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In the course of neuroscience, not only have real neurons
been investigated, but mathematical neuron models of a sin-
gle neuron have also been analyzed. For example, electro-
physiological studies have shown that a real neuron induces
chaotic behavior in response to a periodic forcing [1, 2]. A
periodically forced Hodgkin–Huxley model [3] can repro-
duce chaotic responses [4]. The current prominent mathe-
matical neuron model is the Izhikevich neuron model [5], for
it is computationally effective and able to reproduce various
spike patterns. We have already examined the Izhikevich neu-
ron model with parameter sets for regular spiking, fast spik-
ing, intrinsically bursting, and chattering neurons [6, 7, 8, 9].
However, low-threshold spiking (LTS) neuron have yet to be
studied. Thus, focusing on interspike intervals (ISIs), we have
evaluated responses of a periodically forced Izhikevich neu-
ron model of an LTS neuron.

The Izhikevich neuron model is two-dimensional ordinary
differential equations. In the present study, this model is
stimulated by a sinusoidal input defined as I(t) = IDC +
A sin (2π/T )t, where t is time [ms], IDC is a constant part,
and A and T are the amplitude and the period of sinusoidal
wave, respectively. We set IDC = 10 and changed T and A.
We have evaluated the following three quantitative indices.
The first index to evaluate responses is the diversity index of
ISIs D. It is defined as D = M/N , where N represents the
total number of ISIs and M represents the number of differ-
ent values of ISIs [10, 11]. Given a sufficiently long spike
sequences, D ≈ 1 for an irregular response while D ≈ 0 for
a periodic response.

Figure 1 shows the period–amplitude plane of diversity in-
dices of ISIs. There exist two domains: periodic responses
and irregular responses. As A increases from zero to 10, di-
versity indices of ISIs noticeably change. This implies that
the phase transition from irregular response to periodic re-
sponse occurs as A increases.

In this study, we have investigated responses of a peri-
odically forced Izhikevich neuron model of an LTS neuron.
Evaluation focusing on ISIs implies that periodic forcing in-
duces both periodic and irregular responses and that change
of A and T leads to possible phase transition. The second
and third quantitative indices focusing on ISIs are the coeffi-
cient of variation (CV) and the local variation (LV) [12, 13].
CV is highly sensitive to local change of firing rate, reflects

Figure 1: Diversity indices of ISIs for the Izhikevich neuron
model of an LTS neuron.

only distribution of ISIs, and represents the global variability
of spike sequences. On the other hand, LV is subject to tem-
poral order of ISIs and represents the intrinsic spiking char-
acteristics independently of local change of firing rate. The
results of CV and LV and comparison of the three indices
will be discussed in the presentation. The research of H. T.
was partially supported by JSPS KAKENHI Grant Number
JP22J12396. The research of T. I. was partially supported by
JSPS KAKENHI Grant Numbers JP20H00596, JP21H03514,
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