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Neural correlates of the feeling of presentness, pastness and futurity:
FmSCE4 | across-linguistic fMRI study with speech stimuli
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It remains elusive how the human brain distinguishes among the past, present, and future. By analogy to a
somatotopic map in the primary sensory cortex, we hypothesized that the human brain has a "map of time"
where each of the past, present, and future are represented. We tested this hypothesis by utilizing the
power of natural language in producing the sense of time. We used fMRI to compare brain activities while
54 participants (18 Japanese, 18 English, and 18 Mandarin native speakers) listened to speech stimuli that
referred to the past (e.g., ‘I read a book yesterday’), present (‘I started a meeting now’), or future (‘I will
read a book tomorrow’).

In addition to 144 grammatical sentences that consisted of an adverb of time, an object, and a verb in
the past, present, or future form, we prepared 36 ungrammatical sentences, like ‘I read a mountain today’.
The participants were asked to listen to each sentence in an MRI scanner and to press a button only when
they felt the sentence was unnatural. After MRI measurements, the participants were asked to rate the time
that each sentence referred to by using a nine-point scale (1: the far past, ..., 5: present, ..., 9: far future).
Brain activations in response to natural sentences (without button presses) were compared by using
SPM12, across the “‘Past’ (1 to 4), ‘Present’ (5), and ‘Future’ (6 to 9) sentence groups.

The main effect of time was significant in the regions including the bilateral precuneus (p < 0.05,
cluster level FWE), the Broca's area (p < 0.05, peak level FEW) and the left superior temporal gyrus (p <
0.05, cluster level FWE). In the post hoc test, differences were found in only two of six contrasts: ‘present
> past’ and ‘present > future, which were both located in the posterior part of the precuneus. The results

suggest that the precuneus provides an origin of time (present) to the hypothetical map of time in the brain.
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