
Ann Inst Stat Math (2012) 64:945–957
DOI 10.1007/s10463-011-0340-y

Optimal and efficient designs for Gompertz regression
models

Gang Li

Received: 13 July 2010 / Revised: 11 August 2011 / Published online: 20 November 2011
© The Institute of Statistical Mathematics, Tokyo 2011

Abstract Gompertz functions have been widely used in characterizing biological
growth curves. In this paper we consider D-optimal designs for Gompertz regression
models. For homoscedastic Gompertz regression models with two or three param-
eters, we prove that D-optimal designs are minimally supported. Considering that
minimally supported designs might not be applicable in practice, alternative designs
are proposed. Using the D-optimal designs as benchmark designs, these alternative
designs are found to be efficient in general.
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1 Introduction

Sigmoid growth curves are found in a wide range of disciplines, such as agriculture,
biology, and microbiology. Sigmoid growth consists of three distinct phases: the initial
exponential phase, the linear phase and the final plateau. Among other sigmoid func-
tions, the Gompertz function has gained wide acceptance as an applicable function in
a number of biological systems.

The Gompertz function (Gompertz 1825), μ1(x) = βe−e−γ (x−τ )
, has three param-

eters, where β is the upper asymptote, γ is the growth rate. The parameter τ is the
point of inflection at which point the maximum growth rate, βγ/e, occurs; see Fig. 1.
Compared with other sigmoid models such as logistic models, the Gompertz function
provides a better approximation to tumor growth curves (Laird 1965; Marusic and
Vuk-Pavlovic 1993). When the upper asymptote β is known, the Gompertz function
can be simplified to a two-parameter function μ2(x) = e−e−γ (x−τ )
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