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Summary 

A computer program for the graphic representation of regression curves from two-dimensional data is presented. The program, 
written in BASIC, performs the fit and the graphic display of linear, exponential, geometric and polynomial curves. The program 
also performs mathematical manipulations of data producing graphic displays from the transformed data, as well as the calculation 
of several statistics (coefficient of correlation, coefficient of determination, sum of squares of the deviations and standard error of 
the estimate) for the different regression curves. 

Introduction 

The use of computers in scientific laboratories 
has increased significantly during recent years 
and computers are widely used in the everyday 
analysis of biomedical laboratory data. Most re- 
search workers like to see their data in graphical 
form. A simple perusal of the scientific literature 
shows that one of the most common ways of 
examining the relationship between two variables 
is the plotting of one variable vs another on a 
two-dimensional graphic. Such graphics consti- 
tute an effective means for presenting informa- 
tion concisely and clearly in final reports; they 
are also useful in assessing the fit of the data to 

known theoretical models (such as regression 
curves) and a very important aid in interpreting 
the data analysis. 

In this paper, we describe a computer program 
which produces graphical displays of two-dimen- 
sional data and performs mathematical transfor- 
mations of data, and thus is very useful in 
biomedical research. It is especially intended to 
help researchers working at these scientific labo- 
ratories. 

The Program 

The program *, which was developed on an 
IBM AT computer, has been written in GWBA- 
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* Readers who would like to obtain a copy of the computer 
program are requested to contact the author. 
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SIC using a very simple menu-driven system in 
which the user is guided through the options at 
any given stage. To help in understanding the 
program, the headlines of the different subrou- 
tines inform the user of their aim. Some of the 
program subroutines are based upon those devel- 
oped in a previous program (Veiga and Gutierrez, 
1991). 

One of the advantages of this program relies 
on the fact that the user has only to enter the 
scientific data following the instructions shown on 
the screen and the data will be saved in a file 
and, within a few seconds, a straight line fitted by 
the least-square method will be displayed on the 
screen. At this stage, the user, by simply pressing 
a key, can fit another curve to the data (exponen- 
tial, geometric or polynomial), perform a number 
of manipulations of the data (the computer will 
draw a curve fitted to the new points) or assess 
the fit of the data to the different regression 
curves. 

Once the user has entered his/her data, the 
program itself creates the corresponding scales 
for the axes, adjusting them to their optimal 
values for a good representation. If the scales of 
the axes are unsatisfactory, they can easily be 
changed by entering the desired values directly 
from the keyboard. The adjustment of the plot- 
ting scales allows one to zoom in on an area of 
interest. The user can obtain a hard copy of the 
graphic by pressing PrScr on the keyboard, and if 
an adequate word processing program is avail- 
able, the screen can be captured and included in 
a Fikdoc to be read and printed at any time. To 
improve the graphic resolution, when working 
with a computer with a VGA monitor, the cur- 
rent screen (640 X 200 pixels) can be changed 
into a VGA one (640 x 480 pixels) by pressing a 
key. In this case, since GWBASIC does not allow 
this high-resolution graphic, the program must be 
run by using an alternative and BASIC-compati- 
ble language (Turbobasic etc.). If other monitors 
are available, such as EGA, etc., the graphic 
resolution may be improved by modifying the 
values of S, Q, Yl, Y2 and WDW at program 
lines 31 and 29000-29020. The program has sev- 
eral other important features. Table 1 lists the 
different available options after plotting a graphic. 

TABLE I 

Main options 

Option Purpose 

Q Returns to the main menu (Quit) 

L(R) Fits a Linear curve to the data 

E Fits an Exponential curve to the data 

G Fits a Geometric curve to the data 

P Fits a Polynomial curve to the data a 

N Draws the points fitting No curve 

F Draws fitted curve From X, to X, b 

M Allows Mathematical transformations of the data ’ 

A Shows the Accuracy of the fit 

D Draws axes passing through (0,O) 

C Allows one to Change the scales of the graphic axes ’ 

s Changes the Screen resolution 

Y Allows extrapolation of the X values 

X Allows extrapolation of the Y values 

a Once this option has been chosen, the computer prompts to 

enter the required degree of the polynomial. 

b If this option is not chosen, the curve will be drawn along 

the entire XX axis. 

’ The mathematical manipulations available are: Lineweaver- 

Burk plot; Eadie-Hofstee plot; logarithmic plots; user-defined 

conversions. 

’ If (Enter) is pressed when the computer prompts to enter 

the highest and lowest values of each axis, the initial values 

for this axis will remain unchanged. 

’ Graphics obtained from options N, F, D and S are reversed 

by pressing the corresponding key again. 

Computations 

All computations carried out by this program 
are performed with double precision. All curves 
are fitted by the method of least squares. The 
available curves in this program are the following: 

Linear curve: Y=a+bX 
Exponential curve: Y=abx 
Geometric curve: Y=aXb 
Polynomial curve of 
degree n: Y=a,+a,X+a,X’ 

+ . . . a,X” 

When the program is run, the computer will fit 
the data to a linear, an exponential and a geo- 
metric curve and the corresponding values for the 
independent term (a), the curve slope (6) and the 
coefficients of correlation (RI will be calculated. 
If the user chooses to fit a polynomial curve to 



his/her data, the computer will ask him/her to 
enter the degree of the polynomial. Once the 
degree of the polynomial has been entered, the 
computer proceeds to set up a matrix of simulta- 
neous equations. There is one equation for each 
term in the final curve. The matrix is solved by 
Gauss’ method and the coefficients a,. . . a, cal- 
culated. 

The accuracy of the fit of the different curves 
to the data is estimated by calculating the values 
of the coefficients of correlation (R) and determi- 
nation (R2) and the standard error of the esti- 
mate (SE). After fitting the corresponding curves, 
the standard errors of the estimate are calculated 
from: 

/ 
SE = \ICD2/N 

where N is the number of observations and CD2 
(residual sum of squares) represents the sum of 
the squares of the deviations of observations from 
their corresponding calculated values: 

The value of R* is estimated using: 

R2 = qy- t)’ 
x(Y- q2 

where C( r - Y)* is the sum of the squares of the 
deviations of observations from their mean and 
C(Y- f.)2 is the sum of the squares of the devia- 
tions of the calculated values of Y from the mean 
of Y. 

Mathematical Manipulations 

Simple arithmetic calculations are frequently 
useful during analyses of biomedical data for a 
variety of reasons. One of the primary uses of 
simple calculations is for transforming data prior 
to analysis. There are many transformations and 
the reasons for using them depend on the data or 
analysis. Most of the time, such operations are 
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time-consuming and it is most advantageous to 
perform them directly without leaving the pro- 
gram. All mathematical transformations de- 
scribed in the present article are carried out by 
the program itself. To use this option, the data 
must be previously saved in a file. The available 
options on the mathematical manipulations menu 
are the following: 

Lineweaver-Burk plot 
Eadie-Hofstee plot 
Semilogarithmic conversion [Y + Log Y ] 
Semilogarithmic conversion [X + Log X] 
Double-logarithmic conversion 

[Y+ Log Y][X+ Log X] 
User-defined conversion 

As described earlier, when the dependent vari- 
able (Y) has a nonlinear relationship with the 
independent variable (X), the user can choose to 
fit his/her data to the other available curves. The 
nonlinear exponential (Y = abx) an,d geometric 
(Y = uXb> equations can be converted into linear 
ones by taking logarithms. 

Y=ubx dlogY=log u+log b(X) 

Y=uXb 3 log Y = log a + b(log X) 

therefore, plotting log Y against X (exponential) 
or log Y against log X (geometric) results in 
straight lines. Thus, if the data fits to an exponen- 
tial or a geometric curve, the user can choose a 
semilogarithmic conversion (exponential) or a 
double-logarithmic conversion (geometric) on the 
mathematical manipulations menu and the result- 
ing line will be plotted superimposed on the 
transformed data points. Semilogarithmic and 
double-logarithmic representations can be of con- 
siderable advantage for a rapid examination of 
the behaviour of different parameters (microbial 
growth, mutagenic activity, antibiotic activity, 
etc.). 

Other mathematical transformations of the 
data are those which lead to the Lineweaver-Burk 
and Eadie-Hofstee plots. They are widely em- 
ployed in the study of enzyme kinetics, since they 
allow the values of the Michaelis constant (K,) 
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and enzymatic velocities to be determined very 
readily. 

In the Lineweaver-Burk plot, the values of X 
and Y are transformed into their reciprocals, l/X 
and l/Y. The maximum velocity and the 
Michaelis constant are given, respectively, by V,, 
= l/a and K, = b/u. In the Eadie-Hofstee plot, 
the Y remain unchanged and the X are con- 
verted into Y/X. The corresponding values for 
V max and K, are V,, =a and K, = -b. The 
Eadie-Hofstee plot not only yields the values of 
V,, and K, in a very simple manner, but is also 
presents on a greatly enlarged scale deviations of 

the data as a linear representation, which is be- 
yond the scope of the Lineweaver-Burk plot. 

The user-defined conversion allows any trans- 
formation of the data, provided that such a trans- 
formation can be written in BASIC. Once this 
option has been chosen, the computer will prompt 
X = ?, and then Y = ?, demanding to write the 
equations in BASIC. To illustrate this function, 
imagine that the X represents temperature (in 
o C) and that the Y denotes the decomposition 
rate of a drug (Kobs) (in h-l). The user could 
choose, for instance, an Arrhenius plot of the 
logarithm of the observed rate of decomposition 

Fig. 1. Example of a typical plot. The data was fitted by the least-square method to a polynomial curve of degree 5. The data is 
fictitious. 

Fig. 2. The data from Fig. 1 was mathematically transformed to obtain a Lineweaver-Burk plot, and fitted by the least-square 
method to a straight line. The data is fictitious. 

Fig. 3. Set of data fitted by the least-square method to an exponential curve. The data is fictitious. 

Fig. 4. The data from Fig. 2 was mathematically transformed to obtain an Arrhenius plot, and fitted by the least-square method to a 
straight line. The data is fictitious. 



as a function of the reciprocal of the absolute 
temperature by writing the following equations: 

X= ? 1000/(X+ 273) 

Y= ? 10g(Y)/10g(10) 

All the X would be converted into ~/TX lo3 
(K), and the Y into log Kobs (h- ‘). 

This function cannot work in compiled lan- 
guages such as Turbobasic, since it is performed 
through a modification of the program itself by 
substitution of program line 4050. If the user had 
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chosen the previously mentioned transformation, 
line 4050 would appear as follows: 

4050 DEF FNX( X, Y) = lOOO/( X + 273): 

DEF FNY(X, Y) = LOG(Y)/LOG(lO) 

Finally, it should be pointed out that the pro- 
gram is provided with an error code subroutine to 
detect any wrongly conducted manipulation of 
the data or of the program itself. 

Figs l-4 illustrate four different graphics 

Fig. 5. Option L. Fig. 6. Option N. Fig. 7. Option E. Fig. 8. Option G. Fig. 9. Option P-4. Fig. 10. Option F. 



Fig. 11. Option C. Fig. 12. Option D. Fig. 13. Option M-l. Fig. 14. Option M-2. Fig. 15. Option M-3. Fig. 16. Option M-4. 

Fig. 17. Option M-S. Fig. 18. Option M-6. 



drawn after running the program. The four 
graphics were obtained from two sets of data. 
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Operating Instructions 

1209344 Bytes free 

Enter FILENAME (w/o extension) ? 

As can be seen, the data diskette in unit A has three files 

generated by this program. These files can be read at any 

time. To open a file the user has to enter the corresponding 

filename omitting the extension. 

Running the Program 

When the program is run, the following menu appears on 

the computer screen: 

SELECT OPTION 

I.- DRAW GRAPHIC FROM A DATA FILE 

2.- ENTER AND SAVE DATA 

3.- ENTER DATA w/o SAVING 

4.- MATHEMATICAL MANIPULATIONS 

5.- EXTRAPOLATION 

6.- ACCURACY OF THE FIT FOR DIFFERENT CURVES 

PRESS (ESC) TO END PROGRAM 

Introduction 

(I) The program was written to be used with any IBM com- 

patible computer. The data diskette must be loaded in 

drive A. The program itself may be installed in any unit 

(A, B, C, etc.). 

(2) The program was designed to work in Screen mode 2 

(GWBASIC, CGA monitor), Screen mode 9 (GWBASIC, 

EGA monitor) and Screen mode 11 (Turbobasic, VGA 

monitor). If other monitors are available, the values of S, 

Q, Yl, Y2 and WDW must be modified. If option S does 

not work, the user can try to modify these values. 

(3) Option 6 of the mathematical menu cannot work in com- 

piled programs such as those generated by Turbobasic. 

(4) In the figures shown in this manual, bold letters corre- 

spond to legends produced by the program. Normal let- 

ters correspond to entries typed by the user. 

(5) Any option in this program is selected by pressing the 
corresponding key. 

(6) All figures shown below were produced by the program 
from the data shown on page 8. 

(7) The files created by this program are termed with the 

extension .RTA. Each time the user wishes to open a file, 

the computer shows all files with the extension .RTA in 

drive A as follows: 

DIRECTORY 

A:\ 

COLI .RTA EMS .RTA MNNG .RTA 

At this stage, options 1, 4, 5 and 6 can only be used with 

data previously saved in a file. Therefore, when running the 

program for the first time, options 2 or 3 must be chosen. 

If option 2 is chosen, the following will appear consecu- 

tively on the screen: 

Enter NAME for this FILE ? 

Enter a REMARK (e.g. Fig. 5.- Glucose stan- 

dard curve) 

XX units ? 

YY units ? 

Number of points ? 

The user has to enter a filename and the number of 

points. The other entries can be typed or left without filling. 
An example is set out below: 

Enter NAME for this FILE ? CELL-N54 

Enter a REMARK (e.g. Fig. 5.- Glucose stan- 

dard curve) 

? Fig. l.- Cellulase activity from Strepto- 

myces N54. 

XX units ? min 

YY units ? U/ml 

Number of points ? 12 
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The program will then ask the user to enter his/her data, 

first the X values and then the Y values: 

Register No. 

I.- 

2.- 

3.- 

4.- 

5.- 

6.- 

7.- 

8.- 

9.- 

lO.- 

ll.- 

12.- 

X values 

10 

15 

25 

40 

50 

65 

80 

100 

125 

150 

175 

ANY CORRECTION ? (y/n) N 

Y values 

650 

1060 

1424 

1997 

2570 

2800 

3110 

3300 

3402 

3581 

3595 

3610 

Once this operation has concluded, the program saves the 

data in a file named CELL-N54.RTA and displays a straight 

line fitted to the data (Fig. 5). At this stage the user can select 

any option shown in Table 1. Figs 6-10 show, respectively: (6) 

no curve fitted to the data (option N); (7) exponential cmve 

(option E); (8) geometric curve (option G); (9) polynomial 

curve of degree 4 (option P); (10) curve drawn from X, to X,, 

(option F). 

If the user wishes to change the graphic scales, option C 

should be selected and the desired values will be entered as 

foliows: 

GRAPHIC AXES SCALES 

PRESENT VALUES: X max=200 Y max=5000 

X min=O Y min=O 

Maximum value for XX axis ? 200 

Minimum value for XX axis ? -200 

Maximum value for YY axis ? 5000 

Minimum value for YY axis ? -5000 

Once these new values have been entered, the program 

produces a graphic such as that shown in Fig. 11. 

If option D is chosen, then the program will produce the 

graphic shown in Fig. 12. 

Mathematical Transformation of Data 

If option M is chosen for option 4 in the main menu), the 

mathematical transformation menu wilt appear on the screen 
as follows: 

SELECT OPTION In cases where the Y units are given in logarithms, the 
I.- Lineweaver-Burk plot program itself will calculate the corresponding antilogarithms. 

2.- Eadie-Hofstee plot 

3.- Semitogarithmic conversion tYY=Log YYI 

4.- Semilogarithmic conversion EXX=Log XXI 

5.- Logarithmic conversion CXX=Log XX, YY= 

Log YYI 

6.- User defined conversion 

The plots produced after any mathematical transformation 

of the data can be saved into new files. Figs 13-17 show, 

respectively, the plots corresponding to options 1-5 on this 

menu. If option 6 is chosen the user will have to enter his/her 

transformations as in the following example: 

WRITE THE EQUATIONS IN BASIC 

X=? 1000/x 

Y=? -LOG(Y),'LOG(lO> 

and the programwill produce the plot shown in Fig. 18. 

This option can be chosen at the main menu (option 5) or 

at any time while the program is being run. It works after 

fitting any sort of the available curves. Thus, if a straight line 

is fitted to the data, when option Y is chosen, the following 

will appear consecutively on the computer screen: 

How many POINTS do you want to catcutate ? 3 

X range: 0...200 

Y range: 0...5000 

INPUT X values 

? 10 
? 20 

? 55 

and then the following: 

Y=1460.627+16.1565 X ~=0.8689 

X units: min 

Y units: U/ml 

X values Y values 

IO 1622.192 

20 1783.757 

55 2349.235 

PRESS ANY KEY TO CONTINUE... 
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The following example shows data extrapolation after 
semilogarithmic transformation of the data (mathematical 
menu, option 3) has been carried out: 

Accuracy of the Fit 

If option A is chosen (or option 6 at the main menu), the 
program will produce the following: 

Y=3.1285+0.0034 x R=0.7827 

X units: min 

Y units: Log U/ml 

X values Y values 
10 3.16203 
20 3.195573 

55 3.312971 

Antilog Y 

1452.212 

1568.817 

2055.753 

R R* r D2 Std. ERROR 

Of est. 

Linear 0.0689 0.7549 3020692 501.7213 

Exponential 0.7828 0.6127 6741316 749.5175 

Geometric 0.9707 0.9423 1595784 364.4669 

Polynomial 

Degree 2 .- 0.9839 0.9681 392743.1 lao.9io5 

Degree 3 -- 0.9979 0.9959 50557.84 64.9088 

Degree 4 .- 0.9997 0.9995 6968.991 24.0987 

PRESS ANY KEY TO CONTINUE... 
Degree 5.- 0.9999 0.9998 3437.437 16.9249 

PRESS ANY KEY TO CONTINUE... 


