
Polynomial Regression with SPSS 
 

 Bring into SPSS the data file Ladybugs_Phototaxis -- the data were obtained from scatterplots in 
an article by N. H. Copp (Animal Behavior, 31, 424-430).  Ladybugs tend to form large winter 
aggregations, clinging to one another in large clumps, perhaps to stay warm.  In the laboratory, Copp 
observed, at various temperatures, how many beetles (in groups of 100) were free (not aggregated).  
Although he reported a linear relationship between temperature and number of free ladybugs, I 
conducted a polynomial analysis and found that a cubic model fits the data better.  See Curvilinear 
Bivariate Regression .  Copp also investigated the relationship between phototaxis and temperature in 
ladybugs.  It is those data I shall use here to illustrate how to use SPSS to conduct a polynomial 
regression. 

 

 Temp 

Lighted 

Pearson Correlation .371
*
 

Sig. (2-tailed) .013 

N 44 

 

 Temp 

Lighted 

Correlation 

Coefficient 
.573

**
 

Sig. (2-tailed) .000 

N 44 

 

 Both Pearson r and Spearman rho show that there is a significant monotonic component of the 
relationship between temperature and number of free ladybugs – but wait, you should always look at a 
plot of your data before computing correlation coefficients.  Here is the plot: 

 

 
 

http://core.ecu.edu/psyc/wuenschk/SPSS/Ladybugs_Phototaxis.sav
http://core.ecu.edu/psyc/wuenschk/MV/multReg/Curvi.docx
http://core.ecu.edu/psyc/wuenschk/MV/multReg/Curvi.docx
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 Oh my, it appears that a curved line would fit our data much better than a straight line.  
Monotonic nonlinear transformations (such as ranking, SQRT, LOG, and -1/X) of independent and/or 
dependent variables may allow you to obtain a predictive model that has less error than does a linear 
model, but if the relationship between X and Y is not monotonic, a polynomial regression may do a 
much better job.  A polynomial has two or more terms.  The polynomials we most often use in simple 

polynomial regression are the quadratic, 2

21
ˆ XbXbaY  , and the cubic, 

3

3

2

21
ˆ XbXbXbaY  .  With a quadratic, the slope for predicting Y from X changes direction 

once, with a cubic it changes direction twice. 

 Please note that a polynomial regression analysis is a sequential analysis.  One first evaluates 
a linear model.  Then one adds a quadratic term and decides whether or not addition of such a term is 
justified.  Then one adds a cubic term and decides whether or not such an addition is justified, etc. 

 First we need to compute the powers of the X variable: 

COMPUTE Temp2=Temp * Temp. 

EXECUTE. 

COMPUTE Temp3=Temp * Temp2. 

EXECUTE. 

COMPUTE Temp4=Temp2 * Temp2. 

EXECUTE. 

 
 The Ladybugs_Phototaxis file already has Temp2, Temp3, and Temp4. 
 
 Now for the regression analysis.  Analyze, Regression, Linear: 
 

 
 
 As shown here, a linear regression analysis will be done, but we want a step-by-step polynomial 
regression analysis.  Click “Next” and then add Temp2 to the “Independent(s).”  Then click “Next” 
again and add Temp3.  Then click “Next again” and add Temp4. 
 

 

http://core.ecu.edu/psyc/wuenschk/SPSS/Ladybugs_Phototaxis.sav
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 Now click “Statistics and check “R squared change.”  Then click Continue, Continue. 
 

 
 
REGRESSION 

  /MISSING LISTWISE 

  /STATISTICS COEFF OUTS R ANOVA CHANGE 

  /CRITERIA=PIN(.05) POUT(.10) 

  /NOORIGIN 

  /DEPENDENT Lighted 

  /METHOD=ENTER Temp 

  /METHOD=ENTER Temp2 

  /METHOD=ENTER Temp3 

  /METHOD=ENTER Temp4. 

 

Regression 

 

Variables Entered/Removed
a
 

Model Variables 

Entered 

Variables 

Removed 

Method 

1 Temp
b
 . Enter 

2 Temp2
b
 . Enter 

3 Temp3
b
 . Enter 

4 Temp4
b
 . Enter 

 

a. Dependent Variable: Lighted 

 

Model R R 

Square 

Std. Error of 

the Estimate 

Change Statistics 

R Square 

Change 

F Change df1 df2 Sig. F Change 

1 .371
a
 .137 12.380 .137 6.690 1 42 .013 

2 .775
b
 .601 8.523 .463 47.613 1 41 .000 

3 .868
c
 .753 6.793 .152 24.532 1 40 .000 

4 .884
d
 .781 6.471 .029 5.086 1 39 .030 

 

 The linear model is significant, with R2 = .137, but adding Temp2 to the model increases the R2 

by a significant .463, a big increase.  Clearly the quadratic model is superior to the linear model.  Here 
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is the scatter plot again, but this time with both the linear and the quadratic regression lines. 

 

 

 Adding the next power will always increase the R2, but it may not be by an amount that justifies 

increasing the complexity of the model.  Look back and the previous table.  You will see that adding 

Temp3 to the quadratic model increases the R2 by a significant additional .152.  Explaining an 

additional 15.2% of the variance in the number of free ladybugs sounds good to me, so I am going to 

keep Temp3 in the model.  Here is a scatter plot with the cubic regression line. 
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 If you look back at the previous table again, you see that adding Temp4 to the cubic model 

significantly increases the R2 by .029.  Although significant, I do not think that explaining an additional 

2.9% of the variance justifies making the model even more complex, so I reject the quartic model and 

adopt the cubic model. 

 

ANOVA
a
 

Model Sum of 

Squares 

df Mean Square F Sig. 

3 

Regression 5615.873 3 1871.958 40.562 .000
d
 

Residual 1846.013 40 46.150   

Total 7461.886 43    

 

a. Dependent Variable: Lighted 

d. Predictors: (Constant), Temp, Temp2, Temp3 

 

Coefficients
a
 

Model Unstandardized Coefficients Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

3 

(Constant) 27.622 2.341  11.802 .000 

Temp 6.636 .746 5.534 8.890 .000 

Temp2 -.369 .057 -10.255 -6.467 .000 

Temp3 .006 .001 5.165 4.953 .000 

 
 Here is an example of how to present the results of a polynomial regression. 
 
 Forty-four groups of ladybugs (100 ladybugs per group) were tested at temperatures ranging 
from -2 to 34 degrees Celsius.  In each group I counted the number of ladybugs which were on the 
lighted side of the petri dish.  A polynomial regression analysis was employed to fit the data with an 
appropriate model.  To be retained in the final model, a component had to be statistically significant at 
the .05 level and account for at least 3% of the variance in the number of free ladybugs.  The model 
adopted was a cubic model, Ladybugs on Lighted Side = 27.62 + 6.64 Temperature - .37 Temperature2 
+ .006 Temperature3, F(3, 40) = 40.56, p < .001, η2 = .75, 90% CI [.61, .81].  Table 1 shows the 
contribution of each component at the point where it entered the model. 

 

Table 1. 

Number of Ladybugs on the Lighted Side Related to Temperature 

Component R2 p 

Linear .137 .013 

Quadratic .463 < .001 

Cubic .152 < .001 
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 As shown in Figure 1, the ladybugs were most concentrated on the lighted side at a temperature 
of 14 degrees.  As temperatures decreased or increased from 14 degrees (57 Fahrenheit), there was a 
drop in the number of ladybugs on the lighted side, but when the temperature reached 30 degrees (86 
Fahrenheit) the number of ladybugs on the lighted side started increasing again. 

 

 These results make ecological sense.  When the temperature is about 14 degrees, ladybugs 
are able to maintain proper body temperature even when in sunlight.  As the temperature drops from 
14 degrees, the ladybugs move away from the light, seeking shelter in warmer, dark surroundings, such 
as under leaf mold.  As the temperature increases from 14 degrees, their body temperature becomes 
too high and they seek to get out of direct sunlight, by moving to the bottom of the leaves on the plant 
where they are foraging.  If this action is not sufficient to keep body temperature from rising too much, 
they fly (in the sunlight) to a different location. 

 
Recommended Reading 

 
Wuensch, K. L.  (2006). Curvilinear regression.  In N. J. Salkind (Ed.), Encyclopedia of measurement 

and statistics (pp. 211 - 215). Thousand Oaks, CA: Sage. 
 

Links 
 

 Curvilinear Bivariate Regression. 

 Bumblebee Regression -- guaranteed to fit any data. 

 
Karl L. Wuensch, November, 2015 

http://core.ecu.edu/psyc/wuenschk/MV/multReg/Curvi.docx
http://core.ecu.edu/psyc/wuenschk/MV/multReg/BumblebeeRegression.htm
http://core.ecu.edu/psyc/WuenschK/KLW.htm

