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Supplementary discussion

Gradual accumulation of evidence for or against different choices has been implicated in many types of
decision-making, including value-based decisions?’-30, social decisions?®!, economic decisions®?, gambling
decisions??, memory-based decisions34, numerical comparison decisions??, visual search decisions’”?, and
perceptual -6 decisions. It is therefore considered a core decision-making process. We developed a method
that can estimate tuning curves for mentally-accumulated decision-making evidence in continuous-time
throughout the decision process. In addition to helping to clarify the nature of the encoding in the many brain
regions that have been reported to have firing rates correlated with accumulating evidence, our method can be
applied to decision-making tasks beyond perceptual decision-making, and to measures of neural activity
beyond spike rates.

Our rat study is closely related to previous studies in macaques. The method developed here for
estimating tuning curves (neural firing rates as a function of accumulated evidence; Fig. 2) can also be
applied in studies with human or non-human primates. Anatomical, neurophysiological, and causal
manipulations suggest that rat PPC and FOF may be potential homologues of monkey PPC and FEF!%13,
Wherever a direct comparison for accumulation of evidence could be made, our data from rat PPC and FOF
are qualitatively similar to previous results in the corresponding regions in macaques (compare Fig. 1¢ to Fig.
7a of ref. 4, Fig. 1d to Fig. 3a of ref. 3, and Fig. le to Fig. 4 of ref. '6). These striking similarities lead us to
suggest that the rat results reported here (Figs. 11, 2, 3, and 4, and Extended Data figures) will likely hold in
non-human primates if analogous experiments were carried out, and that our main conclusions are likely to
also hold for primate PPC and FEF. That prediction, however, remains to be tested.

We also found some clear differences with respect to non-human primates. These differences, however,
were not directly related to accumulation of evidence, and it is unclear whether they have functional
implications for how decisions based on accumulation of evidence are carried out in the different species. The

most prominent of the differences are: (1) Neurons in primate PPC and FEF have predominantly contralateral

WWW.NATURE.COM/NATURE | 1



AT\ E N SUPPLEMENTARY INFORMATION

selectivity, whereas in rat PPC and FOF, neurons with contralateral and ipsilateral selectivity are roughly
equally represented on each side of the brain. These rat data are consistent with similarly intermixed
selectivity reported in simpler memory-guided orienting tasks in both rats!3 and mice??3¢. (2) The latency to
stimulus-selective responses in rat FOF is ~100 ms shorter than the latency to stimulus-selective responses in
primate FEF3.

The neuronal tuning curves for accumulated evidence in rat PPC revealed a veridical encoding of the
graded value of the accumulated evidence that is similar to what was found in monkey PPC during a task that
required the combination of probabilistic units of visual evidence in order to make a binary decision!”. In that
task, the evidence was presented sequentially but remained visible, so it allowed a strategy that does not
involve the temporal accumulation. In contrast, our task does require temporal accumulation. Thus, our
results bolster the conclusion that PPC veridically represents accumulated evidence when evidence is
combined across time. Nevertheless, separate work from our laboratory suggests that PPC activity is not
necessary for choice behavior in this task!'®. We speculate that PPC signals may instead be used for behavioral
control that extends beyond the categorical left/right choice, such as in the computation of decision
confidence’”-38.

With respect to decisions about where to orient to in space, previous studies have suggested that posterior
parietal and prefrontal cortices play similar roles, and have similar neural encodings®>%111939 In contrast, for
many other cognitive processes important distinctions between parietal and prefrontal cortices have been
found. These processes include attentional control*’, sensorimotor rule selection*!, visual categorization>43,
distractor suppression*®, working memory*’, and specifying spatial coordinate frames*®. The contrast raises
the question: why should spatial decision-making be different to those other cognitive processes? Our results
suggest a resolution, by showing that when tuning curves are not plotted as a function of an external average
stimulus, but as a function of an internal decision variable (the accumulated evidence), the encodings in PPC

and FOF are now revealed to be distinct, with the FOF having a more categorical encoding. In other words,
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our results suggest that spatial decision-making is not different to the other processes, in that even during
spatial decision-making tasks, posterior parietal and prefrontal cortices do have distinct encodings.

In comparing posterior parietal and prefrontal contributions to cognitive tasks, a number of studies have
examined the temporal transfer of the neural representation between the two areas?%*-43, Our results argue
against a direct transfer of representations between PPC and FOF. In particular, the longer mean latency of
PPC (~200 ms) compared to FOF (~100 ms) suggests that sensory information in this task may reach the FOF
through circuits that bypass the PPC. Furthermore, the graded representation in PPC is unlikely to derive
from the more categorical representation in FOF. We therefore speculate that both PPC and FOF may derive
their representations from other circuit elements that themselves accumulate evidence, and that project to PPC
and FOF. This raises the critical outstanding question of identifying the brain circuits that are responsible for

evidence accumulation.
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