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Th e iteruti re JmHess of fo,.nrnlat-in!J ff mathe-
11/1/ tintl model, desiu11 of e.i")1erim w11t:; to test tha.t 
111odel, 1u1((/!f:;is of th e d(/t/1 fmm th e:;e ex11e'!'i-
111 e11ts , the use of th e e.r11e1--im ent({l ·J'esults to 
moclif!I th e 11111/()th esi.zecl model, 011d th e i11 CO'l'JJO­
rutio11 of the model h1 lal'.<}el' sustems is one '1chich 
is f1wd({me,,t({/ to (If/ b1·1rn('hes of enuineeriny. 
Althou,11/i this 111·0,·ess is U({Sil' to t he eny ineeriny 
1111((/!fsis of 11 rob lems (/ '/1 d des·iun Jll'O<·edul'e:;, the·J'e 
e.!' .;st f ell' rn11/'ses i11 ll'hfrh th e l'Omplete r·11cle i:s 
tl'e({ted. The difti<-lllt!! ll'ith t e({rhi11.<1 th e comJJlete 
/0011 l1 !f 11s11ul methods is th({t t1111fr((ll?J the bnck­
,lf/'01111d of the stnd ents is •J'elnti'cely dis1i((rate, 
th er eforn 011 c -is seldom ({h/e to t e({ ch to (/, hod!! 
of st11.dl'11ts with ·11.11-ifonn b({l'k.<11·0'/l'lldS. Nonethe­
less, 11·e f eel th({t sur·h (I r·o·111·se is im11ol'tant to 
e11yi11eel'i11,11 ,<;rncluates so 1/'e h({ ce ((ttem11ted to 
({J11n·o1u·h th e 1n·oblem usinu 'l"ideo tape. 

A si,1r 111"_fi('({·11t ((c/.r({11ta,11c i ·11 tl'eat?"nu thi s type 
of s11bjett, ll'h ere /)((r:k,(Jl'On11ds m((!J not all be th e 
s({m e, is o,tfered b JI rideo-t1111e a 11d rideo-tape 
r·r1 ssette r·((JHthilities . Th ese tools pel'm·it d'i,tfe-ren t 
st11de11ts to use di,tiel'c·11t 11o'l'tio11s of the S((m e 
1·0·11·l"se, rl'lld ({/so 11e·,-mit these students to 1n·O.<f'l'ess 
11t rrt-l'!fi'll.<J rntcs (I S the.!! so desire. W e attemJJted 
to de.,i,1111 a r·ou/'se ll'hich, fo ,- educati onal 
efjii-i1,11r·11, ll'e t ,-ied to fit to th e ueeds of both con­
ti1111i 11,11 ecl11rnt-io11 stndents mid full-time ::;tudents 
011 t he r·am}lns. rw d, in 11dditfon, cl'ecited the 
1·011.l'se i11 mod11.f({I' form so th({t it ro·11.ld be fo'llght 
,rs r11l'io11s sPl' ies of se.lf-1·011tni11ed rn·ini-eourses 
to st11de11t., ll'ho /l'<ll1ted onl!J a 1J01·t-ion of the 
orernll muterial. 

Th e 1·011 rse is nrnlti-JmtJJOSe basica ll·.11 in two 
dilfenrnt 11 ·11us. One, th e1·e ·is a combfrmtion of sub­
llllits ll'hil'h !'1111. be sel ect ed to accomplish th e 
l:'clw·atio11a l 0/1,ier-ti re of eath studen t , nnd t?vo, the 
1·0111·.-;e ((J1JJ/ies to a ratiet!f of eclucationaJ situ({ ­
tio11s. Th e rnriet11 of 11ath ('hofre:; 1uas nccom.plish­
er/ /J // clesirnrin.o th e cou:rse <ts n :;eries of self-co'11-
tf/'i 11 ed rll'i 11 i-r·o11.l'se., wh-irh 1·1111 hp asse,,n bled to 
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One is, in effect competing w ith a program like 

Sesame Street (with a 6 mill ion dol lar budget) in 

production and entertainment value while trying to 

present a much more sophisticated level of 

concepts to a much more cr itical and 

discriminating audience. 

f ol'rn (I m({ ;ri-cou ,-se in a rnriety of ll"((!JS, depend­
ing on the educati on bnck,<Jround of th e varticulci1· 
studen t rmd his par ticular ed'IU·nt·ion({l ob:iect1:ve. 
Th e 'l'<triety of eduwt?:orlll l situat,ions ll'hich th e 
r·ou,-se ,·an be aJ1JJlied w ·e : a) normal or self-paced 
das::;,-oorn use, b) rontinui11 ,1; education use, <) 
/1rnad1·ast TV to fw,-,<Jer seuments of the com­
murri t!f. An imJ)ortnnt but not primary purpose 
of thi :; 1·onrse is ({lso to furnish ci p-ilot effort 
toll'nrd a 'l"ideo co·rrespondence Maste,-'s degree 
Jrro,<Jram l!'hich 1could 11ennit n student at a '!'e­
mote loc({ti on to complete 'l'equirem en ts f o'I' a, 
Mast er's deuree by selertion of an appropri<lte 
series of n:deo 1·011.,-ses. The course consists of 43 
thirty-minute n:deo ta11es u·h foh a.1·e as sho wn i'11 
Tahle 1. 

Tahle 1-Course Content 

l 'nit Parts 
1 Introduction 
2 Curve Fitting I 

2--1 Nomography 
:J Statistical and Numerical Errors :J 
-I Differences and Lagrangian Met hods :J 
:; Least S<1uares :J 
6 Population Charal'leristin, 2 
7 l'rohability 2 

!) 

10 
11 
12 
1 :J 
1-1 
l;i 

16 
17 

Sample Charaderistit·s 
.\nalysis of Variance 
Regression 
Matrix Heg·ression 
Dimens ional A nal)•sis 
Model Building 
Time Series 
lnferent·e 
Fadorial Des igns 
Systems/ Net works 
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COURSE CONTENT 

THE COURSE IS ORGANIZED in 17 units. 
Each of these units has from two to four 

parts with the exception of Unit 1 which is a 
single part introduction. Each part r epresents a 
30-minute lecture. At Purdue the remaining part 
of a 50-minute period i: used for discussion. In 
each of the units about half of the material pre­
sented is actual examples taken from practice. 

UNIT l is the introduction and it sets the objective for 
the course, which is to interface theory and data. The use 
for the inte rface is to build models, plan experiments, 
J>rocess data , interpret data, and desig n data systems. 

UN IT 2 is concerned with curve fitting and nomog ra­
phy, to permit s ummarizing data so that it can be inter­
polated and extrapolated, to check theory, and for em­
pirical prediction of new data . The two 1>arts to the cun·e 
fitting problem are: First, to determine the form of curve. 
This is usually accomplis hed by plotting the data in various 
ways until a s traight line results . Second, to determine 
the paramete rs by fitting a straight line to t he rectified 
data us ing the method of selected J>oints, method of 
least squares. One of the parts of this unit discusses 
nomography, a graphical r e J>resentation of the function­
al relations hiJ> among Yariables . We g·ive a brief introduc­
tion to methods of cons tructing nomog raphs emphas izing 
addition, s ubtraction, multiplica t ion a nd divis ion. 

UN IT 3 is concerned with statistical and numerical 
e rrors. The object here is to identify a nd separate sta­
tistical error, those random errors t hat are associated with 
measurement; and systematic e rror, those that are not 
random errors ; and furthe r errors that res ult from 01ie­
ration on the data numerically. We end t he unit with a 
discussion of the meaning of accuracy and J>recision both 
in the s tatis tical sense and in t he sense of relating these 
conce1>ts directly to the numbers involved in e xperiments . 

UN IT 4 t reats differences and Lag rangian methods . 
One often has to interpolate between data 1ioints, es­
pecia lly when da ta is in tabular form, and it is a lso often 
necessary either to differentiate or integrate tabula ted 
data. We discuss the divided diffe rences, backward, for­
ward and central finite diffe rences. We end with a dis ­
cussion of Lag rangian methods s 1iecifically applied to 
numerical differentiation and numerical integration. 

In UN IT 5 the principle of least squares is cons idered 
in detail. Also we begin an early discussion of how least 
squares and linear reg ression are re lated, s ince we use 
linear regression to predict s tatistical behavior. The 
principle of least squares is usually used to fi t t he data 
in regression analys is. We g ive a discussion of t he use of 
least squares to identify important variables and con­
s ider the more complex J>ol ynomial least squares and 
nonlinear leas t s quares. 

In UNIT 6 population characteristics are discussed s o 
that we can use s tatistical models of the various dis tribu­
tion functions to describe sample s paces. We discuss some 
of the s imple distributions-the uniform distribu t ion, t he 
normal dis tribution-and the meaning of 1 hese dis tribu­
tions in a probability sense. 

UN IT 7 is more detailed discussion of 1irobability and 
investigates the meaning of experiments , outcomes , sample 
s 1rnces and elements of sam1>le s paces, and how these 
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nirious conce pts a re utilized in proba bili ty formulation.· . 
.-\ s hort discussion of J>robabili ty in terms of log-ic a nd 
Venn diag-·rams is included. Marginal and conditiona l 
1>robabilities a nd the Bayes theorem are also disc ussed. 

In UN IT 8 we discuss sample characteristics. con­
centrating- on utiliz in g-· t he normal distribution from a 
designed e x1>eriment. look at the probabili ty meanin g- of 
dis tribut ion functions in terms of t he normalization of 
these distribution functions and t he rela tions hip t o 
proba bility. We discuss the use of various kinds of tabu­
la ted probability dis tribut ion functions a nd the d istr ibu­
tion of sam1>le characteristics. The unit ends with a d is ­
cussion of confidence intervals and a 1>reli mina ry t r ea t ­
ment of hy 1iot hesis testin g-· and ty pe I and ty1>e 11 e rrors. 
These last to1>ics are re1ieated in more de1>th in Un it 15. 

In UN IT !J we begin our discussion of expe rim ental de­
s ig-·n b)' introducing the anal ysis of va riance t.echniq ue­
dissecting- total varia tion in s uch a way that various kinds 
of experimental effects are e limina ted. The a na lysis of 
Ya ria nce allows us t o show how ex 1>e riments may be de-
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Professors Greenkorn (left) and Kessler (right) on the set for ·~lming 

a unit of their multi-purpose video :a pe. 

signed so that we can g·et the most information from the 
data. We discuss the one-wa y class ification and two-wa y 
classification (and randomized complete block designs) . 
The linear models associated with these kinds of des igns 
are disc ussed as are t he s hor t-c ut methods of calculating 
the analysis of ,·a ria nce ta ble . 

R EGRESSION IS DISC SSE D in UN IT 10 based on 
t he units on least squares a nd a nalysis of va ria nce. 

A nalysis of variance is used to in te rpret t he meaning of 
regression coefficients in the nuious kinds of regression 
models . The "extra s um of sr1ua res" 1>rinciple is introduced 
and methods for analyzing t he meaning of the various re­
g-ress ion coefficients in mode ls t hat have more t han one 
inde 1>enden t va ria hie ;i re cons idered. 

In U N IT 11 reg-ression ana lysis is viewed from t he 
s tand1>oint of matrix mani1H1lations. There is a s hort r e­
view of linea r a lg-ebra and matrix theory and then the 
matrix a1>proach to reg ression is discussed with use of 
the Doolittle met hod for determining· reg-ression co­
efficients . 

In UNIT 12 we enter a disc ussion of di mens ional 
enalysis, a systematic way in which t he number of 
nuiables req uired to describe a g-iven ex 1>e rimenta l s itua­
tion is reduced, s ince normal model building· uses dimen­
s ionless form s. We a lso investig-ate the re la tions hi1> be­
tween dimensional analysis and t he diffe rential eq uations 
which a re the models for various ex periments . 

:Vlodel building- is considered in UN IT 13 in a philo­
sophical sense a nd we try to answer t he ques tions: \Vhat 
is a m odel ? How does it relate to the rea l world? How 
do we build models? Ma thematica l and phys ical analogs 
are discussed. E xample models are form ulated throug·h 
use of an entit y balance. 

In UN IT 1-1 we treat tim e-dependent stoc hastic process­
es, t ha t is, processes where the para meters of t he J>roba­
bili ty density and dis trihut ion functions a re t ime-de1>en­
dent. Much of what we do in eng·inee rin g is ti me-depen­
den t and we cannot ig nore t his ti me-dependence. Ways 
and means of im·estigating the statis tical pro1>e rties of 
systems that do depend on tim e are considered. The 
e r god ic assumption is a lso d isc ussed. 
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T HE PROBLEM OF INFERENCE and t he estimating 
of 1>01H1lat ion para mete rs from experiments in a 

detailed manner is discussed in UNIT 15. The meaning 
of inference is investigated in terms of t he various kinds 
of distribution functions. The meaning· of hy1>ot.hesis tes t­
ing- and · multi1>le-hypot hesis t es ting are discussed a nd 
the 01>e ra t ing characteris tic curve for various kinds of 
hy pothesis test s is introduced. 

In UNIT 16 we cons ide r factorials which a re 1>0sed as 
ex 1>e rim ental desig-ns--randomized block and Latin s r1uare. 
The meaning of fa ctors in ex perim ents is a nalyzed us ing· 
the linear hy pothesis and is based on the discussion of 
inference and hy pothesis testing in the previous uni t. We 
cons ider multi-factor experiments and how one confounds 
data in a fac torial ex1>eriment. The use of aliases in de­
s igning fractional factorial ex 1>e rim ents is also discussed. 

In UN IT 17 we look at the total data acquis ition a nd 
analys is system. Net work models and !{ra1>h theor y a re 
disc ussed. Information flo w a s related to e xecut ive 1>ro­
g-ramming is also cons ide red. 

USE OF COURSE 

w E PRESENTLY TEACH the course in its en-
t irety over the Purdue closed-circuit video 

facilities. As can be seen from the network dia­
gram, a number of ways to trace out either t he 
total course or selected sub-set s are available. 
Typical mini-courses migh t be Units 9, 10, a nd 
11 in Regression or Units 9 and 16 in Experi­
mental Design. Most of t he individual Units also 
stand alone without reference to other units. 

In t he future we hope to incorporate all seg­
ments of this course on video cassettes which 
can be played over monitors equipped so t hat the 
tape may be stopped without erasing the picture 
from t he screen. This will permit m uch greater 
economy in presenting graphical material, in that 
the student can simply stop the monitor and hoicl 
t he picture on t he scr een rather t han wasting 
several minutes of tape for a static display. 

DIFFERENCES FROM CONVENTIONAL COURSES 

rr IS INTERESTING to observe the reactions 
of students when viewing a course on wh.at 

looks like a conventional television set. They react 
to the course much as one observes groups of 
people reacting to t elevision programming in 

In the fu ture we hope to incorporate 

al l segments of the course in video 

cassettes w hich can be p layed over monitors 

equipped so th at the tape may be stopped 

without e rasing t he pictu re. 
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their home-that is, there is far less reluctance 
to create a disturbance, much as one will carry 
on a conversation in one's own living room while 
t he TV set is on. There also is a much greater 
need for entertainment value to hold the student's 
attention than in an ordinary class room lecture, 
because the students, seeing the mater ial on t he 
televis ion set, expect a far more professional de­
gree of treatment than is true in t he ordina ry 
lecture. One is, in effect, competing with a pro­
gram like Sesame Street (with a six million dollar 
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FIGURE 1. Network Diagram 

budget) in production and entertainment value, 
while at the same time attempting to present a 
much more sophisticated level of concepts to a 
much more critical and discriminating a udience. 

It is also interesting that the students do not 
perceive the pace at wh ich the course is going. 
At times they fee l that the material is coming 
quite slowly when, in fact, because of the compact­
ness of the presentation, material is being pre­
sented at a far greater rate than was ever 
possible in an ordinary classroom lecture. Stu­
dents are also far more critical of mistakes that 
appear on a television tape than mistakes t hat 
appear in an ordinary classroom lecture. (The 
preparers of the tape, of course, should also be 
extremely critica l of such mistakes beca use these 
mistakes will be perpetuated from _year to year.) 

It is interesting t hat the television tape 
prompts a far greater need on the student's part 
to be supplied with All the material than does an 
ordinary classroom lecture- students appear to 
feel that since a course is taught on TV there 
. hould be no need to consult outside references. 
Again, thi seems to be a psychological set in­
duced by com mercial TV viewing. In t he future 
we may attempt to r emedy this by calling for 
more response from the class during t he television 
taping via short questions, etc, Thi , perhaps, is 
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one of the strongest reasons why te levision tapes 
must be entertaining-the student cannot parti­
pate by talking back to a television screen in the 
same way t ha t a good lecturer can stop and ask 
questions at a pertinent point in the presentat ion , 
and listen to feedback from students. At present 
there is no practical possibility of branching or 
changing pace in a television presentation as there 
is in the ordinary classroom lecture. We hope 
to circumvent this diffic ulty to some extent by 
keeping individual presentations short and thus 
permitting the student to select among a variety 
of short presentation so that if t he pace becomes 
too slow or too fast he can alter the pace to sui t 
himself . In the future we also hope to tape a 
greater variety of example problems so that the 
student can go directly to an exa mple problem if 
he has difficulty with the t heoretical concept which 
has been presented on t he tape. 

In taping the course we used a producer/ director and 
three came ramen, with v is ual material on rear-projection 
s lides and new s 1>rint. The set is s hown in the photo. One 
of the major difficulties is the pre1rnration of visual ma­
terial (about 1000 item s for this course). We hope to do 
some work soon on auto mating much of this with t he 
comp uter. Our curren t 1>roduction costs (exclus ive of 
authors) is about $300 per U nit. D 

TO DEPARTMENT CHAIRMEN: 

The staff of CHEMICAL ENGINEERING EDUCA­

TION wishes ·•io •ihank •ihe 72 departments whose 

advertisements appear' in -this sixth graduate issue. 
We also appreciat·e the 'excellent response you gave 

to our request for . names of prospective authors. We 

regret that, because of space limitations, we were not 
able to include some outstanding papers and •ihat 
certain areas are not represented. In part our selection 

of papers was based on a desire to complement •ihis 

issue with those - of the previous years . As indicated 
in our letter we are sending automatically 'io each 
department for distribution- · to seniors interested in 
graduate school at least sufficient free copies of •ihis 
issue for 20% of the number of bachelor's degrees re­
ported in "ChE Faculties." Because there was a large 
response to our offer in that letter 'lo supply copies 
above this basic allocation, we were not able to folly 
honor' all such requests. However, if you have definite 
need for more copies than you received, we may be 
able to furni5h these if you write us. We also still have 
some copies of previous Fall issues available . 

We would like 'io •ihank •ihe departments not only 
for ·their support of CEE ·lhrough advertising, but also 
through bulk subscriptions. We hope 'that you will be 
able •io co·ntinue or increase your support next year. 

Ray Fahien Editor 
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