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imperfect summation of velocity inputs (Brody et al. 2003).
Any inaccuracy in the represented position or velocity will
be compounded over time, as the neural code continues to
trace the animal’s true path (Knierim et al. 1995; Valerio
and Taube 2012). Fortunately, path integration is not the sole
navigational technique of the mammalian brain; landmarks
detected by the sensory system help anchor and correct the
integrated velocity signal (Fig. 1a) (Etienne et al. 1996;
Collett and Graham 2004; Solstad et al. 2008).

Several experiments have demonstrated that mammals’
representation of space is sharpened in the presence of sen-
sory cues (Battaglia et al. 2004; Ulanovsky and Moss 2011;
Aikath et al. 2014; Zhang et al. 2014). Experiments typically
compare place fields of individuals cells - spatial locations
where the cell becomes active - in the presence and absence
of sensory landmarks (e.g., steel brush or ticking clock;
Fig. 1b). For instance, Battaglia et al. (2004) recorded from
hippocampal place cells in rats moving on an annular track.
When there were no sensory cues along the track, the mea-
sured place field of an individual cell could differ substan-
tially, depending on whether the rat was moving clockwise
or counterclockwise around the annulus. This suggests there
was some drift in animals’ neural representation of their
position. However, when several position cues were placed
along the track, the clockwise and counterclockwise place
fields of individual cells were strongly correlated. This sug-
gests the sensory cues tightened the navigation system’s fine
representation of the animal’s spatial position (Save et al.
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