SoPK in a
Deming's sense as well as elements of EDA in a Tukey's sense. That's why we
consider that using the RBG for teaching students is so important.

1. The traditional RBG.

The traditional RBG is widely known as the experiment in which a "corporation” is
formed from "willing workers", quality control personnel, a data recorder, and a
foreman. The corporation's product are white beads, which are produced by dipping
a paddle into a box of beads. Each paddle forms a batch from the production line.
The paddle has 50 holes in it, and each hole will hold only one bead. Unfortunately,
there are not only white beads in the box, but some amount of red beads —
“defects”...The "willing workers" extract batches sequentially, inspector counts the
number of defects, and a foreman demonstrates all flaws of the current style of
traditional management by objectives: he praises for batches containing less
"defects” than a pre-established number of red beads and blames and shames
someone for exceeding that number and so on. The meaninglessness of such style
of management is pretty clear due to simplicity of the RBG and from the evident fact
that process' outcomes depend only on the system (the box's contents) do not
depend on the efforts of "willing workers". And just this was the main goal of Dr.
Deming. He was not focused on statistical tools themselves but on an understanding
of Shewhart control chart as a tool for system analysis by using the basics of the
theory of variability and psychology. As a result the Traditional RBG allows to
demonstrate that

- If the process is stable the system defines its outcomes and the process still has a
lot of variations;

- Variations between batches and workers are caused by system and not by workers
themselves;

- Anybody’s results today are useless for prediction tomorrow’s results;

- Ranking, pleading with workers, making performance appraisals, setting goals, etc.
has no sense and only demoralizes “willing workers”;

- Mechanical sampling is not the same as random sampling.

Besides The Traditional RBG let the participants to become acquainted with
Shewhart Control Chart of pn-type and even to learn how the chart limits may be
calculated from their own data. Fig.1 shows a typical example of such a chart.
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2. What changes have we made in our version of the RBG?

After many years of playing the RBG we came to conclusion that this is an
irreplaceable tool for teaching students both statistical thinking and EDA. But to this

end we have introduced some changes and additions into the game. Here they are.

1. After playing “first week” traditionally with four "willing workers" we stop returning
red beads into the box and put them into a different box (i.e. we refuse from sampling

with replacement and continue playing without replacement);

2. We introduce one more inspector named time-keeper who records the times of
each batch preparation (= paddle extraction) for all workers (i.e. we get from our

game not only data for counts but variable data as well).

Typical results for a number of red beads are shown in fig.2:
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Typical results for sample extraction data (in seconds) are shown in fig.3:
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The marked line in fig.2 shows the goal: the number of red beads within each batch
should not be more than five (this is our choice for the goal which let us usually have
2-4 lucky students who get their reward). We also use monetary and sweet rewards
for increasing the fun while playing.

Thus we have two sets of data:

* 40 points of qualitative data (the number of red beads for each sample of 50 beads
in a paddle);

* 40 points of quantitative data (the seconds for extracting each sample from a box).
What can we extract from these data in addition to all mentioned in 1.?

3. Additional information that follows from our version of the RBG?

First of all it is worth noting that we use all points listed in 1. to explain students the
basics of the SoPK: system approach to the variability of any process with the
simultaneous attention to human psychology. Then we start teaching how to create
and analyze the pn-chart. Here due to peculiarities of our data we can explain
students the importance of reasonable choice of data used for control chart limits
calculations. In fact all second week we permanently intervene into our system
because the percentage of red beads inside the box is changing after each paddle
drawing. So it is unreasonable to use the data from the second week for limit
calculations: we need control limits in order to find out the limits of variation for a
stable process when nothing intervenes into the process and we know that we do
intervene... Besides we explain that reasonable use of the power of Shewhart
Control Charts is based on the two phase procedure:

- in phase one — retrospective — we are trying to understand the process and assess
its stability; and

- in phase two — prospective or monitoring — we are interested to predict future state
of the process or monitor its behavior.

Different behavior of our system during the first and second weeks let students to
grasp the importance of phase one and two for estimating the control limits.

Having taught students to calculate the limits for pn-chart we transfer to our time data
which we use for constructing x-mR chart. Here we first of all return to the problem of
the phase | and discuss whether we can use all data for estimating the limits or we
should take only the first week data again. Usually most of the students quickly
understand that this time the situation is quite different because from the viewpoint of
operation procedure of time measuring both weeks are totally identical*. Then we
explain how to create a x-mR chart and ask our students to look at our data more
attentively. One can see obvious abnormalities in fig.3 — at some points the durability
of operation was much more than at other points shown.

Why is this?

As a rule many students quickly remember that these were the points when our
“willing worker” could not draw the wholly filled paddle and several holes remained
empty. In this case “the willing worker” should (by the rules of the game) turn the
paddle over and make the second, and sometimes the third attempt. But this means
that the worker had made not one batch of the product but two or even three. And
everybody knows that production of two batches will require twice as much time as
for one batch, production of three batches — thrice as much time and so on. In other
words these data are not homogenous and this is very important element of
Shewhart control chart construction: analysis for homogeneity should precede any

! We'd like to note in passing that such a discussion of the same question but with different data sets is a tacit
embodiment of the cycle of knowledge



calculations [13]. This let us explain students the necessity for understanding data
before any crunching the numbers by formulas — it is useless to estimate the control
limits by using all data as they describe different processes (drawing one or two or
three ... batches out of the process).

Thus by this moment we taught the students how to construct charts for count data
(pn-chart and p-chart) and charts for measurements (x-mR chart and X —Rcharts).
What else can we learn from our data?

4. Teaching the students the basics of Exploratory Data Analysis (EDA)

First we ask our students to plot a histogram for the data of red beads.

Usually students have problems with discrete data even if they are able to plot a
histogram for continuous data. After this we ask them to plot a binomial then Poisson
and then Gauss distribution on their histogram. Here they must be able to find out the
parameters of bin- and poi- models from their RBG data and to transfer them into
parameters of normal distribution (by two ways). This is a very important moment
because before mechanical substitution into formulas a bit of thinking is required:
what are the x and p and n in this or that formula and where can | take these values
from?

An example of picture we want to see at the screens of our students computers is
shown in fig.4.
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Then we take time data and teach the students to construct stem-and-leaf plot: first
unordered and then arranged in ascending (e.g.) order. Simultaneously they are
being acquainted with median and quartiles which are necessary for box-and-whisker
plot and are learning to find out these values by hand and by using "quartile" function
in Excel. Students make their handy calculations on a special paper form we prepare
for them beforehand (see fig.5).

Then quite naturally we teach students how to construct a box plot. To this end we
divide class into four groups (in accordance with our number of "willing workers") and
they use data for each “willing worker” (ten points for each operator) for constructing
the box plot and comparing the worker’s work. Here we explain the main advantages
of box-and-whisker plot for comparing different samples, for revealing outliers and for



working with limited number of data. And again we ask students to plot the boxes by
hand and by using Excel (see fig.6).
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(The horizontal axis in fig.6 presents student's names written in Russian. Two names
for one box mean that one "willing worker" was fired for "bad performance" and a
new worker continued playing).
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What else can we learn from our data?

Further we use the time data for teaching students how to construct the probability
plot for different types of distribution (gau, Igau and wei) by using probability paper
and how to interpret the graph obtained. A typical graph of one of our recent games
is shown in fig.7. Again they must be able to do this by hand and by using Excel?.

A histogram for time data
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Normal plot on probability paper for time data
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Some of the following items are optional — it depends on the level of our students and
time for SPC course (usually this is 17 two-hours lectures and 34 two-hours practices
during one term).

So when it is possible we explain our students the difference between different ways
to estimate the standard deviation. For example for the data shown above one can
obtain:

Sigma (,.1)=6,24 sec

Sigma (rid2)=5,92 sec

This 5%-difference may turn out to be important for the values of control limits...i.e.
for the definition of whether the process is stable or not.

Sometimes we discuss the capability indices and how to use them rightly. To do this
we take our time data and establish some value of time for operation of drawing the
beads (ten seconds for example).

By taking each day data as a rational subgroup it is possible to plot an average and
range charts and discuss the problems of this chart plotting and interpretation.

At last we almost always teach our students to construct Cusum chart and discuss its
interpretation. An example of such a chart is shown in fig.8.

2 In fact students of our institute are being taught to work with StatGraphics package but we intentionally avoid
using specialized packages at a tyro stage. Sometimes we suggest advanced students to plot all above-mentioned
in any statistical software.



Shewhart and cusum chart with a key

10 | - /\\/M /\\f
0 rm1rr1rr1 17 17 17T 17 T 17T T 17T 17T 1T T TTT T T T Tgl T T T T T T T T TT1
401 357 9111 7 19 21 23 25 27 29 34_33 35 37 39
K Target=10

-20

-—a
Target=11
-30
-40 Target=12
-50

Besides we have two or three classes in one course (one term) — so it is possible to
make comparisons between different batches

5. What are the main advantages of this approach ?

1. The students themselves generate the data which they completely understand, so
that they can explain different nuances of these data and how these nuances can
influence the results of data treatment.

2. The students study the basics of the SoPK and try to apply the elements of this
system to the data they generated.

3. The students learn to work with one set of data by using many different tools and
methods — this is very important for drawing useful information out of data...and for
growth of their knowledge.

4. The RBG (RBE) is a very simple but interactive game — this creates quite positive
atmosphere at the course from its very beginning...Many our students who have
graduated from the institute several years ago remember the RBG very well.

Conclusion

In Wikipedia the article about EDA starts as follows: "In statistics, exploratory data
analysis (EDA)is an approach to analyzing data setsto summarize their main
characteristics, often with visual methods. A statistical model can be used or not, but
primarily EDA is for seeing what the data can tell us beyond the formal modeling or
hypothesis testing task" - http://en.wikipedia.org/wiki/Exploratory Data Analysis

We think that our version of teaching students by using the RBG deserves being
widely spread as a way for teaching "... seeing what data can tell us" and
simultaneously a way to spread the basics of statistical thinking among the students
of practically all specialties.

Fig.8



http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Data_analysis
http://en.wikipedia.org/wiki/Data_set
http://en.wikipedia.org/wiki/Statistical_model
http://en.wikipedia.org/wiki/Exploratory_Data_Analysis
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