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BOX BEHNKEN DESIGN: 
 

 G.E.P Box and D.W.Behnken introduced the concept of Box-Benken method. This 

paper describes Box- Behnken method as a class of incomplete three level factorial designs 

useful for estimating the coefficients in a second degree graduating polynomial are described. 

It deals with a particular class of three-level incomplete factorials specifically selected for the 

study of quantitative variables. It provides the mathematical background needed for Box-

Behnken Design. 

 S.L.C. Ferreira , R.E. Bruns , H.S. Ferreira, G.D. Matos , J.M. David, in their paper had 

described the  fundamentals, advantages and limitations of the Box-Behnken design (BBD) 

for the optimization of analytical methods. The paper also establishes a comparison between 

this design and composite central, three-level full factorial and Doehlert designs and a detailed 

study on factors and responses involved during the optimization of analytical systems is also 

discussed. Functions developed for calculation of multiple responses are discussed, including 

the desirability function. The paper also describes Concept and evaluation of robustness of 

analytical methods and the application oh this technique for optimization of analytical methods. 

 A. R. A. Aziz, S. A. Aziz applied this method to plot the experiments to find the Noise 

Absorption Coefficient (NAC) for Kenaf/Epoxy sandwich sample with an overall objective of 

optimizing the density, thickness, pressure and frequency. Software’s were utilized to plan the 

examination and randomize the runs. This work gains significance in the sense with minimum 

number of experiments, reliable model has been generated, validated and further, the process 

has been optimised and mathematical equation generated. 

 

Box–Behnken designs are experimental designs for response surface methodology, devised 

by George E. P. Box and Donald Behnken in 1960, to achieve the following goals: 

• Each factor, or independent variable, is placed at one of three equally spaced 

values, usually coded as −1, 0, +1. (At least three levels are needed for the 

following goal.) 

• The design should be sufficient to fit a quadratic model, that is, one containing 

squared terms, products of two factors, linear terms and an intercept. 

• The ratio of the number of experimental points to the number of coefficients in the 

quadratic model should be reasonable (in fact, their designs kept in the range of 

1.5 to 2.6). 
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• The estimation variance should more or less depend only on the distance from the 

centre (this is achieved exactly for the designs with 4 and 7 factors), and should 

not vary too much inside the smallest (hyper)cube containing the experimental 

points. 

 

Box-Behnken designs are used to estimate parameters in a second-order response 

surface model (Box and Behnken, 1960). These designs are formed by combining ideas from 

incomplete block designs (BIBD or PBIBD) and factorial experiments, specifically 2 k full or 2k-1 

fractional factorials. 

It is an independent quadratic design where the treatment combinations are at the 

midpoints of edges of the process space and at the center. It requires only three levels to run 

an experiment and a minimum of three factors. These designs are rotatable (or near rotatable). 

They are used to optimise the main effect, interaction effect and the quadratic effect. 

CONSTRUCTION 

In order to reduce the number of experimental points the use of 2k-1 fractional factorials 

instead of 2k full factorials is being considered. Each design can be thought of as a combination 

of a two-level (full or fractional) factorial design with an incomplete block design. In each block, 

a certain number of factors are put through all combinations for the factorial design, while the 

other factors are kept at the central values. For instance, the Box–Behnken design for 3 factors 

involves three blocks, in each of which 2 factors are varied through the 4 possible 

combinations of high and low. 

               

Fig 2.4 Construction of Box Behnken Design 
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