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NON-LINEAR ESTTh1ATION BY MODIFIED GAUSS-NEWTON METHOD 

I. INTRODUCTION 

This paper presents the modified Gauss-Newton method for the fitting 
of non-linear regression functions by least squares as described by Hartley 
(1). In Section II, a mathematical discussionis presented and in Section 
III the computer work is described. 

Frequently, experimenters are faced with determining a functional 
relation betw'een a response (dependent variable) and a nwnber of inputs 
(independent variables) with the help of empirical data. Usually the 
mathematical form is assumed to be known and the coefficients of the inputs 
(unknown parameters) must be estimated. 

II. MATHEMATICAL DISCUSSION 

Before discussing non-linear regression, it is appropriate to make 
a few' comments on linear regression. 

A. Linear Regression 

If the parameters in the mathematical model are linearly related, 
the least squares estimates are obtained by direct solution of simultaneous 
equations. 

1. Simple Linear Regression 

An example is as follows: 

(1 ) Yi = a + bXi + ei 

Where Yf is the measured response to a measured input, Xi 

a and b are parameters to be estimated 

ei is the error or lack of fit 

i is the observation number 

!east squares estim~tes are defined such that }:ei2 is a minimum. Frem 
here on, let Q = 1:ei • To find the least squares estimates, set ~ = 0 

aa 
and ~ = 0 This ~ds the following equations which are solved 

.lb • 
simultaneously for a and b. 
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(2 ) Na + b EXi = LYi 
a L:xt . +.,b»~i2 = LxtYi 

Where N is the number of observations and r 's are summations fran 
I to N. (Note linearity in a and b). 

2. Multiple Linear Regression 

An example is as follows 

Yi = a + bXi + cXi 2 + ei 

Where a, b, and c are parameters to be estimated 

While this model is non-linear in Xi, it is still linear in the para-
meters (a, b, and c). Setting a Q _ 0 ~ Q __ 0 and a Q = 0, 

~a -, ab ' lJ c 

yields the following set of simultaneous equations Which are linear in a, 
b, and c. 

(4 ) 

B. 

When the parameters are not linearly related, we are faced with 
non-linear estimation for which we have no direct solution. Hartley's 
article uses the following model as an example. 

. RX 
(5) Y = f (x; L, B, K) = L + Be 

Yi = L + B exp (~) + ei 

Where Yi is the measured response to the input (Xi) for the i th 
observation 

L, B, and K are parameters to be estimated 

and ei is tne error or lack of fit for the i th observation 

To illustrate the difficulty with this fUnction, set ~~ = 0 and 

examine this result 

(6) 

Where y is the observed value, f is the function, and fl is the ~f 
t)L 
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Substitute L + B' exp (KXf) for f,and 1 for fl in (6). This yields 

(7) 21::[Yi (L + Bexp (Kxi) )] [ -1 ] = 0 

which may be rewritten as 

NL - B r exp (Kxi ) = 0 

In ) exp (Kxi), K is "locked"inside of the summation and even the 
usual tectniques for solution of simultaneous non-linear equations are not 
applicable. 

Since no direct solution is possible, we are forced to revert to the 
approximation process which is described next. 

c. Non-Linear Iteration Technique 

This non-linear estimation technique uses the Ne~on-Raphson 
method (Reference 2, Page 463) for defining a correction to apply to the 
parameter estimates from the previous iteration. The Newton-Raphson Method 
use a Taylor Series approximation. Values for these corrections are solved 
for in the Gaus& ·~~wton equations. Hartley's modification guarantees that 
once the iterations begin to converge the process will not diverge at a 
later time. For the process to converge, starting values for the parameters 
must be "clo!.e If to the "true" values due to the Taylor Series approximation. 

D. sample Problem and Solution 

1. The Problem 

FrOOl the data presented in the followin~ table determine 
least squares estimates of L, B, and K in equation (5). 

OBSERVATION 
NtMBER x ~ 

1 -5 127 
2 -3 151 
3 -1 379 
4 1 421 
5 3 460 

,6 5 426 

Trial values 

La = 580 
Bo = -180 
Ko = -.160 
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2. The Solution 

Values of corrections (Dl, :02, D3) to these trial values 
are obtained by solution of the following simultaneous equations. 

(8) Dl I:(fl)~ + D2 L (fl f 2 )0 + D3 I:(flf3)0 = 1': (y-f)o (fl)o 

~ I:(flf2)0 + ~ L(f2)~ + D3 r(f2f 3)0 = L(y-f)o (f2 )0 

Dl L(flf3)0 + D2 L (f2f 3)0 + D3 r(f3)~ = L(y-f)o (f3)0 

where 
fl = a f = 1 

aL 
f2 = of =eK:x. 

c3B 
f3 = .2..!.. = Bxe Kx oK 
y-f = observed y minus predicted y 

( )0 refers to evaluation using L = La 

B = Bo and K = Ko 

L - Summation over all observations 

Solve for v (min) in the following equation (parabolic fit) 

(9) v (min) = 1/2 + 1/4 ( Q(O) - Q (1» / (Q (1) - 2Q (1/2) + Q (0) ) 

where 
Q = L (y_f)2 = [ei2 

Q (0) = Q with L = 10, B = Bo and K = Ko 

Q (1/2) = Q with L = La + 1/2 Dl 

B = Bo + 1/2 D2 

K = Ko + 1/2 D3 

Q (1) = Q with L = La + Dl 

B = Bo + D2 

K = Ko + D3 

Then the inital values for the next iteration are 
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(10) LJ. =Lo + VDl 

B:t = Bo + vD2 

Kl = Ko + vD3 

If the process is converging, the value of Q using LJ. ~ and KJ, will 
be less than the value of Q using La, Bo, and Ko. If not~ try v = 1/2 v(m1n.) 
If the process still diverges, try new trial values of L,- B, and K. If the 
process converges, the iterations are continued until l1Q is less than 
s orne small arbitrary value ( € ) 

(11) Where D. Q = ..;;.IQk~~-oiQ.k~+~l __ 

Qk+l 
(k denotes the iteration number) 

If e is too small, then Dl D2 and D3 approach zero wbich might 
cause divergence due to computer accnracy. 

The computer print-out of the solution is shown in Parts C and D of the 
Appendix. In this solution, € was set at .0001. The standard error (stder) 
equals the square root of Q/(M-N). 

The computer details are presented in the next section. 
E. other Examples 

technique. 

where 

'Where 

The following two equations are examples of our work with this 

Interior Ballistics (LeDuc equation) 

v = au(w+c)d 
. b+u 

v = Muzzle velocity 

u = barrel length 

w = propellant charge weight 

and a, b, c, and d are unknown parameters 
to be estimated 

Solid State Burning Rate Equation 

u = pll (a +b In p) 
c+d In P 

u = burning rat e 

P = Pressure 

n, a, b, c, and d are chemical and physical 
parameters to be estimated. 
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III. DEFINTIION OF COMPUTER PROGRAM AND OPERATIONAL INSTRUCTIONS 

A. General 

This is a one-pass program, written in PDQ Fortran with fixed format 
subroutines. The program was compiled on an IBM 1620 (20K) computer with auto­
matic divide. The input is on cards and the output is on the typewriter. The 
general flow diagram, Fortran source statements, and sample printout are con­
tained in the Appendix. 

B. Program Limita.tions 

1. The general form of the dimension statement is as follows: 

Dimension A(N+2),(N+l)),PD(N),C(N),D(N),CNST(N),Q(5),Y(M),Tl(M),---TK(M) 
Tne only limitation to this dimension statement is given by the equat'lon 

N2 -f- 7N+ K(M-t-l) < 473 

where N • number of parameters 
M • number of observations 
K = number of independent variables and 
N( M 

C. Source Statement Changes: Once the problem is defined; make the follow­
ing changes to the source statements when necessary: 

1. Dimension .tatement: The dimension statement must be ~hanged to 
reflect 

(N) the number of parameters 
(M) the number o! observations and 
(K) the number of independent variables 

88 dictated by the problem at hand. 

2. Read statement: The changes made for reading the dependent and. 
independent variables is 8 function of the number of independent variables. These 
changes should be made 80 that Y(M) is the dependent variable and Tl{M)---Tk(M) 
are 18beled a8 the independent variables. 

For example: Read S, TI{I), ------, TI(I), Y(l) 

3. Procedure 1: The changes made here are used in solving for Q and 
the partial deri'Y8tives in procedure 2. The last statement in procedure 1 should 
be DIn' • Y(K) -U, where U is equal to Y(I) calculated. Make the changes so the 
munber ot arithmetic operations are at a minimwn. 

h. Procedure 2: This procedure evaluates the partial deri vati we, 
PD(l) through m(N) where R is the number of parameters. 

D. Input Data Preparation 

1. Punch source statement changes 

2. Punch data as follows: 

a. Header Card (punched in Floating Point) 
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Identification 

Number of observations 
Number of parameters 

€ (small arbitrary value) which 
determines termination of iteration 

b. Observations (punched with decimal) 

1 ... 10 
11 ... 20 

21:-30 

Card 1 - M (where M is the nwnber of observations)' punch 
the independent and dependent variables in colwnns 1-10, 11-'20, 21-)), etc., 
depending on the number of independent variables. Make sure the dependent 
variables is punched so that it will be labeled as Y(I), and the, independent 
variables are labeled as n(I), TK(I), etc. The order is defined in the Read 
statement. 

3. Parameters 

The parameters (starting values) are punched once per card. THey 
can be in F format, Col. 1-10, with decimal, or in E format (~ .xxxxxxxXE:xx) 
in cols. 1-14. 

E. Computer Operator Instruction 

1. Insert new source statements in program. 

2. Compile program using PDQ Fortran Processor. 

3. To execute object program: 

a • Clea r ma chine 

b. Load program and PDQ Fortran Fixed format sub'rdutines 

c. When computer types Load data 

d. Set Switch 1 f.or printout desired 

1 off .to print Q for each iteration 
1 on to get full printout 

f. When computer comes to manual light., pusb start key if error 
check is desired, otherwise you're finished. 
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F • Example Problem 

aU - PD(l) - 1 
aCl 

au - PD(2) - e C)T 
ac2 

au :z PD(3) :. C2TeC3T 
aC3 

1 dependent and 1 independent variable 

DIMElf3ION STATEMENT: 

DIMENSION A(5,4), PO(3), C(3}, D(3), CNST(3), Q(5), Y(6), T(6} 

READ STATEMENT: 
Read 5, T(I), Y(I) 

PROCEDURE 1: 
Xl-C( 3) * T(K) 
X2-EXP(Xl) 
X3-C(1)+C{2)* X2 
U m X3 

PROCEDURE 2: 
PD(l) - 1. 
PD(2) - X2 
PD(3) - C(2)*T(K)* X2 
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CH~NGE 

CARDS 
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SOURCE DECK 
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COMPILE 
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IN P])Q 

NEW 
OBJECT ])ECK 
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SU8ROUTINe$' ( 'FllCE.D FORMAT) 
~EAO!,~ CAR.D, 0 $£'lVATION.$ 
AND OruGIN"", ETIMAT~" 

10 
CALCULATE 

M M 
!. Y.;. J 1. t.I .2-
1 1 .,"" 

LMW:: i 

12 
CALCULATE 

11 

Q ... MN(O} , '«"E~E LMN ~""e NO. of ITERATIONS) 

~----~ EVALUATE 

YES 

PAR1'"IAL$ 

13 
CALCULATE. 

CAANG&S(j).z,~: ., .. 
TOPR1VIOU$ 
IiSTIMATE 

1B 

PRINT 
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NOTE: 

20 

PR,'NT 

22 

CALCULATE 

QlMH ex.) 
23 

CALCULATE 

QLMNa) 

24 
CALCULA1'E 

Q(O),Q(t),Q(l) should be 
subscripted as in boxes 12, 
22 and 23. "-=)i ... ~ ~Q~)- Q(1)V(Q(1)-2(Q(~" Q(o)~ 

v~, :..,: 1,1114 

CALCUL"TIf 
qLMN(O) 

USING- CAt ... ",fih ... -'1." AS ... '" 
U1"""AT£S 

PRINT 
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PRINT 

31 

STOP 

32 

PRINT 

STOP 
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ABSTRAC.T 

An online digital clock,althoughavailable for most large ,computers, 
has not been readily available for the IBM 1620. It is the belief of the 
author s that a 1620 with extended memory and disk storage is lar ge enough 
to justify the development and use of an onli:n"e digital clock in an automatic 
logging and program timing s'Ystem.· This paper describes the AUTOLOG­
DIGIKLOK System currently in use at the Freas-Rooke Computing Center, 
Bucknell University. 

The paper is presented in two parts. The first deals with the design 
and construction of the digital clock, the hardware of the system; while the 
second describes the program modification to Monitor I, the software of the 
system. 

Part one reviews the possibilities considered by FRCC to obtain a 
digital clock and the device eventually built at Bucknell. The two majqr 
components of the clock, the timing section and the gating-interface section 
are described at the block diagram level, together with a cursory descrip­
tion of their construe tion. 

Part two of the paper describes the software modifications and addi­
tions to the Monitor I system. The main software modification incorporates 
the clock into a system which generates a complete chronological record of 
computer use. The revised software as well as the actual operating systems 
are treated in detail. 

The possibilities for using the AUTOLQG software without an online 
clock are discussed. 
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I. INTRODUCTION 

A digital clock is a device that counts time in the form of trlumerical 
digits rather than as positions of hands on a dial. When the se d~gits are 
represented electronically, the clock can be connected to an ele4tronic digi­
tal computer as an online real time input device. A reading of the actual 
time may then be obtained by the programmer by instructing the,machine to 
interrogate the I/O channel to which the clock is connected. Th~s data may 
then be used to accomplish such tasks as automatic logging of jops run on 

I 

the computer, generation of random numbers, computing the elapsed time 
for program se grnents or entire programs, etc. 

This paper is concerned with the development of a digital Glock and 
the associated software for an IBM 1620 computer. 

The body of the paper is divided into two sections. The first section 
is primarily concerned with the design and construction of the digital clock. 
It begins with a survey of commercially available clocks and continues with 
a block diagram description of the design of a working device. The discus­
sion centers around the logic design of the timing circuits and the gating 
interface neces sary for connection to the 1620 computer. 

The second section of the paper describes the Autolog software devel­
oped for use with the digital clock. The software is discussed from the 
standpoint of the user and as a program modification to the Monittor I System. 
No attempt has been made to discus s secondary program additions such as 
a random number generator subroutine although they are available. These 
are standard SPS subroutines written for addition to the Fortran II-D library. 

Since many users will not have a digital clock available for use with 
the Autolog program a section has been included that discussed the use of 
the Autolog Program without a digital clock. A short discussion of compat­
ability with FORGO-D is included for those persons using the FORGO-D 
Monitor System. 
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II. THE DIGITAL CLOCK 

Introduction 

The hardware portion of the Autolog-Digiklok System is an online 
digital clock. This device, nicknamed the. Digiklok, will maintain real 
tim'e, and upon instruction from the IBM 1620 will transfer a clock reading 
through the 1620 110 channel to core memory. This section briefly de­
scribes action taken by the Freas-Rooke Computing Center (FRCC) in obtain­
ing a clock and the general ope ration of the Digiklok which was eventually 
designed and built at Bucknell University. 

Obtaining the Clock 

Several options for obtaining a digital clock were considered. IBM 
was first contacted and responded with an estimated cost of $15, 000 for a 
complete custom built unit. A formal logic design was then prepared at the 
FRCC and submitted to several companies with requests for quotations on a 
complete unit, logic hardware neces sary for construction of the clock at 
Bucknell, or some combination of these two options. The responses to these 
reque sts are presented in Table 1. 

Although formal quotations were requested only for a s·olid state device, 
the possibility of constructing the clock with electro-mechanical switches was 
considered. It was decided, however, that the noise and maintenance demands 
of the electro-nlechanical system coupled with the small price difference be­
tween switches and 100 Kcps solid- state logic justified the construction of a 
completely solid- state device. For the purposes of logging and program tim­
ing, a resolution of O. I second and the averag~ accuracy of the power line 
frequency were cons idered sufficient, and thus the AC line was selected as 
a time base. 

After considering the possibilities outlined in Table 1, the EECo, Q­
Series modules were selected with the idea of completing detailed de sign and 
construction of the clock at Bucknell. The Q - Series hardware consists of 
a universal circuit card (Figure I) and three different welded, encapsuled 
digital modules (Figures 2, 3,4) which may be soldered to cards to implement 
standard digital circuits such as gates, squaring amplifiers, multivibrators, 
etc. 
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COMPANY 

IBM 

Tech Serv, Inc. 

Engineered Electronics, 
Co. (EECO) 

NAVCOR 

C. E. Snow 

PARA BAM 

ITEMS INCLUDED IN QUOTATIONS PRICE 

Complete Unit 

Logic cards, card files, $1700.00 
1 spare each type card. 
Without power supply. 

5 options for the necessary logic 
and card file s. Without spare s. 
With power supply. 

T-Series 
CT-Series 
G-Series 

Q-Series Clamped 
Q-Serie s Unclamped 

No definite price offered. 

No definite price offered. 

Constructed basic clock 
without interface, gating, or 
parity. 

$2991.70 
$2534.55 
$1817.75 

$1363.30 
$1295.10 

$2720.00 

TABLE 1 - Results of Requests for Quotations 

o 
ESTIMATED COMMENTS 
TOTAL COST 

$15,000 

$ 2, 200 Not NOR/NAND Logic 
4 card file s required 

$3200 
$2750 
$2050 

$1600 
$1400 

$3700 

100 kc logic 
Fully cons tructed 
cards 

100 kc or 25 kc 
cards built from sub 
modules 

Estimated cost for 
constructing gating at 
Bucknell: $1000. 
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3-input N AND,;N-OR 

Q-41.1. 
Pin * 

1 
Z 
3 
4 
5 
6 
7 
8 
9 

I Q-414 
I 
I f'=' , 
I 

[0 
R2 

I 3 
10 

I -. .. 
llIIIUTS 

5 
I t 6 

I 7 

I 8 

I 
9 

-------------------------_ .... ---GENERAL 

0-411 and 0-414 are three input NAND INOR circuits~ based on resistor-tran­
sistor logic. 0-411 and 0-414 are identical circuits except 0-411 has a clamped 
output to provide uniform output voltage "levels and 0-414 doe. not. There i. a 
direct input provided in each unit for additional circuit ver.atiUty. The.e unit. 
function as NAND or as NOR logic according to the alligned IOlic level voltale.: 

For NAND: "1" (true) = OV 
"0" (false)= -6V 

NAND output = ABC = A + ~ +-e 

For NOR: 

NOR output c 

'ELECTRICAL SPECIFICATIONS (NAND LOGIC) 

Input: Min. Max. 
Frequency 0 Z5.0 
Rise Time 0-411 Z.O 

0-414 Z.O 
Fall Time 0-411 5.0 

0-414 --l0.0 
True Level 0 -0.5 
False Level -6.0 -lZ.O 
Input Load 1.0 

Output: 
Rise Time 0-411 Z.O 

0-414* Z.O 
Fall Time 0-411 5.0 

Q-414* 10.0 
True Level 0 -0.5 
False Level Q-411 -6.0 -6.5 

Q-414 -6.0 -IZ.O 
True Level Delay Z.O 
False Level Delay 3.5 
Drive Capability 4.0 

Power Requirement.,: 
-lZV. :1:5" 3.0 
+lZV. :1:5'" 0.1 
-6V. :1:5" (0-411 only) 1.3 

"*Yea.ured betweeD OVDC aad -6VDC 

P1gure 2 - Three iD'DU' IWJD/BOB 
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"1" (true) -6V 
"0" (false)= OV 

A + B + C a'A'!e" 

Unitl 
KC 
.... sec 
.... sec 
.... "ec 
.... Iec 
volt. 
volt .. 
load unite 

.... sec 

.... sec 

.... sec 

..... ec 
volte 
volta 
volt. 
fleec 
fl·ec 
load unit. 

ma 
rna 
ma 
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J.\d:ul ti Circu.i t 

Q-4aa 100KO -111 
~ ..•. -~ -tN 

1 I I 

PULse GAT[ 
lOGIC INPUT· II J-"""'".-...... """f'v--' 3 

4 
5 
6 
7 

. r-- 8 
NAND .. 
INPUT. ~ 

t. -~"\.!.,r---J 10 
C2 11 

lZ 
BIAS GNO 

--------------------------------GENERAL 

0-422 is a multi-purpose digital circuit used to produce flip-flops, one shot •• 
multivibrator, squaring circuits, pulse amplifiers, etc. 

0-422 has a clamped output to provide uniform output voltage levels. When in­
puts to 0-422 come from ~nclamped circuits, care must be taken that the am­
plitude' of the pulse gate pulse does not exceed the false level of the pulse gate 
logic input. For example, with a DC logic input of -8V, the pulse input must 
not exceed 8 volts i,n amplitude. 

ELECTRICAL SPECIFICATIONS· (NAND LOOIC) 

Input: 

Frequency: 

NAND 
Puis e Gate Logic 
Pulse Gate Pulse 

Rise Time: 

NAND 
Pulse Gate Pulse 

F,all Time: 
NAND 

True Level 

. NAND 
Pulse Gate Logic 

False Level: 

NAND 
Puis e Gate Logic 

Amplitude, Pulse Gate Pulse 
(Positive -going) 

En~ble Time, Pulse Gate 
Disable Time, Pulse Gate 

Min. 

o 
o 
o 

o 
o 

-6.0 
-6.0 

5.5 

0.5 
0.5 

Max. 

100.0 
50.0 

100. a 

0.5 
0.5 

1. 0 

- O. 5 
-0. 5 

-12.0 
-12.0 

12.0 

4.0 
4.0 

Figure 3 .. Multlo1rou1t 
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Units 

KC 
KC 
KC 

JA.sec 
JA.sec 

Il s ec 

volta 
volts 

volts 
volt. 

volt. 

".ec 
"sec 
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Q-413 

------------------.------------
GENERAL 

0-413 is used to increase the loading capabilities ot the NAND/NOR Wlita. 0-413 
can drive up to ZS NAND/NOR inputs. 

ELECTRICAL SPECIFICATIONS 

Input: 

Frequency 
True Level 
False Level 
Input Load 

Output: 

Drive Capability 
DC Levels 
Rise and Fall time 

Power Requirements: 

Min. Max. Units 

0 Z5.0 KC 

0 -0.5 volts 
-6.0 -IZ.0 volts 

I load units 

Z5.0 load units 
e s sentiall y equal to input DC levels 
essentially equal to input rise and fall 
time 

15.0 ma 

Figure 4 - Power Driver 
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The major disadva.ntage of 'the .Q - Series is that it requires more 
soldering, but it offers the advantages of design flexibility and low cost. 

General Specifications 

The general specifications of the Digiklok are as follows: 

1. The Digiklok shall keep real time to a digital reading accuracy 
of o. 1+0.05 seconds and shall be capable of reading out tenths of 
seconds (0-9), seconds (0-59) minutes (0-59), hours (0-23), and 
day of the year (0 -365/ 6). 

2. The Digiklok shall be compatible with and shall communicate with 
the 1620 through the 1622 Paper Tape Reader channels with mini­
mum alterations to the 1620 system. 

3. The Digiklok shall not require high speed logic due to the fact that 
it is based on a 60 cps time standard and that it will be read at 
about a 7 kcps rate. 

4. The Digiklok shall offer a BCD display. 

General Description ~ Illustrated in ~Diagram, DKL-01 

The general design and operation of the Digiklok is now explained with 
reference to the FRCC Digiklok Block Diagram, DWG. No. DKL-OI. First 
consideration will be given to the operation of the time counter s and second 
to the reading of the clock by the 1620. The logic flow for the counting cir­
cuits is indicated by the heavy lines, and that for the reading control and 
special functions by the lighter lines. 

Time~. Beginning with the functional block labeled 60 CPS LINE 
in the lower right side of DKL-OI, pote that it serves as the time base for 
the clock and that it drives the input of a Schmitt trigger which shapes the 
sinusoidal AC into a square wave of the same frequency. Although the fre­
quency of the line will vary, it will be nearly constant when averaged over a 
day. 

Binary Coded Decimals (BCD). The ten digit time number is counted 
and represented in the clock as a binary coded decimal in which each decimal 
nurnber (0-9) is represented by its equivalent binary number as shown. 
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Decimal BCD 
number equivalent 

0 0000 
1 0001 
2 0010 
3 0011 
4 0100 
5 0101 
6 0110 
7 0111 
8 1000 
9 1001 

Table 2. Decimal to BCD Conversion 

Each bit of the BCD is represented by the affirmative (1) output of a 
bistable multivibrator, commonly called a flip-flop. The group of flip­
flops necessary to form one decimal number compose a BCD counter; a 
count of the maximum decimal number 9 require s four flip-flops. In the 
Digiklok, however, some counter maximums are less than 9, for example, 
the ten seconds counter counts to a maximum of 5 and the ten hours counter 
to a maximum of 2. These BCD counters therefore require only three and 
two flip-flops, re spectively. In this report, unles s otherwise defined, the 
term counter will refer to a BCD counter consisting of two, three, or four 
flip -flops. 

Counters. With these terms in mind, continue following the counting 
logic on DKL-OI. When the clock is operating in the normal automatic mode, 
the 60 pulse per second (pps) output of the Schmitt trigger drives through the 
Manual Setting Control into the input of the first counter (So) which divides 
the frequency of the signal by 6, i. e. the output triggers in the next counter 
if and only if So has counted 6 input pulse s repre senting 60/6 or O. 1 seconds. 
On the 6th pulse, So resets to zero and begins recounting. 

The output of counter So drives the input of the tenth of second counter 
(SI) which immediately upon reaching a count of 10, resets to zero and trig­
gers a count in the 82 counter. Likewise when the S2 counter reaches 9+1, 
it resets and triggers a count in the ten second counter which counts to 5 
before resetting and triggering the one minute counter (MI) on the 5th pulse. 
The S counters thus effectively divide the 60 pps time base into sixth, tenth, 
unit and ten seconds. 

Sim.ilarly the minute (M) counters count and register the output of the 
S counters, reset to zero after reaching a decimal count of M2=5 and M=9, 
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and transfer a count to the hour (H) counters. These counters reset to zero 
on the 24th pulse and transfer a count to the day (D) counter s which total a 
maximum of 365 or 366 in a leap year. 

Reading and Data Transfer. For the time to be read by the 1620, the 
outputs of the BCD counter s must be gated into the computer input section. 
Data is read from the clock through the paper tape reader channels and thus 
the Digiklok operation must simulate that of the paper tape reader. Data 
transfer is by serial digits, parallel bits and is accomplished as now de­
scribed. 

Beginning at the large functional block labeled IBM 1620 INPUT OUT­
PUT SECTION, note the line from it to the Scan Control. When the 1620 is 
instructed to read the Digiklok and no transition is occurring as signaled by 
the connection from the So counter to Scan Control, the Scan Control will be 
enabled by a level change. It in turn will enable the Sequence Generator 
which will produce a serie s of 11 transfer (T) pulse s on 11 different line s, 
each connected to one of the Sample Circuits (SC) shown at the top of DKL-Ol. 

The input to the SC function blocks consist of the transfer lines and 
the outputs of one BCD counter through a lamp indicator and appropriate 
driving circuits. When the T level is present on the input to a particular SC, 
the output of its counter is transferred to the data line s (parallel 'line s at top 
of drawing), through the Check Bit Generator, and into the 1620 Data Input 
Register. The Check Bit Generator maintains odd parity which is used for 
error detection, i. e., it produce s an extra bit on line 5 if the sum of the" 1" 
bits on line 1 to 4 is an even number (O=odd). 

The output of the BCD counter selected by the Sequence Generator is 
now in the 1620 Data Input Register but the data is not transferred into core 
memory until a sync pulse is generated by the Digiklok Sync Pulse Generator 
and detected by the 1620. As indicated on the Block Diagram, the Sync 
Generator is driven by the Sequence Generator. The sync pulse, however, 
lags the T pulse time enough to insure that the inputs to the 1620 are stable 
before being read. Upon detecting the sync pulse, the 1620 transfer s the 
data to core memory within 20usec and is ready to read data from the next 
SC enabled by the Sequence Generator. 

Each time the 1620 is instructed to read the Digiklok, this reading 
sequence will be initiated at the D3 counter and continue serially through the 
End of Line signal (ElL). When the 1620 senses the ElL bit on line 8, it 
will negate the "1" signal to the Scan Control, the Sequence Generator will 
be inhibited, and data transfer will stop. The computer will proceed to 
execute the next programmed instruction. 

Other Function Blocks. The Signal Simulator above the IBM function o block must supply S levels to various inputs of the paper tape channels to 
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· simulate control signals not used in the operation of the clock. 'itS" levels 
are IBM nomenclature and are defined as follows: 

+S = 
-S = 

-0.6v to -0. Iv 
-12.48v to -6.87v 

The power supply provides the proper levels and necessary current 
for the operation of the logic modUles from a 115 VAC line. The Digiklok 
includes a relay to detect power failures which turns an lndicator on, and 
negate s the +5 Reader Ready level from the Signal Simulator.. The -S on 
this line will cause the computer to pause and indicate "Reader No Feed" 
on the console light display if the clock IS addressed before being reset. 
The Reader Ready line is set to +S when the clock is manually set to the 
correct time. 

Cot1structio~ 

Detailed designs were prepared during the summer 6f 1904 and con­
struction began in September, 1964. The clock was essentially completed 
in February, 1965, and since then has been in continuous operation at the 
FRCe with no major failures or design errors detetted. 

The total cost for the project is summarized in Table a. 

ITEM 
) , .. -

EECO Q-Series Logic including hardware to 
construct 6 spare eards 

Other hardware including that necessary for 
-llVDC and -6VDC Supply 

-l2VDC Power Supply and Spare 

Cabinet 

Postage 

Telephone Expenses 

Labor 

TOTAL 

TABLE 2 - Slimmary of Expenses, 
Project Digiklok 
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III. THE AUTOLOG SOFTWARE 

Introduction 

In this section of the paper the Autolog System is described first from 
a users standpoint, secondly as a program modification to the Monitor I 
System, and lastly as a system for use with or without a digital clock. Pro­
gram listings and the as sociated flow charts are included in the appendice s. 
The step by step procedure for adding the Autolog Program to the Monitor I 
System can be found in Appendix B. 

Before commencing with a discus sion .of the details of the Autolog 
System it might be appropriate to describe the entire system in general 
terms. 

The Autolog System is used to generate a chronological table of jobs 
run under the Monitor I System. Each time a job is run a log record is 
entered into a log table area that has been re served on the Monitor I disk 
pack. As presently operating, the table can handle as many as 400 entries 
before it must be dumped. The information in the table can be retrieved in 
either of two ways. The normal mode of retrieval is to run an edit and 
punch program that edits each log table entry, punches the edited entry on 
a card, and reinitialize s the table so that it is ready to receive up to 400 
new entries. An SPS listing of this edit and punch program is included as 
Appendix C. The second mode of retrieval is one that is not normally used, 
but rather is available so as to protect programs stored on disk by insuring 
that only 400 entries are made in the table. This routine is part of the 
Autolog program and with a minimum of operator attention will automatically 
dump the table to cards and initialize the table for 400 new entries. The 
system is designed in such a way as to prohibit running of a program if the 
log table is full. 
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An example of the output from the edit and punch routine is shown in 
Figure 5. The output from the edit and punch routine can now be used for 
any type of analysis desired. Figure 6 shows the output from one analysis 
program. This particular program condenses the output into a daily listing' 
for each month. 

Code No. Machine Date Time On Time Off Net Time Programmer 

11176315 1620A 03 31 65 1350 279 1423 130 00 32 451 CONNER, T 
11177211 1620A 03 31 65 1423 245 1425 265 00 02 020 DEFEO,BRENT 
21109391 1620A 03 31 65 1425 406 1426 469 00 01 063 MORGAN 
11177211 1620A 03 31 65 1426 573 1427 409 00 00 436 JANT 
11177211 1620A 03 31 65 1427 552 1430 330 00 02 378 DEFEO,BRENT 
11111211 1620A 03 31 65 1430 430 1431 266 00 00 436 HAUN 
11177211 1620A 03 31 65 1431 412 1432 249 00 00 437 ZIMMERMAN 
11171103 1620A 03 31 65 1432 393 1433 588 00 01 195 STOLL DAVID R. 
11111103 1620A 03 31 65 1434 100 1436 282 00 02 182 STOLL DAVID R. 
11177311 1620A 03 31 65 1436 392 1436 558 00 00 166 FRANTZ t L. I • 
11174316 1620A 03 31 65 1437 069 1449· 238 00 12 169 UHLER, ANDREW 
21109391 1620A 03 31 65 1449 348 1457 381 00 08 033 MORGAN 
21109391 1620A 03 31 65 1451 485 1459 584 00 02 099 MORGAN 
11177311 1620A 03 31 65 1500 098 1500 510 00 00 412 PRIESTER,PL 

S 

11176315 1620A 03 31 65 1501 027 1506 564 00 05 537 PANCZYSZYN,FRANK 
11112308 1620A 03 31 65 1507 079 1513 287 00 06 208 RODNEY,P.F. 
11174316 1620A 03 31 65 1513 407 1516 288 00 02 481 UHLER, ANDREW S 
11177211 1620A 03 31 65 1517 107 1518 292 00 01 185 JANT 
11171311 1620A 03 31 65 1519 564 1525 324 00 05 360 1FRANTZ t L. I • 
11117211 1620A 03 31 65 1525 331 1521 173 00 01 442 WARNER 
11177211 1620A 03 31 65 1528 218 1530 412 00 02 134 DEFEO,BRENT 
11107393 1620A 03 31 65 1530 522 1533 094 00 02 172 DEFEO,BRENT 
11101393 1620A 03 31 65 1533 260 1535 160 00 01 500 DEFEO.BRENT 
21109391 1620A 03 31 65 1536 218 1531 345 00 01 067 MORGAN 
11177211 1620A 03 31 65 1537 449 1539 034 00 01 185 JANT 
21176719 1620A 03 31 65 1539 180 1539 565 00 00 385 WEBER G. L. 
11177211 1620A 03 31 65 1540 228 1542 140 00 01 512 GELLER 
21109391 1620A 03 31 65 1542 246 1543 311 00 01 065 MORGAN 
11177211 1620A 03 31 65 1543 422 1546 066 00 02 244 CANTONI.JIM 
11174316 1620A 03 31 65 1548 029 1552 094 00 04 065 UHLER, ANDREW S 
11176344 1620A 03 31 65 1552 206 1555 111 00 02 565 STIDFOLE,R 
11107393 1620A 03 31 65 1555 284 1558 251 00 02 513 DEFEO,BRENT 
11177211 1620A 03 31 65 1558 556 1559 431 00 00 475 WARNER 
12177001 1620A 03 31 65 1601 303 1605 286 00 03 583 GATSKI,R.L. 
13117002 1620A 03 31 65 1605 450 1606 021 00 00 111 FRANTZ, L. I • 
21109391 1620A 03 31 65 1606 281 1609 410 00 03 129 MORGAN 

'21109391 1620A 03 31 65 1609 516 1610 5·84 00 01 068 MORGAN 
1117,7311 1620A 03 311 65 1611 110 1612 046 00 00 536 BERRIERJV 3-31-65 
11176344 1620A 03 31 65 1616 064 1619 447 00 03 383 SMITH, DAVID F. 
11111211 1620A 03 31 65 1620 238 1622 312 00 02 014 CANTONI,JIM 
1117'6313 1620A 03 31 65 1630 491 1635 119 00 04 228 JOHN COX 
1311-7002 1620A 03 31 65 1641 576 1642 591 00 01 015 FRANTZ, L. I • (~~ 

. ~,~~. 

Figure 5 
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C I 
AUTOLOG DAILY TIME REPORT 
03 MONTH 1965 

NO OF ' TOTAL TIME 
DAY ENTRI'ES HRS MIN SEC 

1 110 9 9 45 
2 28 11 16 0 
3 105 7 20 27 
4 107 5 21 38 
5 64 3 57 22 
6 38 1 25 51 
7 45 3 46 17 
8 105 6 37 49 
9 142 12 7 59 

10 142 20 37 58 
11 206 ,16 42 25 
12 227 17 30 27 
13 152 4 59 22 
15 198 12 56 24 
16 68 12 39 18 
17 24 6 41 32 
18 216 12 37 58 
19 166 14 58 55 
20 120 7 26 21 
21 127 11 24 16 
22 233 16 58 25 
23 204 9 50 31 
24 151 11 52 44 
25 204 13 59 34 
26 149 12 37 5 
27 65 6 58 37 
28 27 1 38 57 
29 124 8 6 21 
30 122 9 43 48 
31 95 10 30 58 

TOTAL 3,764 301 55 16 

FIGURE 6 
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Autolog from a Users Standpoint 

In writing the Autolog modifications for the Monitor I System an effort 
was made to minimize the changes in the 'op~rating proeedure of the Monitor 
I System. It was assumed that fewer operating errors would result if the 
deviation from normal Monitor operation was small. The ,only changetnade 
in the operating procedure was one that will help avoid tonfusion when uSing_, 
the multi-processing feature of Monitor. This change is not critical to the 
operation of the Autolog and could be easily deleted from the System. 

To affect the use of the Autolog the user must simply fill in certain 
columns of the Monitor Job Card with the proper information.. The twenty ... 
eight columns of the JOB card normally used for comments, have been taken 

*' ,:f JOB lll7700lE. F.STAIAN'O ..... TEST 

Eight Twenty Digit 
Digit Programmers 
Nume ric Name Field 
Job 
Code 

COLUMN: 
31 40 

SAMPLE JOB CARD 

60 

over by the Autolog routine. These twenty eight columns, are divided into 
two fields. (See sample JOB card). The first of these fietds t which must 
contain only numeric information, is eight digits long. These eight digits are 
stored as part of the log record and can be used for charge ~ades, job elas si­
fication, student numbers, etc. The second field, which is twenty digits long, 
long, can contain either alphabetic or numeric information; although the first 
character in the field must be alphabetic. This field should contain the pro­
grammer I s name plus any auxiliary information the prograMther wishe s to 
record. . 

~ .... / 
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Both of the two fields mentioned above must be filled in properly. If 
either of these two fields is improperly coded or left blank the job is not 
processed, the operator is informed of the error and the supervisor goes 
into a JOB card search. The above information is all that is required for 
the Autolog when used iIi. conjunction with the digital clock. 

The change made in the operating procedure of the Monitor I System 
is designed to solve the pr oblem of relating which answer s belong to which 
program. Anyone who has used the multi-processing feature of the Monitor 
System has probably experienced the above program-answer puzzle. 

This problem is easily solved by punching a header card and a trailer 
card for each program. As soon as the Monitor type s the JOB card, the 
information that was punched in the programmer's name field is punched on 
a card. After the job has been completed and before the END OF JOB me s­
sage is typed, two more cards are punched behind the output from the job. 
The first of these two cards will cause a page skip when the cards are listed 
on the IBM 407. The second card is a blank that makes it unnecessary to 
use the non-process run out button to get all of the output from a program. 

The above modification has greatly simplified the problem of multi­
processing with Monitor. The operator does not have to remove each job 
as it is completed and is thus free to prepare jobs for stacking and to watch 
for check stops caused by undefined variables in Fortran II programs. 
Since the programmer's name appearing on the job card is typed by the 
monitor system, the problem of associating error listings with the appro­
priate program is non-existant. 

Incorporation of the Autolog Program into the Monitor I System 

The Autolog Program is made up of three principal parts. The first 
part of the program is executed through a set of interrupt instructions 
placed in the JOB CARD PROCESSOR routine in the Monitor I Program. The 
second part of the system is the log table dump routine which is automatically 
called into action when the job table is full. The third part of the program is 
executed through a set of interrupt instructions placed in the END OF JOB 
PROCESSOR routine in the Monitor I program. 

The entire Autolog program requires 32 sectors of storage on the 
disk. Flow chart #1 in Appendix A shows the various sections of the Autolog 
program and their locations in disk storage. The second block in the flow 
chart indicates the location of the sector that contains the disk control field 
for the current log table entry and the automatic table dump routine are 
common program segments, i. e., they are in core with the JOB PROCESSOR 
patch and the END OF JOB PROCESSOR patch. 
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The process of automatic logging is perhaps best explained by follow­
ing through the processing of a Monitor Job. 

As soon as a JOB card is sensed by the Monitor Control Record 
Analyzer routine control is passed to the JOB CARD PROCESSOR routine 
in Monitor. This routine analyzes the information contained on the JOB 
CARD and types this information with the aid of the TYPE A MONITOR 
CONTROL CARD routine. After the JOB card has been typed and before 
control is transferred from the JOB CARD PROCESSOR routine a set of 
patch instructions, inserted in tht's routine, reads in the Autolog program 
from disk storage and branche s to the beginning of the program. This sec­
tion of the Autolog routine fir st checks the appropriate Autolog fields read 
from the JOB card and then depen,~iing upon the validity of these fields either 
continues the logging operation or informs the operator of the presence of 
an error in the field or fields. Should either or both of the fields be im­
properly coded the Autolog routine sends the Monitor into a JOB card search. 
The program containing the improper card is not processed. 

Assuming that the JOB card is properly filled out, the Autolog next 
decides whether or not the previous job processed ended through the END 
OF 'JOB routine. This checking feature was necessary to account for the 
cases when Monitor is destroyed in core and a cold start is required. Each 
time a program ends in this diba'str.QuS fashion an identifying record is 
placed in the table. 

Using the information punched on the JOB card in columns 33 thru 60, 
the Autolog program reads the digital clock and stores on disk a JOB begun 
entry. This entry is made in the sector specified by the current log table 
entry disk control field. Upon completion of this task the Autolog executes 
the replaced Monitor instructions and transfers control back to the JOB 
PROCESSOR routine in Monitor. 

No further interrupts are encountered until the job has been com-
pleted and Monitor branches to the END OF JOB PROCESSOR. At this 
point the second interrupt occurs and the second section of the Autolog pro­
gram is read into core. After checking several indicators, the log record 
that was started back in the JOB PROCESSOR routine is read back into core. 
At this point the clock is interrogated again and the reading is placed in the 
log record which is in turn written back into the log,. table. . The current log 
table entry disk control field sector address is then incremented by one and 
tested for size. If the table is full, control is transferred to the table dump 
routine. If the table is not full the replaced Monitor instructions are executed 
and control is returned to Monitor. 

The automatic table dump routine does not edit the log table entries 
as they are punched on cards. This routine dumps the table 'exactly as it is 
stored on the disk. A separate program must be used to edit this output. C 
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Should the above job have ended abnormally, the log reto:td would 
have been co:mpleted by the JOB PROCESSOR interru.pt plrogr.am. 

For further details of the Autolog program the reader is referred to 
Appendix A which contains flow charts and BPS listings of theprograrn. 

Special Features of the Autolog System 

Operation without the digital clock. The Autolog Program can b'e used 
without a digital clock in either of two ways. The first way requires that the 
three Read Numeric Paper Tape instructions, used for reading the clock, be 
changed to Read Numeric Typewriter. This would require the operator to 
enter the time from the typewriter at the beginning and end of each job. This 
has the obvious disadvantage of slowing down the processing of programs 
while it has the advantage of forcing each user to log on and off the machine;, 

A second way to utilize the Autolog Program without a digital clock is 
to NOP the Read Numeric Paper Tape instructions and log only the pro­
grammer's name and the job code. This would provide a record of who used 
the machine and for what job but would not give any information concerning the 
amount of time used. This change would not increase the time necessary for 
logging and in addition would not require any operator intervention. 

\ 

Compatability. The Autolog Program. is compatible with FORGO-D. 
Certain features of FORGO-D are undesirable for automatic logging, however, 
and a further modification has been made to Monitor and FORGO which elirni­
nates these disadvantages. These changes put FORGO on the same level as 
Fortran II, SPS II and the DUP routines. The double comment card has been 
eliminated in favor of a :f: f FORG control card. This card can be processed 
by existing Monitor Subroutines and results in a far simpler modification than 
FORGO-D. All halts have been removed from FORGO to allow for multi­
processing without operator intervention. This modification fbI' FORGO can 
be used with or without the Autolog program. 
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FORTRAN II INCREMENTAL PLOTTER SUBROUTINE 

(DFIPS) 

Introduction 

---------------.. --_ .. _------

PPAD 523 C 
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DFIPS is a general purpose routine for use in FORTRAN II pro­

grams for an IBM 1620 disk system with a Calcomp 565 Plotter. Its main 

function is to provide with a single routine and as few FORTRAN state­

ments as possible a complete drawing. 

Functions of Subroutine 

The DFIPS subroutine will accept one pair of arrays at a time 

several of which can be included in one drawing. The first set of arrays-­

for a drawing will have scaling performed on it, or it will give the 

scaling information; also the axes will be labelled as well as the draw­

ing title will be drawn. Other sets of arrays will be superimposed on 

the same axes allowing 1/2" over the edges. 

Subroutine Calls 

There are 3 general types of calls to DFIPS, each of them ac­

complishes a specific task. The first type starts a new drawing with, 

its labeling and scaling and draws the first points or curve. The 

second type superimposes on the axes drawn by the first call additignal 

points or curves. The third type is for any additional labeling nece~sary 

beyond what is normally obtained by call type 1. Calls type 1 and 3 

have at several places optional arguments which should be included only 

if they are necessary, since not all arguments have to be present at all 

times. 

General Call (Type 1) 

CALL DFIPS (X,Y,N j M,SX,XMIN,DELTX,YMIN,DELTY,Rl,R2,R3)-is the 

general call which starts a new drawing. The first two-arguments are 

the names of floating point FORTRAN arrays. The successive el~ments of 

which contain the abscissas and ordinates respectively of the data points 
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to be plotted. The third argument (N) is a FORTRAN integ~r or integer 

variable which specifies the number of points to be plotted. The fourth 

argument (M) is a FORTRAN integer or integer variable whose 2 low order 

digits take the following meaning: 

low order digit (units) 

if -1 draw line connecting points without drawing 

markers at the points 

o draw line connecting points and also mark the points 

1 only draw marks without connecting the points 

If the units position had an 0 orl then the tens position 

will be interrogated to determine which marker is to be used for the 

point according to the following: 

o = dot 

I = octagon 

2 = plus sign 

3 = triangle 

4 = upside down triangle 

5 = square 

6 = diamond 

7 = asterisk 

8 = four pointed star 

9 = star 

The high order digit ( thousands position) will take a 

meaning if the line is to be drawn (low order digit 0 or -1) and it will 

be.: if 1 draw dashed lines connecting thepointsj if any other number 

draw full line. 

Examples 

If M = 30 the points will have triangles around them and be 

connected by a solid line. 
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If M = -lOOl~ the points will be connected by a dashed line 

and no marker drawn. 

If M = 1001- the points will be marked by a dot and no line 

will connect them. (NOTE: When a number is made negative the - sign 

goes with the low order digit.) 
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The next argument (SX) refers to the length of the X axis in 

inches. The Y axis is always fixed at 9 inches; and the X axis at 

whatever length is indicated by this argument which must be in floating 

point form ahd cannot exceed 99. inches. If it is not an integer 

number. of inches its value will be chopped to integer. If it is desired 

to pre-select the scale, the next 4 arguments are entered; otherwise they 

are not included. The first of them (XMIN) represents the lowest value 

that will be printed on the X axis; the next is (DELTX) the number of 

units per inch along the X axis; the others are Y axis equivalents of 

them. (NOTE: If XMIN is some odd number such as 5121.3562 and DELTX 

200. The values on the scale will represent 5121.3, 5321.3, etc., so 

care must be taken in selecting values of XMIN and YMIN, and not just 

the lowest values in the arrays.) 

The last 3 sets of arguments (Rl, R2 and R3) provide the 

drawing title, X axis and Y axis labels respectively. 

Each of them can haVe from 1 to 11 arguments. They constitute 

essentially what would be found normally after a PRINT statement; that 

is a reference to a: 'FORMAT statement number followed by a' list of elements 

(if necessa.ry) each of which is separated by a connna.. In order to iden­

tify the FORMAT statement number it must be preceeded by a $ (dollar sign); 

so the indicator character ($) can be thought of as representing an 

imaginary WRrTE ON PLOTTER type statement. 
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There are some important restrictions imposed by the compiler 

on this part 

a) Maximum length of 80 characters of output. 

b) FORMAT statement must have preceeded in the program its 

use. 

c) No DO loops implied or otherwise allowed; but if (A(I), 

1=1,5) is desired it can be written as A(l), A(2), A(3), 

A(4), A(5) without any problem. 

d) No carriage returns(/) can be given in the FORMAT state­

ment; but the slash can be valid in a Hollerith string. 

Note also that as written the program can handle only up to 11 

arguments (a FORMAT statement number and 10 items on the list). 

On writing a line all leading and trailing blanks are eliminated 

for speed. 

TYPE 2 CALL 

CALL DFIPS (X, Y, N, M) 

This call is used when it is desired to fit other sets of data 

points in the same drawing. No scaling will be performed for these; they 

will ohly be fit on the same set of axes .. A general call must have pre­

ceded this statement. If a point falls more than 1/2 inch outside of 

the limits of the drawing, a card will be punched containing the identi­

fication for the point, its coordinates and the message "out of range". 

In this call the X and Y have the same meaning as on the previous case; 

the N will contain the number of points; and M has the same meaning as 

before. 

TYPE 3.CALL 

CALL DFIPS (X, Y, N, HI) 

This call is used when it is desired to add another line of 

writing at a specific point. It must be preceded by a general call. 
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The. X and Yare floating point representation of the location where this 

title is to appear. If they are not given the data will be written where 

the pen is (at the end of a line to identify it). This line of data 

will normally be written in letters .18 inch high (size 3 since all sizes 

are multiples of .06) and oriented parallel to the X axis. The element 

N if present can modify both of these. Its value will indicate size 

number (if 1 letters will be .06 inches high, if 5 then .3 inches etc.), 

and its sign orientation; positive = parallel to X axis, negative = 

parallel to Y axis. Note: Only the last digit of size number will be 

used so maximum size possible is .54 inches. The last set of arguments 

being the data to be written. For an explanation see Rl, R2 and R3 ex­

planation in the general call. 

RESULTS 

The results will be a drawing which will have the axes drawn 

with tick marks of .1 inches in length every inch in each of the axes. 

At each tick mark will be the value on the scale at that point. If the 

values are between 1.0000 and 999.9999 no factoring will be performed on 

them; but otherwise they will have a multiplication factor ~ssociated 

with them. The numbers will consist of up to 4 decimal places with the 

trailing zeroes deleted for speed and neatness. These numbers indicating 

scale will be .06 inches in height and .04 inches in width with .02 inch 

separation between numbers. The units per inch used on the scale will 

be an integer or an integer times an appropriate power of ten (only 1, 

2,4,5, & 8 are used, example .02 unitS/inch or 5000 units/inch) such 

that all the points in the first, array are included in the drawing or as 

given by XMIN, DELTX, YMIN, DELTY. In the scaling process both for the 

X and Y axes their respective maximum and minimum values are obtained. 

Because only 4 places are output after the decimal point on the scales, 

the points should differ by at least 1 in their fourth most significant 

place. (Example: if X max = .00324658 X min should be ~ .00324558 so 

that the scales show correct values.) The labels for the axes are with 

letters .18 inches high .12 inches wide with a space .06 inches wide 
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between letters. They start .6 inches away from the intersection of the 

axes. The drawing title will be below the X axis label in letters .24 

inches high .16 inches wide and .08 inches apart. These dimensions are 

important to know the number of characters that fit in a particular size 

axis (always I" allowance should be made in case scaling is performed so 

the scaling factor has space to go). 

ERROR MESSAGES 

Non Fatal: 

If a point falls outside the normal drawing area (allowing 1/2 

inch overlap) a card will.bepunched containing all information on the 

point 

Fatal: 

These are typed as ERROR DFIPS I meaning 

I = 0 scaling is to be performed on a type 1 call and number 

of points on array (N) is less than 2 

I = 1 scaling is to be performed on a type 1 call and on one 

of the axes its maximum and minimum values are equal 

I = 2 line to be drawn with zero points on it 

I 3 wrong number of parameters in a call 

I 4 on call type 1 the length specified for X axis is > 99 

inch~s or < 1. inch 

On all of these progr~ w.ill halt and if start is pressed 

it will return to main program. 

I=5 on call type 3 the size of character to be drawn has been 

specified as O. Options available: a) Pressing start will neglect the 

title or b) Press insert, type 42 R-S will draw it size 3 with 

orientation parallel to X axis. 

241 



c 
( 

C 

!'PAD 523 c 
Rev. 2/65 
Rev. 4/65 

GENfRAL PLOT PROGRAM 

DIMENSION XCIOO),Y(lOC),TITLE(lOt.XL(lO).VLIIOt 
9 FOR~AT tE14.7.rI4.7,Il,Il.IS, 

. 1 0 FOR rv1 A T (1 O~.4 ) 
11 FORMAT C4f.14.7) 

i f\'=~ 

2 REAn 9,Xp.YP.ICALL.JOP,~ 
ICALL=JCALL+l 
GO TO (3,4.5,6,7),rCALL 

3 ~\ ( N + 1 ) = X P 
YCN+] )=YP 
N=N+l 
GO TO 2 

4 READ 11,SX 
READ 10,TITLE.XL,YL 
IF (lOP) 41.42,41 

41 READ 11,XMI~tDELTX,YMIN.DELTV 

CALL DFIPS(XtY,N,~,SX.XMIN,DELTX,Y~IN,DF.LTY,SlO,TITLE(l).TITLE(2), 
ITITLE(3),TrTLE(4),TITLE(5),TJTLEC6),TITLF(7).TITLE(8),TITLE(9), 
2TITL[(ln),$10.XL(I).XL(2),XL(3),XL(4"XL(5),XL'6).XL(7).XLCS), 
: X L ( q ) ,X L ( 10 ) ,$10, Y L ( 1 ) ,YL ( 2 ) , Y L ( 3 ) , Y L ( 4) • YL ( 5 ) ,y L ( 6 ) • YL ( 1 ) , YL ( 8 ) 
4.YLCQ) ,YL( 10» 

GO TO 1 
42 CALL DFIPS(X,V,N,M,SX, 510,TJTLE(1),TITLE(2), 

:TTTLr(3),TITLE(4),TITLE(5',TITLEC6).TITLEC7),TtTLE(8).TITL(C9), 
2TiTLECIO),$10.XL(1),XL(2).XL(3),XL(4).XL(S"XL(6),XL(1),XL(8). 
3X L ( 9 ) ,XL ( 1 a) ,$1 (,), Y L ( 1 ) ,YL ( 2 ) ,y L ( 3) • Y L (4) • YL ( 5 , ,y L ( 6 ) ,YL ( 1 ) ,YL ( 8 ) 
4,YLCQ) ,YL( 1"» 

GO TO 1 
5 CALL DFIPS(X,V,N.M) 

(,0 TO ! 
6 RFAO 10.XL 

IF (YaP) 61,62,61 
61 PEAD 11.XP,YP 

CALL DFIPS(XP,Vp,M,s]n,XL(1),XL(2).XL(3).XL(4).XLCS),XlC6).XL(1), 
1XLCS) ,XLCQ) .XL( 11"» 

GO TO 1 
62 C~LL DFIPS( M,$10,XLCl),XL(2),XL(3),XLC4),XLCS).XLC6),XLC1), 

lXL(8) ,Xl(9) .Xl(lO» 
GO TO 1 

... CALL EXIT 
END 
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*:J:JOB 

*:J:DUP 

*DELETDFIPS 

END OF JOB 

**JOB 

**SPS 

*ASSEMBLE RELOCATABLE 
*STORE RELOADABLE 
*NAME OFIPS 

END OF ASSEMBLY. 
08460 CORE POSITIONS REQUIRED PLUS RELOCATION INCREMENT 
00784 STATEMENTS PROCESSED 

OK LOADED DFIPS 0171 105200T129999900000* 

:f;:j:FORX 

MAIN T4000" 04~60 LOADED 
DFIPS T8060 ~8458 LOADED 
ERROR DFIPS 5 
42R'S 
ERROR OF IPS 0 
ERROR DFIPS 2 
ERROR DF IPS 4 
ERROR DFIPS 4 
ERROR DFIPS 1 
END OF JOB 
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Mrs. Joyce Fodor 
Engineering Camp Lab 
University of Wisconsin 
Madison, Wisconsin 

Planning and Running a Short-Term Workshop 
on Computer Orientation and Program.ming 

Many groups find themselves wishing to conduct Short-Term Computer Institutes 
or Workshops of from 2 to 5 days, to satisfy the needs of a variety of different audi­
ences. Typical situations are: 

a) a College or University Computing Center running a special program for 
interested faculty, 

b) an industrial program running an in-house training program for engineers 
and/or management, 

c) sponsoring an advertised institute for outsiders, frequently with fees charged 
for attendance. 

Based on the experience gained from several such undert~ings, this paper will 
discuss the problems of determining the goal to be aimed at, the depth of pene­
tration that can be reasonably achieved in a given number of days, how to plan 
the daily schedule, a typical graded set of problems, staffing considerations, 
and above all the importance of hands -on experience by the participants. 

There are many questions to consider before planning a workshop. First one 
must consider what group the workshop is to be aimed at, and therefore wnat-goals 
should be reached. If the group is composed of prospective programmers the 
institute should provide a start at programming competence~ 'SuperVIsory per­
sonnel, on the other hand, though they may not become active programm:ers, 
need to achieve a sufficient knowledge of FORTRAN to understand a complex 
program written by a programmer, and also need to acquire an understanding 
of situations where computers can be profitably used. Management people need 
to know how and for what computers can be used in general comjl"any"·operations. 
The program should also be aimed at either scientific or business oriented people. 
The previous knowledge of the participants is an important consideration. If the 
group has little or no background (no actual programming experience) they will 
need a complete presentation of FORTRAN. If, however, they have written a 
few programs they need only a review of the language. Size is also an important 
consideration and is dependent upon the facilities available. With a 1620 Model I 

,-,--~~-..,.~ ..... ;. .. ~'~~ 
and a 1620 Model IT with 1 diskdrive, a 407, and ~~.~el.1?unchea we have found ~§. ",. 
is the maximum size that can be handled •. The 1J<}!tl~~c:k is usually the keypunChes.C 

The duration of the workshop is of course a balance of many factors! the 
amount of time the facilities and the instructional staff are available, the time 
the participants can afford to spend, the time needed to achieve the competence 
level established as the goal ,for the attending group_ 
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For the purpose of this paper a specific group, size, duration, and situation 
will be assumed. Comments will be made where appropriate indicating how the 
planning discussed here should be modified if certain other factors existed. It 
will be assumed here that the group for which this workshop will be run consists 
of supervis?ry personnel with,ascienti~~c or~ngineering background. They are 
mainly from"ouiC'o'ftown, and~ ha:;; ;;;Y' iit1i~p~evlous lmowiedgeofFORTRAN. 
The facilities can be made available, and the group can make themselves available 
for three days. 

Now that the group has been selected, the content of the workshop will need 
to be developed. Since the group knows little or no FORTRAN they will need to 
have lectures on the following topics: 

, ___ .. _" __ , __ ._. __ ~_~-rt'~""":'~""""'"'~--" 

1. Introduction, general concepts, intelligence of a computer, flow chart 
formulation of a problem, 

2. Vocabulary of FORTRAN (excluding FORMAT and SUBROUTINE) 

3. Examples of simple programs written in FORTRAN, 

4. FORMAT, 

5. Subroutines and Monitor operation. 

Some lectures should also be devoted to theory. Since iteration underlies 
almost every useful computer application, a formal presentation of iterative 
techniques has been found very valuable. Its application in selected areas of 
mathematics and engineering would follow and should be connected to one or 
more problems. For the supervisory personnel a talk about some of the wider 
areas of applications and the future of computers is very desirable. 

The most valuable contribution of a workshop of this type is the experience 
the participants get as they actua1lywrite and run their own programs. A group 
such as this can be expected to finish probably three problems during the three 
day period. The problems should be chosen so that the first is very simple and 
can be successfully run die fir'at afternoon. Our experience has shown that this 
gives the participants a needed push onward. The next problems should be care­
fully selected so they increase in difficulty with no large jumps. One of the most 
common mistakes in planning an operation of this type is to 'make these problems 
too complex. The first problem in fact should be of such extreme simplicity, 
that there is no question, what should be done, only how to say it to the computer. 
A set of problems suitable for this workshop i8 shown at the end. Each has 
several parts, with optional parts starred, to allow the partiCipants to progress 
at individual speeds. 
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Developing the schedul~ is the next step to be taken ..... The first items to flll 
in are standard and include lunch at 12 each day and regular coffee breaks. 
Since this group is from out of town there should be a social hou~, __ ~!1!tdlnner, 
early in the session. This helps the group know each other and produces a 
closer knit group. If the participants were local and knew each other, at least 
a little, this social hour and dinner could well be later in the session so they 
have more knowledge and background and the guest speaker can pitch his re­
marks at a somewhat higher level. 

Monday morning opens with registration, followed by an official welcome 
to get things started. The rest of the morning should be devoted to the first 
three topics in FORTRAN. This is in preparation for getting their first 
problem running the first afternoon. Due to the use of FORGO (a FORTRAN 
allowing free format and having very powerful diagnostic comments both at 
compile time and run time) the lecture' on FORMAT can be postponed until 
a later day. The participants have enough to assimilate in the first day 
so if FORGO cannot be used it would be best to give the participants some 
standard FORMAT statements to use so the discussion of FORMAT can still 
be postponed. The schedule is shown allowing 11/2 hours for the introduction 
and vocabulary of FORTRAN before the break and about the same amount of 
time for examples and answering any questions. 

The first afternoon the partiCipants will need a demonstration of the use of 
the keypunches,lIslerand computers. If the facUitleSfendlllemselves to 
open-shop operation, there is much advantage to letting the participants do 
their own card handling and button pushing (under careful supervision) for 
at least the first problem, so that they get a clear picture ofal! the steps 
involved in the process. We prefer to maintain open-shop operation through­
out the workshop, but some installations like to substitute in-out service later 
on. Careful attention to procedural details during this demonstration can 
anticipate and eliminate many questions that might arise when they start 
using the facilities. 

The remainder of the af~~~gon is devoted to their solution of problem 1. 
Adjournriienf1s"I1"fiite<fai-4;-aO. We have found through experience, however, 
this usually is around 5:00 with some participants desiring to work even beyond 
this. The problem is to shut them off~ 

The second morning the partiCipants need first a discussion of the solution 
of probleuiI,o'w'itli,oa:':p;riod after for asking any questions that have arisen in 
their minds. They should then feel a little confidence in their mastery of the 
material already presented as they have successfully completed their first 
problem and had their questions answered. They should be ready to accept 
with understanding FORMAT, the single hardest statement in F,QR~N.!......~".",,_ 
This presentation neeGs"close to 11/2 hours. After this a break is surely 
needed. 
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If the participants are to do the second problem the second afternoon a little ~/ 

background in theory and a presentatIon-of the proolem needs to follow the break. 

The afternoon can then be devoted to a workshop for problem 2. It may be 
desirable to~ha;e a· few keypunch operators available at tliis'-time to speed up 
punching of the complete programs for those participants who wish to use them. 
Several other keypunches should be available for participants who would rather 
punch their own and for all participants to make corrections and modifications. 

The la~"t .:t~~t.h~~:r:" ot.!.n~,~Jl~I.Jl,Q9..n the group should reassemble for a pre­
sentation of. problem 3. An optional workshop is scheduled for Tuesday evening. 
Manyparticipanfi111.ce to work in the evening to gain the maximum amount of 
knowledge during the three days. Presenting problem 3 at the end of the sem nd 
afternoon and the optional workshop gives the participants three options: They 
can come to the evening workshop and complete problem 2 if they need more 
time for it. They can come to the evening workshop and try to write, punch, 
and run problem 3 if they wish to get a head start. If, however, they wish to 
stay in their room they can get program 3 written and it can be punched by 
keypunch operators while they attend lectures the next morning. 

The first 45 minutes of the thit:~"_~~!!l!!!gJs much the same as the second 
mOrning. They again need a discussion of preceding day's problem and an 
opportunity for questions and answers. 

Since programmers and engineers are notorious for disliking to documentate 
their work, the supervisory personnel should be made aware of the value--indeed, 
the absolute necessity--of program documentation. This should take only 45 minutes. 
The participants now need '-fi'me-to-liirlsIi "their work on problem 3. This should 
only take 11/2 hours since they should all at least have their programs punched 
and some may have had several tries at debugging it. To finish the morning 
there is still one FORTRAN lecture remaining, to introduce them to subpro-
gram structure and Mon1t<?r" o~!~tion. 

The last day's luncheon would profit from a guest speaker as the participants 
now have sufficient knowfedge to understand a wlde"r"setof'concepts. The last 
afternoon the participants will do problem 4, which is a modification of a pre­
ceding problem (number 3 in this casefto' incorporate the use of a subroutine. 
This gives them a feeling for the use of subroutines in a minimum iimounf~of 
time. After this workshop 30 minutes is needed for a discussion of problem 3, 
30 minutes· for summary and recapitulation, and 15 minutes for closing so this 
workshop session must end at 3:15 and the institute can finish at 4:30 to allow 
travel time home. P..!,rtlficates ...... should be presented at the closing because of 
the psychological effect on both the participants and the companies who· spent 
the money to enable them to attend. 
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Now that the schedule has been completed the text and notes, staff and many 
other details must be decided on. Some of the texts we have used in the past 
are: 

Davidson, Charles H., and Eldo C. Koenig, Computers, Wiley, N. Y., 1966. 

Hamming, R. W., Numerical Method for Scientists and Engineers, McGraw­
Hill, N. Y., 1962. 

McCracken, D. D., A Guide to Fortran Programming, Wiley, N. Y., 1961. 

McCracken, D. D., and W. S. Dorn, Numerical Methods and Fortran 
Programming, Wiley, N. Y., 1964. -

Organick, E. I., A Fortran Primer, Addison-Wesley, Reading, Mass., 1963. 

The lecturers and guest speakers must be chosen with care. They should know 
a great deafabou'fthe""materfaI'"'Uiey are presenting and still be able to present it 
at a beginner's level. During the workshop session there should be many labora­
tory assfslants to help the participants with their problems. Care must be taken 
when these assistants are selected. If the assistants are too young and condescend­
ing in nature the participants will feel hesitant and embarrased about asking for 
help. The.~§A!t1tant§.~tnust be mature acting and very willing to help. With a 
group of 25 participants we have founCl1rae'sIra]:>le"fo""nave 5 assistants and 
2:.3 lecturers constantly available for questions and assistance."T1ie power-
ful diagnostics that FORGO supplies at run time as' well as compile time allows 
the participants to find many of their own errors. If it is not possible to use 
FORGO the number of lab assistants should be doubled. The time allowed for 
the completion of problems should also be increased. 

AdV'~;g,p."';t.d.1eJribution "()f texts and notes to all registered participants is very 
desirable. It allows the participants to do some advance preparation, and makes 
clear the level of background and experience expected. 

One thing we have learned from previous workshops is that it is important 
to keep the m~~m.!tics level from b~coming too high so the participants do 
not have to worry about ~derstaidf.ng··the"tlieory but can instead concentrate 
on FORTRAN. In a recent workshop we tried a problem in Differential Equations 
and found some of the participants were more confused by the mathematics than 
the programming. 

The workshop that has been planned in this paper has been aimed at a particular 
group. If the workshop were being planned fo~ business oriented personnel, an 
alternate list of possible problems is shown at the end. The topics of the theory 
leotures would also of course be ohanged. Since business oriented personnel 
are not as accustomed to analytical thinking as engineers, the problems should 
progress at a slower pace. SiID:u1a~ion of a traffic problem is a very good topic 
for a guest speaker and demon8t~ati~~N"on··tlie""'iii.chIne-·'6ut a'''Irttle deep for pro-
gramming. 
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if the workshop is planned as an in-house training program it is many times "'""_/' 
desirable to use only part of each day as the lecture" or workshop session as 
more time' is available between sessions for additional thinking and study. 

Actually I have said nothing about running the workshop. If it is carefully 
planned the workshop will run itself. 
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MONDAY Mornin« 

8:00 Registration 

8:30 WelcCDe 

8:4S FORTRAN 

10:lS Break 

10:3, FORTRAN 

12:00 Lunch 

MONDAY Afternoon 

1 :30 Demonstration of use 
ot the facilities 

2:00 Workshop Problem 1 

4:30 Adjourn 

MONDAY Evening 

6:00 Social Hour 

7:00 Dinner 
--Ques t Speaker--

SCHEDULE 

l~ FORTRAN Workshop 

'IDESDAY Morning 

8:00 Discussion of Problem 

8:25 Questions and Answers 

8: 45 Further FORTRAN: F01f1AT 

10:10 Break 

10:30 Iterative Techniques 

11:30 Problem 2 Presentation 

12:00 lunch 

!OEDAY Afternoon 

1 :30 Workshop Problem 2 

4:00 Problem 3 Presentation 

4:30 Adjourn 

TUESDAY Evening (optional) 

7:00 Workshop finish Problem 
2 or start Problem 3 

MOTE: Coftee served during workshop ses sions 

c 

WEDNESDAY Morning 

8:00 Discussion ot Problem 2 

8:25 Questions and Answers 

8:45 Value of Documentation 

9:30 Workshop Problem J 

11 :00 Fllrther FORTRAN: SUBROUTINES 

12:00 lunch 
--Guest Speaker--

WEDNESDAY Afternoon 

1 :4, Workshop Problem 4 
a preceding problem 
modified to use subroutines 

3:1$ Discussion of Problem 3 

3:4S Summar.r ¢ Recapitulation 
4:1S Presentation of certificates 
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A TEN YEAR BUDGET PROJECTION 

( A Role for the Computer in Long-Range 
Planning for Educational Institutions) 

John A. Ferling 

Preface 

Since its founding in 1947, Claremont Men's College, an independent 
four-year liberal arts college, has prepared several long-range plans for 
its future. These plans, as well as recent applications for grants to the 
Ford Foundation, have included ten-year budget projections. The computa­
tions necessary for the budget projections were carried out on a desk cal­
culator. 

The author of this paper has prepared a program for the IBM 1620 
which carries out these computations in minutes rather than days. This 
program has enabled the college to study the budgetary effects of changes 
in items ranging from the expected inflation to percentage of tuition in­
comes for scholarships. With the help of the computer Claremont Men's Col­
lege has explored the feasibility of several plans. Special consideration 
was given to the question of optimal size. The program discussed in this 
paper has been written for a specific college and hence changes will be 
necessary before it can be used by another institution. S. Tickton1 has 
discussed projections of this kind in great detail without using computers. 

~chine Requirements 

The program is written in UTa Fortran for 8 20K 1620 and uses card 
input and typewriter output. Special features are not required. 

Information Required and Discussion of Program 
( 

The information to be supplied by the administration includes: 

A. Per year for the next ten years 

1. Number of students 
2. Tuition charge 
3. Allocations for scholarships as percentage of tuition income 
4. Student-Faculty ratio 
5. Percentage increase in administrative salaries 
6. Percentage increase in average faculty salary 
7. Total percentage increase in development office salaries 
B. Total percentage increase plant maintenance salaries 
9. Total percentage incre8se in business office and stUdent 

welfare expenditures 
10. Total percentage increase in library expenditures 
11. Expected inflation 
12. Expected gifts to college 
13. Rate of return on endowment 

1 Sidney G. Tickton, Long-Range Planning: ! ~ StUdY, pp.13B-16l, in 
Financing Higher Education 1960-70, McGraw Hill, New York, 1959 
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B. For first or present year 

Salary total and non-salary total for 

14. Administration 
15. Admission 
16. Registrar 
17. Instructional (excl. faculty salaries) 
18. Dean of Students 
19. Deve lopment 
20. Plant Maintenance 

and 

21. Average Faculty Salary 
22. Physical Education non-salaries 
23. Miscellaneous 
24. Certain Fringe Benefits (called "Insurance Fudge" in program) 
25. Library (Total) 
26. Business Office (Total) 
27. Student Welfare (Total) 
28. Initial Endowment 

In addition to this information, estimates of the marginal cost per 
additional student for certain salary and non-salary expenditures are needed. 
These estimates are denoted by was (weight on growth salary) and WGNS (weight 
on growth non-salary), respectively, and are expressed in percent. The weight 
on growth for salary items in the sample projection given below is 50 percent. 
The salary total for the admissions office for 8 student body of 1000 is 
$30,000.00, i.e.,$30.00 per student. The addition of 50 students for the 
second year would then increase the salary totll by $750.00 (50% of 50 times 
$30.00). However, this amount is not allocated to the admissions office 
since one would not employ a fraction of an admissions officer. These $750.00 
are allocated to a fund called "General Administrative Growth Allowance". The 
salary total of the admissions office is only increased by the percentage 
increase in administrative salaries which is assumed to be 5% in this pro­
jection. This yields the $31,500.00 entry for the second year. Several 
other salary items (Registrar, Instr. Non-Fac., Stud. Dean) are treated in 
the same fashion. The resulting amount in "General Administrative Growth 
Allowance" is also increased by 5 percent (percentage increase in adminis­
trative salaries) and is equal to $4,077.22 in the second year. The item 
"Administration Salaries" (president and assistlnts) is assumed not to be 
effected by a larger student body, whereas "Administration Non-Salaries" 
is. The weight on growth, WGNS, for several non-salary items in this sample 
is 75 percent. M8ny of these are also subject to the I-percent inflation 
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increase. MOst of these computations are carried out by means of a "Pro­
cedure" containing a multiplier which makes it possible to increase, decrease 
or remove the effect of the growth factors and inflation to suit the assump­
tions of the planner. A study of the source program, which will be supplied 
by the author upon request, will indicate which changes effect the individual 
entries. 

Auxiliary enterprises such 8S dining hall, dormitories, and bookstore 
are assumed to be essentially self-balancing items. A more intensive use 
of existing classroom facilities will make the addition of extra buildings 
not absolutely necessary. However, since it is relatively easy to find 8 

donor for a building which would be named after him, it is expected that a 
classroom building will eventually be added. 

The program computes per year for the next ten (or nine in certain cases) 
years the following: 
Tuition income, scholarship allocations and number of faculty; salary and 
non-salary expenditures for administration, admission, registrar, faculty, 
dean of students, development and plant maintenance; expenditures for physical 
equcation, business office, library, student welfare, fringe benefits and 
miscellaneous; gifts to ·current operations used to balance the budget and 
endowment at end of year. 

Since the output is under control of 8 sense switch, the effects of 
various changes in input data can be studied without having to wait for a 
complete typeout. A complete output is given below. The data used are 
fictitious. 
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TEN-YEAR BUDGET PROJECTION FOR A COLLEGE 

INPUT AND OUTPUT 
(INPUT DATA ARE UNDERLINED AND APPEAR AGAIN I N OUTPUT) 

(FICTITIOUS DATA) 

WGS WGNS 
S0.00 75.00 

NO. OF STUDENTS 
1000. 1050. 1075. 1100. 1125. 1150'. J]~5J-! -~0 r2"~..! 1'-25'0: 1_~ ____ 

TUITION 
~! ~ 1600. lm: lZH.: tl.Z5.t 1.1& 1~JL. TUITION INCOME 

1500000. 1627500. 1720000. 1815000. 1912500. 1983750. 2012500. 2130000. 2160000. 2250000. P.C.FOR SCHSH. 

}HI 14.00 14.00 J5.00 }H 1 . 16.50 1.7.00 18.00 J.~ SCHOLARSH~ ~ .... --
195000.00 227850.00 240800.00 272250.00 296437.50 317400.00 332062.50 362100.00 388800.00 416250.00 STUD.-FAC. RATIO 

12.00 12.20 12.40 li:~1 1~ 12.90 12.90 .13.50 J3.5 NO. OF FACUL TY 
83.33 86.06 86.69 87.30 89.28 89 .. 14 89.14 88.88 88.88 92.59 

SALAR I ES 
P. C . INCR., ADM. 

~ 5.0~ ,~ t~1 4.00 
~ 4.0@ ,5.00 5':00 ADM I N I STRAT ION 

62000.00 6«;100.00 68355.00 71772.75 74643.66 77629.40 80734.58 84771 .31 89009.87 93460.36 ADMISSION 
30000.00 31500.00 33075.00 34728.75 36117.90 37562. 61 39065.12 41018.37 43069.29 45222.75 REGISTRAR 
1Z0~0.00 17850.00 18742.50 19679.62 20466.81 
212 5.48 22136.90 23243.74 24405.93 25626.22 

INSTR. NON-FAC. 
2S2~~.0~ 26460.00 27783.00 29172.15 30339.03 
31552.59 32814.70 34455.43 36178.20 37987 . 11 STUD. DEAN 
Z!lZ3·S~ 22179.15 23288.10 24452.51 25430.61 
2 447. 3 27505.74 28881 .03 30325.08 31841.34 

o 
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ADM.SAL.GR.ALLOW • 0 . O0 4077 .. 22 6421 .63 8990.28 11 687 · 37 
14585.84 15169.27 21236.98 22298.83 29267.22 

P.C. INCR.,DEV. 
'"~~ .20·11 .tII t.I t.-H 4~ ~!"'~.,- ~ DEVELOPMENT 

822i~·00 98682.00 103616.10 108796.90 114236. 74 
11 B8 .20 123558.44 128500.77 133640.80 140322.84 

p • C. I NCR. P • M • 

dI 6.00 lLl 4~~H 4.~ 4. 5.00 -~ 5._ ,~,.~.,,-PLANT MAINftRANCE 
m00 67310.O0 74714.1O 77702.66 80810.77 

3.20 88245.36 92657.62 97290.50 102155.03 
P • C . I NCR. FA C • 

. O0 7.00 Z·II HI ~:II £B '$-:01 ~ ,.~ 
FACULTY-AVERAGE 

155S!'~~ 13375.00 14311.25 15313.03 16384.94 
1 2 . 1 18064.4O 18967.62 19916.OO 21110.96 

FACULTY-TOTAL 
1041 666. 1151127. 1240693. 1336852. 1462941 . 
1533707. 1 610392. 1686011 . 1770311. 1954719. 

NON-SALARIES 
P.c. INFLATION 

--aJJ. WI L.3i L...3J 1::;1 
1 .00 LH .I..:n L..St J. , 

• ADMINISTRATION 
]~!~~.~~ 10100.00 10231 .30 10364.30 10499.04 
10 04.03 10710.07 10817 . 17 10979.42 11144.11 

ADMISSION 
lJ ilm~. ~~ 11526.62 11895.40 12275.98 12668.73 
13035.33 13165.68 13795.99 14002.93 14745.96 

REGISTRAR 
21 4S·00 2247.69 2319.60 2393 .81 2470.40 
2541 .89 2567.30 2690.21 2730.57 2875.46 

INSTR. NON-FAC. 
53120.01 ~6~~31~' 48331 • 13 49877.43 51473.19 

54 57.17 55203.74 57846.62 58714.32 61829.85 
STUD. DEAN 

324~.00 3400.35 3509.14 3621 .41 3737.27 
384 .42 3883.87 4069.81 4130.86 4350.06 

P.E. 35844.46 31123.00 32613.01 33656.42 34733.21 
36881 .71 37250.52 39033.89 39619.40 41721.70 

MISC. 
44693.99 45275.'2 

iHH:" 43554.23 44120.43 
46185.04 46646.89 47346.60 48056.79 

C'I 
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PLANT MAINTENANCE 
0 1 49500.00 49995.00 50644.93 51383.31 51978.26 

52489.96 53014.86 53545.01 54348.18 55163.48 
DEVELOPMENT 

4~n'·"" 43430.00 43994.59 44566.51 45145.88 
4 .34 46053.31 46513.84 47211.55 47919.72 

INSURANCE FUDGE 
16666.66 17385.24 17739.75 18896.48 18748.28 
18906.41 19095.47 19230.52 19518.98 28637.26 

P.C.INCR.B.O.-ST.WELF • 
. 00 4.00 4.08 4.20 ~:il £]I gJ £JI £11 

BUS. OFFICE 

~t'R':~S 54080.00 56243.28 58605.41 61242.65 
67263.05 70424.41 73241 .39 76171.04 

STUDENT WELFARE 

~!nf:" 62668.32 65175.05 67912.40 70968.46 
77944.94 81608.35 84872.69 88267.59 

P.C. INCR.,LIBRARY 

LIBRARY 
rlI HI l.:.!fJ 7·SI 7. ~:II ~II 

86000.00 92020.00 98461.40 185353.69 112728.44 
120619.43 129062.79 138097.18 147763.98 158107.45 

ENDOWMENT 
RA TE OF RETURN 

5.00 HI tIl til HI ~ 
GIFTS .. 

900010.01 9i'S"·00 ~IIIII:SS aISSI:U UIIIIS:g INIT~41IRR'IIT 150 ""."" 
800.8.0. 

ENDOW. INC. 
4225"8. 465279. 589494. 579489. 634333. 
6684"'. 733184. 798814. 868395. 942824. 

GIFTS TO CUR. OPe 
694"8.26 98787.3' 95862.79 953'2.19 13'697.38 

154332.71 187481.'4 158381.32 211415.2' 315817.1' 
ENDOWMENT AT END OF YEAR 

883'591. 9689884. "594121 • 11598719 • 12668.22. 
13913691. 15226289. 165679'8. 17956493. 19441476. 
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JUNIOR COLLEGE INSTRUCTIONAL TESTING PROGRAM 

Prepared by the Computer Center Staff 
Miami-Dade Junior College 

With computers installed or on order for the vast majority of colleges 
and universities, educators must decide on the us .... of this power,ful 
instructional and administrative.aid. The cost of a computer installation 
represents a large item in the institution's budget,and in moat junior 
colleges sufficient funds are not available for two computer installations; 
one for administrative work, and one to support the instructional _program. 

By developing a computer concept of providing a computer center with 
the responsibility of processing administrative work and scheduling classes 
for instruction, a more extensive and modern computer can be made ·available. 
The Miami-Dade Junior 'CoIregena's aevelopea this centralized computer concept 
and the results have been most encouraging. 

As is indicated on the organizational chart, all instruction in the center 
is the responsibility of the coordinator of computer science, which includes 
a business and scientific option two-year occupational program. Administrative 
service is the responsibility of the manager of data processing. Some 
seventy-four administrative programs provide a wide variety of services for 
the college, and one that has made the greatest impact on the faculty as a 
whole has been the program of .test writing and test scoring. 

The responsibility for workin; withthevar:Lous departments within the 
college is assigned to the systems analyst. He works withtheper,sonnel 
within the departments to establish procedures that may be handled in the 
computer center. After the precise input and output have been determined, 
flollwfCharts are developed and the writing of the programs is assigned to the 
programmers. 

Miami-Dade Junior College began test scoring on the IBM 1620 in the 
Winter Term of 1962. Professor Joseph Duerstock under.to,ok a rewriting of 
the program to overcome several operational diffic.ultiesand bas developed 
five versions of the test scoring program now in use. Our college enrolled 
over 13,000 students this past fall,and over 40,000 tests were scored and 
analyzed using our system. 

An automated test scoring system provides a partial solution to the 
ever-increasing demand on instructional staff by transferring test scoring 
and test analysis to machines. 

The application of modern computer systems to test scoring provides a 
rapid method of grading large numbers of tests while accumulating statistical 
data that heretofore could only be gathered through tedious error-prone 
manual calculations. Not only will computers provide this information as 
part of the normal processing, but mathematical formulas which were infre­
quently used because of their complexity nowprov.ide valuable data for use 
in the analysis of tests. Thus, it is possible to reduce the work load of 
the faculty and, at the same time, produce data that can be used to improve 
the tests. 

Miami-Dade Junior College's test scoring system had been designed t.O 
accollDllodate true-false or multiple choice answer tests. The main restriction 
in the construction ofehe"tes't' is that,there~vcan-.,be-,.only one correct answer 
to each test question. Thus, most objective test questions can be readily 
adapted to the system while those with more than one answer can be rewritten. 
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c:; (See sample test question formats.) 
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Equipment requirements necessary to implement this test scoring system 
are as follows: 

1. IBM 1620 Computer Complex 
2. IBM 407 Accounting Machine or IBM 1443 Printer 
3. IBM 519 Document Originating Machine 
4. IBM 026 Card Punch' 
5 • IBM 082 Sorter 

Because of the different machine capacities and features of the 
1620 complex, several versions of the test scoring system were developed. 
The test scoring system is comprised of two totally independent, wholly 
compatible, units which are called (1) the test writing p:rogramand ... -C2-) .... the 
test scoring prQgram. . ", . 

The former'programwas designed to use the data processing equipment to 
relieve th"e~"''fyping work 'of the secretary. The benefits of this procedure 
became evident during the ever-occurring semester-end rush to prepare the 
final examinations prior to the deadline of the duplicating department. 
Once the questions to be used were dete~ined, the entire job of machine 
proceSSing and preparation of the mats for duplicating was completed easily 
within thirty minutes. This processing often included tests that contained 
several hundred questions--a difficult task for any secretary or secretary 
pool to perform on short notice. 

An additional advantage of the system is accuracy. Once correctly typed, 
the test questions are duplicated with no typing errors and the computer plans 
all spacing to insure that no question would be split across pages. The 
computer also causes every sheet to be identified by a heading and a page 
number. 

The test questions are converted into the proper card format for 
processing, using an 026 card punch. This file is then reprocessed on the 
IBM 1620 computer to create a master proceSSing file that contains all 
questions, each one of which has a unique question number. The instructor 
selects the desired questions by number and records this information on a 
sheet of paper. The operator enters the numbers into the computer, and the 
computer compares each card to find the corresponding questions. The data 
from the processing file is transferred in slightly altered form with all 
of the identification deleted to another card. These output cards are 
consecutively numbered to facilitate sorting in the event the cards get out 
of order. 

ThefinaJ,"~,~~P.!§. ,~h~, ~J;_~.~~.~er.c:)f the test from the output cards to 
some form for duplicating. The IBM 407 accounting machine or the IBM 1443 
printer is used to produce the final printed test on continuous form offset 
duplicating mats. Ditto mats may also be used if fewer copies are desired. 
If necessary the regular 8ingle form mimeograph masters may be used in the 
same manner as they are used on a typewriter. The ribbon must be removed 
from the machine. 

'lBE TEST SCORIRG PROGlWI 

This portion of the system provides the method through which the tests 
are graded and the analysis generated. Since one of the priJaary reasons for 
the use of cmaputers for scoring is speed, considerable progr8llllling effort 
was devoted to reducing the processing time per test: card. The following 
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scoring speeds were obtained using version five of the test scoring system, 
·with an IBM 1443 printer for direct output. 

1 card test 50 questions 236 students per minute 
2 card test 100 questions 128 students per minute 
3 card test 150 questions 88 students per minute 
4 card test 200 questions 62 students per minute 
5 card test 250 questions 54 students per minute 

Perhaps the most interesting thing that this chart shows is the 
relationship between the maximum speed of the computer inpu..t(250 cards 
per minute) and the output (240 lines per minute) to the number of cards 
per student • It can be seen that the process is outputboun.~ for one card 
test and in2ut bound for all ot~~'!d£~e,Jes. Therefore'~' additional improvement 
in processing -speedWou1cr~require faster input/output devices rather than 
improved programming. ( 

The most C!,!,~J~~,!p~rt of the test scoring program is the marking :.of 
cards by students; however, experience has shown that the students readily 
adapt the required techniques when properly instructed. 

Though the principle of the mark sense card is the same as that of the 
well-known 8% by 11 inch scoring sheet', there are two significant differences: 

1. A student cannot mark two responses to the same question without 
discovery. This is handled by either of two methods, depending 
upon the equipment available for use: 
a. If a fully equipped 519 document originating machine is 

used, only one of the marks is accepted for scoring and 
the second causes the punching of a digit in card 
column 9 of the answer card. This digit is later used 
by the computer to generate an error message as·sociated 
with the student's grade. 

b. 'If the 519 does not have this feature, both marks will 
be punched into the card. Double punching may form an 
invalid character which will cause the computer to 
stop during the processing of that card. Thoughthis 
process will catch the error, it also causes~he 
computer to become inoperable to the extent that the 
program must be reloaded and processing restarted from 
the beginning. This is the most convincing reason for 
using the full capacity 519. 

2. The cards must be carefully handled so that they are not bent or 
frayed.when processed. 

MARK SENSE PUNCHING 

Mark sense punching, though not a new innovation, provides a highly 
accurate method of recording and scoring student answers and, at the same 
time, provides two records of the student t S respons·e--theorlgina1 pencil 
mark and the punched hole generated from that mark. .Thissystem insures 
that no student can change an answer (the mark) on the card and confront 
the instructor with an error in his score because the computer failed to 
function properly. The hole cannot be changed by·the student. 

The reliability of mark sense punching is excellent if the £acuIty and 
students are properly introduced.to the correct manner of:marking the cards. 
Mark sensing is being used successfully in colleges., hlghschoo1s, junior 
high schools, and even in the lower grades. FavQrab1e results can be achieved tf~ 

~. 
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by insuring that: 
1. Only special Electrographic pencils are used to mark the mark sense 

positions. 
2. All marks are dark and completely filled, but do not extend beyond, 

the position outline. 
J. Ink is used to write any other information on the card that is 

required. 
4. Only one response is marked for anyone question. 

INSTRUCTOR HEADER CARD 

MONTH DAY YEAR 

cO::>cO::>cO::>cO::> cO::>cO 0::> cO cO::> cO::> cO::> cO:'" 

MIAMI-DADE JUNIOR COLLEGE c l::>cl::>cl:::>cl:::> cl::>cl l:::>cl cl:::> cl ::>cl ::>cl::> 

c2::>c2::>c2::>c2::> c2 2:::>c2 c2::> c2:::>c2::>c2::> 

c3::>c3::>c3:::>c3::> c3 3::>c3 c3:::> c3::>c3::> 

z c4::>c4::>c4::>c4::> c4::> c4 c4::> c4::>c4::> 
0 
i= cS::>cS::>cS::>c5::> cS::> cS cS::> cS::>cS:::> c 
:; 
w 

c6::>c6::>c6::>c6::> c6::> c6 6::>c6::> c6::>c6::> I: • • c c 7::>c 7::>c 7::>c 7::> c7::> c7 7:::>c7::> c7::>c7::> 
w COMPUTER CENTER 

• I: 
COMPUTER TEST SCORING SYSTEM c8::> c 8::>c 8::>c 8::> c8::> c8 8::>c8::> c8::>c8::> ;) 

·0 
0 c:9::>c9::>c9::>c9::> c9::> c9 9::>c9::> c9::>c9::> 

• 7 •• 1011 1213141511 ~a~~~~~».~~~~~.~ •• ~~~DM •• ~~ •• ~uaM •• ~ •• ~Hn~=~M~nn • 

The Jnstructor fills in one of these cards for each class tested. The 
sequence number, date, and the total number of questions are recorded by the 
instructor in the appropriate mark sense positions. The total number of 
questions is the total of those questions to be scored, not the numerical 
value of the highest question number. It -is used to check that the marks on 
the key card(s) punch properly. For example: If a thirty question test were 
given and it was desired to delete question number ten, the instructor would 
s~ply not give number. ten an answer on the key card and then enter the number 
twenty-nine on the instructor header card for the total number of questions. 
This feature does not insure that the proper responses have been marked. but 
rather that there is a mark for each question to be scored. Having to reprocess 
• test because the instructor failed to use the Electrographic pencil properly 
is prevented by this checking procedure. The use of the instructor header card 
is not mandatory. but if used. total number of questions must be entered in 
first instructor header card following the key card(s). 

272 



STUDENT ANSWER CARD 
(Front Side) 

USING SPECIAL. PENCIL, MARK 
APPROPRIATE BUBBLES TO INDICATE 

w ; STUDENT NO. USE ONE COLUMN 
00:: FOR EACH DIGIT OF THE NUMBER. 

~ ~ cO::>cO::>cO::>cO='cO::>cO:::>cO::> 
::>1 
(J::> 
~ Z C l::>c l::>c l::>c 1 ='cl::>c l::>c 1::> 

SruDENT ANSWER CARD 
SEQUENCE 

NUMBER 

cO::>cO::>cO::>cO::> 

5 5 5 5 5 5 5 S ~. 555:5::555555555 

3 3 3 3 3 3 3 3 3 ~ 3 3. 3, 3 J 3 3 3 3 3 3 3 3 3 3 

2222222222222222222222222 
PUNCH ANSWERS 26 -50 

1 1 1 t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ill 1 1 1 

MIAMI-DADE JUNIOR COLLEGE 

The student enters his last name, first name, middle initial, student 
number, ana sequence number on the appropriate lines preferably using a pen •. 

.. The special pencil could be used if the student is careful not to allow:a stray 
mark to cross into the area of mark sense positions where the student n~e~ 

. is recorded. 
Using the special pencil, the student then marks his student. numb.er and 

class sequence number into the designated area making one mark in eachof·the 
appropriate vertical positions. All zeros, including leading ones, must be 
entered. The program checks each position of the student number for a mark and, 
if any of the seven positions are blank, an invalid student number is generated 
and the processing of the card is terminated. Consequently, th~ student will 
have miss ing answer cards if the tes t uses more than one answer card,. ·Thi.s 
proc'edure is necessary to prevent the accumulation of an incorrectt,ot$J -~~or~ 
if two consecutive students completely omit their student numbers. . , . 

, .... 
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4. 10 20 30 40 50 
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I~ 10 20 30 40 50 
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~ 

26. 
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~ 35. '0 20 30 40 50 
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:0 
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~ 42. 10 20 30 40 sO 
Z 43. 10 20 30 40 sO 
J 44. 10 20 30 40 sO 
~ 4S. 10 20 30 40 50 
~ 46. 10 20 30 40 50 
~ 47. 10 20 30 40 50 
~ 48. 10 20 30 40 sO 
~ 49. 10 20 30 40 sO 
r 10 20 30 40 so. 
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A ...... E, ITUDE .. T .. UIIIER A .. D SEOUE .. CE NU .. I'" ARE TO II WRITTE .. I .. 
INK IN THE OUIINATEO .,ACES ON THE ANSWEII CARD . 

... THE INDIVIDUAL', STUOE .. T NUMIEII .. UST BIt MAIIKED I .. THE IIESPECTIVE 
IUIILE POIITION' UIING THE SPECIAL IIARKI ... PENCIL. INSUIIE THAT 
ONE AND ONLY ONE IUIILE IN EACH VEIITICAL 1I0W "MAIIKEO. IN 
PAIITICULAIt, IUIILES AT THE ZEIIO POSITIO .. MUST IE MAIIKEO- NOT 
LUT ILA ••• 

2. I NSTRUCTOR HEADER CARD 
A ... AIIK THE SEOUE .. CE NUIIIIEII AND DATE ON THE CAIID. 

ICEY CARD 
(Front Side) 

SEQUENCE 

NUMBER 

c 0:::> c 0:::> cO:::> cO:::> 

cl:::>cl:::>cl:::>cl:::> 

I. ANY .. U .. IER 0' SEOUENCES .. AY IE SCOIIED USING THE SAME KEY CARDISI. c2:::>c2:::>c2:::>c2:::> 
C. IIIAIIK, IN THE APPROPRIATE PLACE, THE TOTAL NUMBER OF QUESTIONS 

WHICH ARE TO IE SCORED. • 

c3:::>c3:::>c3:::>c3:::> 
3·A• K IIIEAYRKC:H~DCORRl:CT A .. SWEIIS 0 .. THE CARD. PUt~CH ANSWERS 1-25 

FORMULA 

444.4"4~4444.4444444444444 
c::::::::> RIGHT ONLY 

3333333333333333333333333 
c::::::::> RIGHT-WRONG 

2222222222222~222222222Z2 
PUIfCH AHSWE~-fleIl2W 

1111111111111111111111111 
a~ •••• a~M~.~~.~~~w ••• 

:: ~""SEU::I~~:! !::R~:::::~~:~~ ~~~TO~~CIT~IOON .. I!~~:~~~·OT TO IE c4:::>c4:::>c4:::>c4:::> c:::::::> R-I/4W 

'COUD .. U'TIlLEFTILAN., 113" 5 $ 1 S 91anl213I4~161'718"202In2S~"MIAMI-DADE JUNIOR COLLEGE 
D. ~~LII:::. CA.DI MUST HAVE THE DUIRED CORRECTlO .. 'ORMULA c5:::>c5:::>c5:::>c5:::> 

ARRANGEMENT OF TEST CARDS ________ THE FRO~T5 ts5 555 555 555 5 5 555 5 5 5 5 5 5" 5 
4. THE SIDE WHICH CONTAINS THE .. AlliE 0 .. THE CARD. THE CAllOS ARE c6:::>c6:::>c6:::>c6:::> , 

PIIOPULY 'TACUD I .. THE CORNU CUT II TO THE UPPER U;'n ~~ 4 4. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44 4 4 4 
:O~~O .. ~:: I o~!.:it "_E

A 
~~~: 01' THE CARD. THE CARDS MUST BE IN THE C 7:::> C 7:::> C 7:::> C 7;:J 

!: ~~~::RN~~S~ill CUD AHUD 0' EACH CLASS. 2 2 : 3 2 3:.1 1 2; :: ;; 3 3 3 3 3 3 3 j 3 3 3 3 3 
c. STUDEnT A .. Iwn CUD 'OLLOW' ... THE APPIIOPRIATE CLASS HEADER c8:::>c8:::>c8:::>c8:::> 

CUD. 2 2 2 2 2 2 2 2 2:' 2 2 2 2 2 1 2 2 2 2 2 2 2 2 
c9:::>c9:::>c9:::>c9:::> CO".UTEtt CENTER 

11 1 j 1 11: 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 COMPUTER TEST SCORING SYSTEM 
D~Ba~aa.~~D~zS~ ••• ~ua~e.~ ••• ~RUM •• U ••• ~UDM •• W •• ~nnnua~ n~~. 

The!!!8tru~!.~r marks the desired correction formula .2!! ... ~h~.key card by 
filling in the appropriate mark sense position. If no foumula i8 marked, the 
computer a88\DOeS "right only." If the instructor wi8he8 to U8e one of the 
remaining formulas, all of the key cards should be marked as the computer 
processes thi8 mark only from the fir8t key card entered for the test group. 
All figures are calculated to give the benefit of the doubt to the 8tudent, 
that ia, percentage8 are half-adju8ted upward; or, when a correction formula 
i8 used, the fractional portion of the subtrahend. u.ed to correct for gue8aing 
are dropped. 

OUTPUT LISTING 

Page one of the output listing showa ODe line of print for each student. 
The student number, number right, number wrcmg, and the number of queations 
with no answer are listed. The last column listed is the percentage and ia 
calculated by dividing the number right by the total number of questiona. If 
a correction formula is used, the percentage column is changed to reflect the 
adjuated score. Statistics are based on the number right if no correction 
formula i8 specified, or the adju8ted number right when a correction fo~la 
ia uaed. 

ERROR STA'rEMEBTS 

ER 4 Student ia mi •• ing ODe or more answer cards. All 8tatistics for 
the student are ignored and no grade is aasigaed. 

ER 3 - The student has marked more than one answer on one or more 
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questions. The instructor should examine the student's card 
to try to determine if the double marks were intentional or 
a legit~ate mistake. 

ER 2 - The student has two or more answer cards with the same test 
section number. ER 4 will normally be listed along with this 
error. 

Student Number Invalid - This statement appears with an asterisk to 
the left of the student number if the student fails to fill 
in one or more of the student number mark sense columns. The 
computer will automatically substitute a zero for any digit 
missing from the student number. 

Student Number XXXXXXX has improperly marked test section number on 
answer card - The student number of the person who made the error is 

inserted in the X'd space by the program. It is possible for 
the statement to be blank or to appear with a partially filled 
number if the student number is also improperly marked. The 
card is not scored. 

The item analysis provides a tabulation for the responses to each item 
of the· test. An asterisk marks the correct response and is determined by 
the answers provided by the key card(s). The mean, median, standard 
deviation, sum, and sum of the squares, as well as the number of test questions 
and teats graded, are given at the bottom of the last item analysis sheet. 
Individual scores which were deleted because of errors are not included in 
the statistical analysiS. 

The last column (R) is a point biserial correlation between the respon.e 
to .ach item and the score·made on the test. It is not the purpose of this 
paper to debate the significance of R for various testing situations; however, 
a number of interesting properties of R are immediately evident. 

If a significantly high value of R is found for an item, it follows that 
the studenta who anawered the item correctly had the better scores on the test. 
However. this is no assurance that the question measured that which was intended. 

A zero value from one of the following conditions: 
1. All students anawered the item correctly. 
2. All students missed the i,tem completely. 
3. The correlation was equal to zero or so near zero 

that the only significant digit. were values less 
than three decimal places. 

The distribution is presented in two forma. A numerical listing ia liven 
showing the frequency for each score. omitting all scores with a zero frequency 
value. The last column contains the cumulative frequency for the convenience 
of thoae who assign grades based upon class standing. 

A histogram i8 generated to provide a graphic illuatration of the 
diatribution. The horizontal axis represents the score aDd the vertical 
axis the number of atudents. The computer adjusts the scale of either 
axea in the event that more than SO questiona are used, or in the event 
there are more than SO people that score a particular grade. Thua the 
hiatOlr .. , like the other portions of the output, alwaya fit a an 8% z 11 
inch p&le. 

Vera ion I 

AVAILABLE TEST SCORDG PROGIAII VlUlmfS 

- For 40X .. chine. Bas it .. analyaia, _an, median, 
ataDdard.deviatiOD, total uu.ber of queatioaa aDd 
t~at8·graded. Distribution baa both frequency aDd 
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cumulative (equal to or greater than) frequency 
distribution by score and a biserial coefficient of 
correl~tion is calculated for each ite. of the 
analysis. Program can be reinitialized by recalling 
from the 1311 disk drives or by reloading from cards 
following the grading of each test group. 

Version II - Similar to Version I except a histogram plot is 
generated for visually representing tbe di,stribution. 
Part of the program is overlaid automatically fran 
disk or manually from cards. The program is ~n two 
parts--scoring and analysis. 

Version III - For 60K machine without disk drive. Similar to 
Version II except total program is contained in core,. 

Version IV - For 20K machine with disk drive. Program is limited 
to three cards (150 questions) and scoring speed is 
somewhat reduced for tests that h$vemorethan one 
card. Program is overlaid from disk to produce the 
same analysis as Version II. 

Version V - For use with the 1443 printer to permit direct 
printing of output, and the '1311 disk drives to 
permit automatic overlay of the analysis routi,ne and 
reinitialization. In other respects, the system i. 
~imilar to Version II. 

DETAILED MACHINE FEATURES REQUIRED FOR TEST SCORING PROGRAM 

1620 Central Processing Unit with following special features: 
1. Automatic divide 
2. Transmit numeric fill (TNF) 
3. Transmit numeric strip (TNS) 
4. Indirect addressing 
5. Move flag (MF) 

1622 Card Read-Punch (either Model 1 or Model 2) 
519 Document Originating Machine with: 

1. Mark sensing -- 27 positions 
2. Double punch-blank column detection device 
3. The following features provide additional checking capabilities 

and ease of operation. Xbey are strongly recommended, but are 
not absolutely required. If onl, one of the twoc,an be secure4, 
the selectors are preferable:. 
a. Four selectors -- allow the panel to be wired to eliminate 

the possibility of punching a double-maJ;'ked response. 
b. Punch emitter -- provides ease in operating the machine 

and in wiring the control panel for the punching of the 
mark sense cards. 

1443 Printer or 407 Accounting Machine -- If the accounting ,machine 'is 
used, only an 80-80 list board with a carriage skip to ,channel 1 
from column 80 first read is needed. 

'026 Card Punch --'No special features required. 
082 Sorter -- No special features requi~ed. 
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ACCEPTABLE TEST QUESTION FORMS 

1. Multiple Choice: 
How many characters comprise the alphabet. 

1. 9 
2. 10 

- 3. 26 
4. 39 
5. 47 

2. True-False 
Florida is known as the Sunshine State. 
- 1. True 

2. False 
3. Multiple-Multiple Choice 

Testing procedures should include 
A. Test writing 
B. Grading 
C. Evaluating 
D. Giving A Grades to all students 

1. A and D 
2. B, C, and D 
3. B only 
4. A, B, and C 
5. All of the above 

TEST WRITING PROGRAM STEPS 

This is a detailed description of the steps used in the test writing 
system, starting with the questions already written. 

1. Each test question is transcribed to IBM cards uSing the following 
card format. 
1-10 blank in all cards 
Format for question cards: 
11-80 contain the question. If it is necessary to have two or more 

lines for the question, the succeeding lines also start in 
column 11. 

Format for response cards: 
16-17 contain the response number and a period. 
20-80 contain the response. Additional lines for responses start 

in column 20. 
An 11 (-) punch is placed in column 11 of the card that contains the 
correct answer. This mark is later printed on the instructor's copy 
of the test and greatly facilitates the marking of the key card. Of 
course, the mark does not appear on the student's copy. The punching 
of the cards can be done either by a card punch machine or by a Friden 
flexowriter which produces a paper tape that can later be converted into 
card form. 

2. A card that contains an 11 punch in column 7 is placed between each 
test question to signal to the computer the end of that question 
group. 

3. The cards from step 2 are then processed by the computer using option 
zero (0) of the test writing program. This process creates a new file 
of cards and, in addition to copying columns 11-80 of the input carda, 
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consecutively numbers the cards of each test question while punching 
a unique number for each question. During this same processing, a 
two digit code is punched into all cards. which is used to identify 
the subject of the test questions. The end of the question card 
(11 punch in 7) is deleted at this time and the identification punch 
is transferred to column 1 of the last card of each questi,on group. 

4. The output from step 3 forms the master processing file and is now 
used to do the actual test prepatation. A listing of this output, is 
prepared showing both the unique number for each question and the 
subject code. The question and subject code for each desired question 
is recorded by the instructor and turned oVer to the machine operator. 
After loading the program, and selecting the correct program option (3), 
the operator merely enters the desired question numbers into the 
computer by the typewriter and the computer then produces the selected 
questions sequentially numbered and in a form which can be listed 
easily on the IBM 1443 printer or IBM 407 accounting machine. The test 
questions can be selected in different sequences in order to produce 
multiple forms of the same test if the classes are large enough to 
require this method of control. 

THE TEST WRITING PROGRAM PROVIDES THE FOLLOWING OPTIONS 

OPTION 0 (Zero) -- Construction of the Original File 
This option converts the cards from the format as outlined in part 1 
of the preceding section into the form for use in processing step 3. 

OPTION 1 -- Update the File Produced by Option 0 
Questions may be deleted or added to the processing file. Any questions 
to be added must be in the same card format as the processing file. 

OPTION 2 -- Convert File to Paper Tape 
Option 2 allows the processing file to be punched on paper tape to 
provide a duplicate record of the test question file as a protection 
against loss or destruction. 

OPTION 3 -- Test Writing Program 
The computer selects from the processing file those questions that the 
operator enters from the typewriter. This is the option that prepares 
the test for use in the classroom. 

OPTION 4 -- Goof Switch 
Console switch 4 is used to allow the operator to correct any erroneous 
information entered into the computer program through the typewriter. 

TEST WRITING PROGRAM -- CARD FORMAT OF PROCESSING DECK 

1-3 Question number 
4-5 Subject code 
6-7 Sequence number within question 

8 Department code 

.,) 

9 This digit identifies all cards that belong to one part of the questiDn. 
All cards that comprise the question contain a zero. Those belonging 
to response ,I contain a 1 punch, etc. 

11-80 Contain an exact duplication of the input cards for Option O. 
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MDJCTD 3/27/64 
DAPI0IJAD 

MIAMI-DADE JUNIOR COLLEGE 
COMPUTER LABORATORY 

TECHNICAL DIVISION 

PAGE 1 

1-1. WHICH OF THE FOLLOWING IS NOT A FUNCTION OF TOP MANAGEMENT IN A DATA 
PROCESSING UNDERTAKING. 

1. APPROVAL 
2. DIRECTION 
3. CO-ORDINATION 
4. OPERATION 

2-1. THE DATA PROCESSING MANAGER OF A LARGE EDP INSTALLATION WOULD MOST 
LIKELY HAVE AS A JOB TITLE 

1. TAB SUPERVISOR 
2. TAB OPERATOR 
3. CO-ORDINATOR 
4. TAPE JOCKEY 

3-1. ANALYSIS OF SYSTEMS, PROGRAMMING, LIAISON, PROCEDURES AND 
DOCUMENTATION, AND CONVERSION REPRESENT 

1. PLANNING AND DEVELOPMENT FUNCTIONS 
2. OPERATIONAL FUNCTIONS 

ANY COMMENT CAN BE ENTERED AFTER A GIVEN QUESTION THRU THE TYPEWRITER 

4-1. WHICH OF THE FOLLOWING GROUPS SHOULD RECEIVE NO TRAINING OR INDOC-
TRINATION PRIOR TO THE INSTALLATION OF AN EDP SYSTEM. 

1. MANAGEMENT 
2. PROGRAMMERS AND SYSTEMS ANALYSTS 
3. OTHER EMPLOYEES 
4. NONE OF THE ABOVE 

5-1~ THE COMPANY INSTALLING AN EDP SYSTEM WOULD PROBABLY NOT KEEP 
1. A GENERAL PRE-INSTALLATION SCHEDULE 
2. AN APPLICATIONS DEVELOPMENT SCHEDULE 
3. A COMPUTER MANUFACTURING PROGRESS SCHEDULE 
4. A PROGRAM DEVELOPMENT SCHEDULE 

6-1. AN ASPECT OF PREPARATION FOR AN EDP SYSTEM WHICH IS MOST FREQUENTLY 
OR EASILY SLIGHTED IS 

1. PROGRAMMING 
2. CONVERSION 
3. TESTING 
4. DOCUMENTATION 

7-1. THE PUNCHED CARD METHOD OF ACCOUNTING WAS DEVELOPED ABOUT 
1. 1886 
2. 1765 
3. 1916 
4. 1936 o 
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W Hi CH OF THE F 0 L LOW I N GIS NOT A F U NC T ION 0 F TOP M AN AGE MEN TIN A DAO·.T ~ .. " 
PROCESSING UNDERTAKING. 

1. APPROVAL 
2. DIRECTION 
3. CO-ORDINATION 
4. OPERATION 

TH.E DATA PROCESSING MANAGER OF A LARGE EDP INSTALLATION WOULD MOST 
LIKELY HAVE AS A JOB TITLE 

1. TAB SUP ER V I S OR 
2. TAB OPERATOR 

- i 3. CO-OR 01 NATOR 
4. TAPE JOCKEY 

ANALYSIS OF SYSTEMS, PROGRAMMING, LIAISON, PROC~DURE5 AND 
DO~UMENTATION, AND CONVERSION REPRESENT 

1. PLANNING AND DEVELOPMENT FUNCTIONS 
2. OPERATIONAL FUNCTIONS 

WHICH OF THE FOLLOWING GROUPS SHOULD RECEIVE NO TRAINING OR INDOC­
TRINATION PRIOR TO THE INSTALLATION OF AN fOP SYSTEM. 

1. MANAGEMENT 
2. PROGRAMMERS AND SYSTEMS ANALYSTS 
3. OTHER EMPLOYEES 
4. NONE OF THE ABOVE 

THE COMPANY INSTALLING AN EDP SYSTEM WOULD PROBABLY NOT KEEP 
1. A GENERAL PRE-INSTALLATION SCHEDULE 
2. AN APPLICATIONS DEVELOPMENT SCHEDULE 
3. A COMPUTER MANUFACTURING PROGRESS SCHEDULE 
4. A PROGRAM DEVELOPMENT SCHEDULE 

AN ASPECT OF PREPARATION FOR AN EDP SYSTEM WHICH IS ~OST FREQUENTLY 
OR EASILY SLIGHTED IS 

1. PROGRAMMI NG 
2. CONVERSION 
3. TESTING 
4. DOCUMENTATION 

THE PUNCHED CARD METHOD OF ACCOUNTING WAS DEVELOPED ABOUT 
1. 1886 
2. 1765 
3. 1916 
4. 1936 

THE FIRST PUNCHED CARD APPLICATION WAS 
1. PAYROLL 
2. STATISTICS 
3. INVENTORY 
4. A 0 DR E S SING 

o 
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0019901XO WHICH OF THE FOLLOWING IS NOT A FUNCTION OF TOP MANAGEMENT IN A DATA 
0019902XO PROCESSING UNDERTAKING. 
0019903Xl 1. APPROVAL 
0019904X2 2. DIRECTION 
0019905X3 3. CO-ORDINATION 
-019906X4 - 4. OPERATION 

0029901XO THE DATA PROCESSING MANAGER OF A LARGE EDP INSTALLATION WOULD MOST 
0029902XO LIKELY HAVE AS A JOB TITLE 
0029903Xl 1. TAB SUPERVISOR 
0029904X2 2. TAB OPERATOR 
0029905X3 - 3. CO-ORDINATOR 
-029906X4 4. TAPE JOCKEY 

0039901XO ANALYSIS OF SYSTEMS, PROGRAMMING, LIAISON, PROCEDURES AND 
0039902XO DOCUMENTATION, AND CONVERSION REPRESENT 
0039903Xl - 1. PLANNING AND DEVELOPMENT FUNCTIONS 
-039904X2 2. OPERATIONAL FUNCTIONS 

0049901XO WHICH OF THE FOLLOWING GROUPS SHOULD RECEIVE NO TRAINING OR INDOC-
0049902XO TRINATION PRIOR TO THE INSTALLATION OF AN EDP SYSTEM. 
0049903Xl 1. MANAGEMENT 
0049904X2 2. PROGRAMMERS AND SYSTEMS ANALYSTS 
0049905X3 3. OTHER EMPLOYEES 
-049906X4 - 4. NONE OF THE ABOVE 

0059901XO THE COMPANY INSTALLING AN EDP SYSTEM WOULD PROBABLY NOT KEEP 
0059902Xl 1. A GENERAL PRE-INSTALLATION SCHEDULE 
0059903X2 2. AN APPLICATIONS DEVELOPMENT SCHEDULE 
0059904X3 - 3. A COMPUTER MANUFACTURING PROGRESS SCHEDULE 
-059905X4 4. A PROGRAM DEVELOPMENT SCHEDULE 

0069901XO AN 
0069902XO OR 
0069903Xl 
0069904X2 
0069905X3 
-069906X4 -

ASPECT OF PREPARATION 
EASILY SLIGHTED IS 

1. PROGRAMMING 
2. CONVERSION 
3. TES T I NG 
4. DOCUMENTATION 

FOR AN EDP SYSTEM WHICH IS MOST FREQUENTLY 

0079901XO THE PUNCHED CARD METHOD OF ACCOUNTING WAS DEVELOPED ABOUT 
0079902Xl - 1. 1886 
0079903X2 2. 1765 
0079904X3 3. 1916 
-079905X4 4. 1936 

0089901XO 
0089902Xl 
0089903X2 -
0089904X3 

THE FIRST PUNCHED CARD APPLICATION WAS 
1. PAYROLL 
2. STATISTICS 
3. INVENTORY 

0089905X4 4. ADDRESSING 
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I 
1,1 

Ii ------------------

DATE 
-:--:---------::-:-::--:-:-:-:::---::::---:-:::-=--~~=-~=:---:-~:-=------------ -. --

04/16/64 MIAMI-DADE JUNIOR COLLEGE 
SEQ 4172 COMPUTER LABORATORY 

~"~-'-.--.---~""-'''''~ ...... ,.--_. --,'--

STUDENT NUMBER NUMBER NO PER----_ ... _--.. _- .-~ '-'--------------N UM B E R STUDENT NAME RIGHT WRONG ANS CENT 
Q 

~----------------

0298325 52 48 0 52 
0760714 25 56 19 25 
1019448 48 49 3 48 
1605231 29 67 4 29 ------_.- . 

1647911 39 61 0 39 
1800106 65 34 1 65 ----,,--- --"------"---- 2 343836- 77 , 23 0 77 
2417329 63 36 1 63 
2618043 40 58 2 40 
2695433 51 48 1 51 
2721826 68 32 0 68 
3242714 53 43 4 53 
3296833 79 21 0 79 
3646443 56 44 0 56 
3711731 71 28 1 71 
3715941 46 52 2 46 
3726436 34 62 4 34 
3728531 57 42 1 57 
4105026 44 55 1 44 
4184543 54 45 1 54 
4573521 37 62 1 37 
4756026 40 60 0 40 ------------------ ._.---
5002821 67 31 2 67 

---- -- -----.... --.-~ .. -- - _ .. 
0047206 53 45 2 53 
0288421 51 48 1 51 
0602041 58 40 2 58 
1024806 33 66 1 33 -----------
1416711 58 42 0 58 
15 3l~4.l ___________________ '_ 37 60 3 37 
1760831 43 56 1 43 
1822026 15 22 3 15 
2104443 58 40 2 58 
216~121 ----.~ 65 35 0 65 
2730223 43 55 2 43 
2763631 50 46 4 50 
2783706 55 44 1 55 
3051010 37 54 9 37 
3053426 45 55 .0 .. 5 
3278106 59 37 4 59 
3407846 53 45 2 53 
3578216 44 56 0 44 
3604023 75 23 2 75 
3TI1711 61 33 0 67 
3791611 45 55 0 45 
43~O211 73 26 1 13 C-, 4383133 64 35 1 64 
4834426 71 26 3 11 
4856606 53 42 5 53 
5103131 10 29 1 10 
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-.---.- .. -... ---.----.. -.--.--........ _-_ .. _--_._----------1 

-_ ..... _-.- .. __ ._---_ .. _ .. _----_._ .... __ .-_._. -_._-._----------------------
DATE 04/16/64 MIAMI-DADE JUNIOR COLLEGE 
SEQ 4177 COMPUTER LABORATORY 

~------ .. --- - .... _- -.. -~.--.~---~---.-~--~~-~~~~~~~~~ 

STUDENT NUMBER NUMBER NO PER-
-. -NUt~fB 'fR -- .. -.. ---sf'UD'E~it NA M E -------. --'-lfI G H T ---W"R-O'-N'-G-'" -A--N-S --C-E-N-T-------t 

ER 4 *0042407 S tTfoENT NUMB ER I NVAL I D 0 0 0 0 
ER 4 *0042407 STUDENT NUMBER INVALID 0 0 0 0 
---·--·---··---·~IT~·----------·--·-- ----~~--3~8~~~0~~~6~2~~~~~~ 

ER 

ER 

ER 2 

0265938 
"0 -If.lJ 833"1+- .. ··- -. 

0719341 
1021817 
1112831 

4"'1142226' 
1210041 

. 2748816-
3328636 
3'365 i16"-- . ------
3708436 .. - ._.-', -3·S991·3i-·_· .. · .. ··· 

4 

4037106 
. -- .. -,_._, -,,_.,. --

4267931 
4429911 
4538431 
5054811 51"34935' -"'~' '-"~' -.. 
5156246 

71 29 0 71 
.... --..... --- -----------r-6P""""S ----...3>7", 4-----.1..----r6S---------..,....j 

55 43 2 55 
.. 09 29-··----·---7-- -.. --··...,6,..-,;19...----------1 

66 32 2 66 
. - .. · .. ·----...... · .. ---'-·-.. ·- .. ···-·-·0-···--.. · . "'-0-- . 0 0 

60 39 1 60 ----_ .. _ .... _._----::--._----=------,--------,--------1 
62 37 1 62 
53 47 0 53 -... -.-.-.- .. -........ ~.- .. ---... ----- 68 31 1 68 

69 28 3 69 .... _-- ------.--.----- -~--~~-~--~--------t 
65 35 0 65 
37 45 18 37 .... --.------.... -.--_ ....... _-_._ .. _.----.:-==--_----=:..=--_--=-::.--_------1 

55 45 0 55 
68 32 0 68 
47 52 1 47 
000 0 

·----5·4 .. · 45 1 54 

. ._ .... _ ..... _. ______ .. ___ ._.~_~ _______ ..!~ __ . 0 _._64~ _____ __II 

.-.. ------~--------.---------------

... -.-. -- - . .- .-'-"" .. -".-..... ... _.-.... _-_._---_. __ .. _-_._--------------------------1 

,..-. -.. -- ... --. --... ---------.. --.--.-... ---.----------------------11 

-_._---_._ ... _----._------_ .. _._-----------....... 

-... -.. ----- ..... _ ..... -.- .. ----- .. ----.---~- ------.- -------------4 
....... _---------_._-_._-

-.. -- ... --- -.----... -..... -- .-.-.-... ----... --.-.--------.. --- ------------------11 

--------_ ..... --_._ .... __ ... -.....,----_._---_._-------------------------
-- _._---------._-_._._.- ...... _.----_ ....... _----------------------. 

.. _._--_ .... _. -"'_." -_. _ .... _._._---_ .... _._._ .. _ ... _ ...... _---------------. 

-----_. __ ._-_ .... _._ .. --_._-------------------------------------
.... - -----_ .... '--''''''-'' "-"--- ... _._-----_ .. _- -_._-----

o .. " ... " .. _ .... -"- . . "". -_ ... __ ._ ...... __ ....... _ .... " .. -.... _ .. -._ ......... _ .......... -........ _---_ ..... _---------

.. ' .... - .- _._ .... _-_._-_ .. _---- .. _ .. -... _ .. -.- -_ .... _---_ .. _ .• _----------------------
... ._- -' .. - --_._._._--- ---_._. __ ._.- - -
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. " .. ~ ..... -............................... ~----.-- ................ -...-..-_._ •.• __ .•••• __ • ___ .••• ,-'0--'--, •.. __ ",,,~ __ .. c., .,.~_. __ 
-,~ -._" .~---.----.---------

II 
:,'l 
i l 

---_. -._- I 

~ ... ;~·I:A'"lH6AO~;~!.'dtm·IOR,·\ COl LEG E • DATE 04/16/64 
J~.Q~~!~eo_.~.~,~QUENC ES. 4tlXX ;. tOMPUl'E.R ... L'8dRATO~Y 

",('" , 

ITEM _. __ N/A 1 2 3 4- '" 5 R U 

1. 4 123 692* 16 451 14 0.155 
2. 1 474* 359 305 217 4' 0.209 
3. 6 542 549* 56 132 81;, 0.j30 
4. 9 458* 212 130 322 235 O. 30 
5. 1 342 102 281 162 466* 0.245 
6. 5 332 152 26 841* 10 0.346 
1. 0 993* 286 28 25 34 0.410 ._---,--------------
8. 5 191 44 1 10 . 1103* 0.218 
9. 3 338* 940 30 21 28 0.159 

10. 3 92 1049* 140 48 34. 0.341 
11. 3 140 29 27 1141* 26 0.316 

~~-~---r2. 5 57 68 86 21 1129* 0.331 
13. 2 31 13 40 1010* 210 0.255 
14. 1 655 418* 10 73 83 '0.219 
15. 1 117 205 68 885* ' 84 0.260 
16. 10 .508* 225 212 113 238 0.216 

____ 1 7 • __ ~ __ ._ .. ,, ___ 1_. 184 641* 55 20 465 0.266 
18. 2 114 292 861* 18 13 0.311 

________ . __ .~~'l~ ______ . ____ . __ 2.. ___ .... _ .... __ .. ~9.~_* 249 130 17 13 0.314 
20. 3 120 814* 64 88 217 0.315 

-.-~.- .. ""....~~~- ~ 14~ ~3!t* lQ3 lZ 'lg~ Q.Z22 
22. 5 565 174 222 315* 85 0.135 

-.~ .. - .. 23. .. --.---~ 29~ 91 93 113* 1Q2 0.282 
24. 3 66 520* 411 98 262 0.154 
25. -.---.----. 1Q 3~ ~a 21 120 1133* 0.22~ 
26. 6 79 341 810* 51 13 0.250 
21. 2!! 311 316 ~SO* lOt.. 33 O.22!t 
28. 8 88 60 411 697* 42 0.162 

------~. 10 91 ~5 ~~ 10Bl* 83 0.198 
30. 5 90 155 42 1023* 51 0.229 

_ ___ 3 1 • ___ ._ ..... _. . ___ ..ll 89Z* 40 161 24S 11 0.339 
32. 3 211 269 570* 39 208 0.233 
33. 4 181 91 314 698* 12 0.290 
34. 3 291* 51 27 611 311 0.333 

_~_. ____ . ___ .~ 5_~_._. ___ .. 22 91 1102* 32 21 92 0.241 
36. 2 210 57 251 598* 182 0.403 

_'-- __ .. __ __"-_c ~J~ ' __ 8 1030* 153 11 26 78 0.424 ._-_ ... __ ._---_. 
38. 380 180 316 181 254* 49 0.011 
39. 29 334 452* 

~ -------._--_. -' ----.... ---.~-
305 160 86 0.421 

40. 15 115 391 91 116* 578 0.051 
41. 23 92 1043* 18 30 100 0.269 
42. 10 136 101 134 640 345* 0.330 
43. 11 583 41 43 342 340* 0.349 ------_._ .... --' -.. _----------_.-.-... _- -,,--_.-
44. 12 22 343 289 148 492* 0.379 
45. 118 115 394 14 644. 21 0.105 
46. 26 445· 101 51 380 363 0.221 

I 41. 11 261 690* 98 137 163 0.221 ---- . 

48. 1 191 51 567 547. 9 O~318 

0 -.-- .. _. __ 4 ~~ .. _ ------- 1 18 22 961. 43 315 0.203 
, 

I 50. 6 413 154 29 683· 81 0.315 
I 

.-_._. __ .. _._-
, 

I 
I 

I 
I 
I 
, 
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'----.. '·'-D-ATE'-;;;:O:-;-It--./-.:-l-=-6-.1-=-64~------=M~I A-=-M;-:-cI=----::D=-:A~D::-::E~J~U=-:-:N:-=I-=O=-R-C=-O=-:L:--:L--:E=-::G::-::E:-----------

COMBINED SEQUENCES 41XX COMPUTER LABORATORY 

4:) ITEM N/A 1 2 3 4 5 R 
.,-- _._-_ ..... _-----------------'--. ---------

51. 2 51 41 1202* '63 1 0.188 
52. 2 82 1094* 13 41 68 0.355 
53. 4 776 135 253* 104 94 0.239 
54. 10 258 401* 235 61 395 0.245 
55. 4 68 119 162 765* 188 0.406 
56. 2 100 79 209 184* 192 0.317 
57. 2 229 136 117 196 686* 0.413 
58. 3 354 10 88 109 742* 0.410 
59. 11 176 338* 632 147 62 0.132 
60. 8 202 276 166 663* 51 0.304 
61. 7 395 133 709* 21 101 0.293 
62. 4 61 56 548 585* 112 0.017 
63. 5 234 171 737* 112 101 0.376 
64. 1 409 250 61 628* 11 0.238 
65. 7 864* 237 143 108 7 0.401 
66. 1 11 35 1074*41 198 0.281 
67. 3 154 97 75 924* 113 0.319 
68. 5 182 913* 176 88 2 0.267 
69. 8 156* 158 206 92 146 0.196 
10. 6 252 103 14 218* 113 0.071 
71. 5 429 455* 113 24 340 0.329 

------72. - 1 89 118 953* 160 45 0.363 
13. 4 29 150 844* 256 83 0.426 
14. 4 141 173 29 10 1009* 0.259 
75. 11 319* 114 311 551 60 0.352 ---------------------------------------------------76. 7 194 1001* 15 25 124 0.369 
17 • 30 504* 260 75 91 400 0 • 11 7 
78. 11 200 702* 179 228 46 0.166 
79. 11 588* 94 268 135 270 0.373 
80. 5 14 556* 108 136 541 0.321 
81. 21 187 832* 118 169 39 0.221 
82. 5 347* 58 463 311 116 0.250 
83. 5 66 1090* 45 81 19 0.264 
84. 3 438 128 643* 134 20 0.266 
85. 13 881* 35 323 ,58 56 0.353 
86. 4 163 663 144 215 171* 0.018 
81. 12 426* 393 233 295 1 0.232 
88. 405 251* 143 184 211 166 0.309 
89. 24 591* 432 28 251 40 0.301 
90. 15 111 368 366 392* 54 0.166 
91. 29 63 395 699* 158 22 0.339 
92. -----··11--------111--· 770* 110 310 54 0.275 
93. 10 51 17 203 1034* 51 0.184 

-. cj4.-~---- 41 --------·918*--· 63 9465 185 0.290 
95. 128 27 159 998* 37 11 0.304 
96. 34 491* 121 305 180 223 0.198 
97. 5 294* 250 186 299 332 0.261 
98. 4 179 163 865* 102 53 0.214 o ib~: -.-- ! ---~-~-j----.---=-2-~-0---I-~;c...;;~0--~-*----1...;:..~-:-----2-~-~-*--~-:-~-~-~--

. ------ ----
MEAN- 50.982 
MEDIAN- 51 NUMBER OF QUESTIONS = 100 

' .. STANDARD DEVIATION- 12.544 NUMBER OF TESTS GRADED = 1366 
SUM 69642 SUM OF SQUARES 3765338 ------------------------- ----------
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DATE 04/16/64 
COMBINED SEQUENCES 41XX 

MIAMf-DADE JUNIOR COLLEGE 
COMPUTER LABORATORY ... . ~ .. - ...... .... 

DISTRIBUTION 

SCORE FREQ CUM FR:EQ 

. 8 5 • ·····4 .. .....- -'.' .. "'""4"--'" .... _-_ ......... __ ._ .......... - .. -.-.---.. -.-~.---~-------~.---

84. 1 5 
82. ! 8 
81. 3 11 
80. 3 14 
79. 3 ... _ ... _.' .. 1.7. 
78. 7 24 
77. 7 31 
76. 9 40 
75. 9 49 , 
74. 12 61 

.. , _ J~.~ _... ,. _J_~ I~ ........ 
72. 10 86 
71. 17 _lP3 
70. 18 121 
69. 19 _140 .. 
68. 17 157 
61. 19 116 
66. 19 195 
65. 28 ?23 
64. 14 237 
63 • 1 7 .. ? ~ .~_ ..... 
62. 33 281 

.. (?_t!. _ ...................... ~J __ ._ .. _. . .. _~ 0 L .... . 
60. 28 336 
59. 3~ 371 
58. 35 406 
51. 2~ 4~O 
56. 40 470 
55. 41 511 

- .. - -'--""-.-- ,-_ .. ---
54. 46 557 
53. 40 597 
52. 35 632 
51. 53 685 
50. 40 725 
49. _}7 ................. I~? __ 
48. 48 810 
47. 29 ~~9 
46. 44 883 
45. 33 916 
44. 32 948 
43. 49 997 _. - ------ - ~ ..• _, -. __ ._-----_. ---.- .. ---~-".--- "--'''-- .. -

42. 38 1035 
41. 32 10~7 
40. 34 1101 
39. 39 1140 
38. 24 1164 
37. 26 1t9Q_ 
36. 27 1217 
35. 29 1246 
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SUGGESTIONS FOR SPeAKERS 

1. BE WELL PREPARED - Your entire paper should h~ve been completed 
well in advance of the meeting. This will allow sufficient time 
for having the manuscript completely typed to be turned in to the 
Program Qlairman at the meeting. In addition, all supporting -
materials such as slides mld transparencies should be prepared 
and checked before your presentation. Examples, if used, should 
be chosen to best illustrate the points which you wish to make. 

2. BE AS CONCISE AS POSSIBLE - Your purpose in presenting the talk 
is to convey information to your listeners. Anything extra is 
probably unnecessary. Your criterion should be"'h~ther or not 
the added material will cOlltribute to this transfer of infonnation. 
In particular, long stories involving personal experiences and 
long jokes should be kept for bull sessions. 

3. SPEAK CLEARLY AND DISTINCTLY - In order to be understood, you must 
be heard! To be heard, you must face the audience and speak 
directly to them. Good eye contact is necessary. Your presentation 
should be at a rate slow enough to be clearly understood, and 
with sufficient volume to be heard throughout the room. If a 
microphone is available, use it and speak directly into the mike. 
Try to keep the distance between you and the ~ike constrult. 
Varying this distance will cause a variation in the volume as heard 
by the listener. 

4. USE THE BLACKBOARV AS LITTLE AS POSSIBLE - The blackboard is 
generally unsatisfactory for conveying information to the listener. 
If the blackboard is used at all, several pitfalls should be 
avoided. The speaker should take care not to talk while facing 
the blackboard. He should also take care to ,<!rite larue enough 
and clearly enough so that the material can be read allover the 
room. This is especially critical in large rooms. If much 
material is to be illustrated, it should not be put on the black­
board at all. Slides and transparencies are much more satisfactory 
for illustrating parts of your presentation. 

5. SLIVES AND TRANSPARENCIES SHOULD BE WELL PREPAREO - A good presenta­
tion can be ruined by sloppy slides! The infonnation on the slide 
should be readable from the real" of a fairly large room. This is 
particularly true with respect to slides used for presenting papers 
at general sessions. Too inany people make the mistake of including 
too much material on a slide. Remenlber, visual aids are used to 
explain or illustrate certain specific points in your talk--not 
to give a visual display of tile entIre talk. Remember that a 
criterion here is to have only those points on slides which will 
be directly referred to and will be needed for clarifying your 
presentation. It is very disconcerting to the listener to have 
slides cluttered with information and only one or two references 
made to the material contained thereon. 

6. USE HANVOUTS LIBERALLY - In spite of our impressions as to how 
good our presentations are, it is still very true that the spoken 
word is soon forgotten. In particular, when light conditions are 
low, it is difficult for listeners to take notes. Written material 
in the fonn of handouts generally serves the purpose of making your 
talk remembered and of allowing people to have reference to such 
material at a later time. The handout can be as lengthy as you 
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wish it to be and can include the raft of material which should 
be left out of your slides and your oral presentation. In fact, 
additiooal examples are often helpful in handouts. If such 
handouts are prepared, it tight be wise to include the mailing 
address where the author or authors can be contacted ifadditiooal 
information is needed. 

7. STICK TO ALLOTTED TIME - Time is valuable anu all pa~rs must be 
presentedl By means of one or more rehearsals -;-You 5 oul(J""'Oe" well 
aware of the time required for your \ presentation. It should be 
of such a length that you will complete it two or three minutes 
ahead of the scheduled time. In that way, a few questions can 
be asked by members of the audience. IN NO CASE SHOULD YOU TALK 
LONGER THAN THE TIME ALLOTTEV FOR YOUR PAPER. Remember, when 
you exceed your time limit. you are depriving someone else of the 
opportunity to make his presentation. 

8. WRITTEN REPORT - For the purpose of reproducing your report in 
the Proceedings, have your paper typed single spaced. We have a 
limited amount of space; in order to present the paper~ and by 
being careful, the space can be well used. Do not include long 
program listings and long examples in your paper. It should, in 
no case, be longer than the oral presentation which you made. 
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