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Sensory Decision-Making: Rats Sleuth Evidence through Active Sensing 

Miguel Maravall 

 

Summary 

Rats using their whiskers to identify a texture gather evidence touch by touch until they reach a 
threshold. On every touch, the somatosensory cortex sends a packet of texture information to 
downstream regions tasked with integrating this evidence.  
 

Text 

Making sense of how we make decisions is a central aim of much work in neuroscience, psychology, 
economics and political science. In neuroscience, the last three decades have brought huge 
advances in our understanding of sensory-based decision-making [1, 2]. Key to this has been a 
framework, “integration to bound”, which applies mathematical formalisms to gain insight into how 
the brain weighs sensory evidence when choosing a course of action. Typically this has involved 
analyses of behavioural responses and neuronal activity in lab experiments where an animal receives 
highly controlled sensory stimulation. Conclusions drawn about sensory decision making in humans 
are in line with those drawn from monkeys, thus extending the general relevance of the “integration 
to bound” framework. Outside the lab, sensory-based decisions are often made on the basis of 
information collected actively during exploration. What is this object I am actively grasping for as I 
keep my eyes on my computer screen? Is it the rough mug full of lovely coffee or the smooth mug I 
keep full of sharp pencils? Based on how the mug feels, am I ready to commit to raising it to my face 
or should I continue running my hands along it, collecting sensory data, just to make sure? Two 
papers by Zuo and Diamond in this issue of Current Biology [3, 4] show how rats process evidence in 
building up to a decision on the identity of a texture touched by the facial mystacial vibrissae, 
“whiskers”. Using whiskers, rats investigate on a touch-by-touch basis until the total collected 
evidence reaches a well-defined threshold.   

In the “integration to bound” framework, decisions are based on sensory input sampled and 
accumulated over time in the brain. A decision variable represents the outcome of this 
accumulation, modulated by priors and by values associated with the animal’s experience of the 
world and its gains and losses. The value reached by the decision variable is compared to a decision 
threshold or boundary, leading to one or another discrete action. The framework has been very 
successfully applied to well-controlled tasks in which an animal is faced with a choice between 
discrete actions (e.g. licking at either of two spouts for a reward) depending on which sensory input 
was presented (e.g. a set of stimuli that differ in the value of a single parameter). Elegant primate 
work over many years has been able to relate each of the above steps in decision-making to activity 
recorded in specific brain regions while animals perform a task. In no small measure, this success has 
been enabled by primate experiments having achieved decades ago a “gold standard” of 
simultaneously controlling sensory input, measuring motor output, and recording and analysing 
neuronal activity [1]. More recent work has established that rodents are also capable of reproducible 
stimulus discrimination and of richly nuanced decision-making guided by sensory evidence, and 
analyses of these capacities in rats and mice have yielded deep insights into neuronal mechanisms 
[2]. The new work by Zuo and Diamond expands these ideas into the realm of active tactile sensing.  

Rats actively use their whiskers to extract information from the environment: they can flexibly 
control the characteristic “whisking” pattern of motion, modulating its frequency, amplitude and set 



point [5]. These adjustments in how whiskers sweep the environment depend on running speed, 
head movements, familiarity with the environment and other factors; even within the duration of a 
single whisk, contact with an object modulates the protraction and retraction of whisker muscles [6-
8]. Thus, sleuthing rats purposefully modulate their motor action to gather information relevant to 
the job at hand. Is the goal of this information-seeking behaviour to accumulate evidence up to a 
fixed threshold? How is exploration modulated by the evidence gathered in a sweep? What sets the 
amount of evidence necessary to identify a stimulus?  

To address these questions, Zuo and Diamond measured rats’ behaviour in a texture discrimination 
task while recording whisker trajectories and neuronal activity [3]. On a given trial, animals had to 
collect a water reward from either a left- or a right-hand spout depending on which of three textures 
was presented: two textures were associated with one spout, the third with the other. Rats 
performing texture discrimination do not have a rigid, stereotypical program for palpating the 
object. Zuo and Diamond found that the number of touches varied from trial to trial and that this 
variable behaviour was explained by a scheme where rats collect evidence on a touch-by-touch basis 
up to a fixed decision boundary. Trials that began with low-signal touches ended up requiring a 
greater number of contacts. Thus rat decision-making based on active texture sensing follows the 
same framework of integration to bound as in primates.  

Zuo and Diamond also measured several dynamic properties of the whiskers’ trajectories. Some of 
these features, averaged over the duration of a touch, covaried well with texture: mean values of 
features such as whisker curvature and its rate of change were higher for textures that had a high 
spatial frequency of grooves. Whisker dynamic features predicted both actual texture and the 
animal’s choice.  

Next Zuo and Diamond evaluated how sensory evidence is conveyed by the responses of neurons in 
the somatosensory cortex, specifically the primary and secondary vibrissae fields (vS1 and vS2) [4]. 
Neuronal firing rates averaged over the duration of a touch, read out jointly for groups of five 
neurons, reflected texture identity. These mean firing rates also predicted the animal’s choice. On 
trials where neuronal responses to a touch predicted the correct texture, the animal was more likely 
to make the correct choice. The higher the amount of correct texture information conveyed by 
whisker movement and by neuronal responses during a touch, the greater the likelihood of correct 
performance on that trial. Thus there was remarkable coherence between actual trial-by-trial 
behavioural choices, the behavioural predictions based on whisker dynamic features, and the 
predictions based on neurons’ responses.  

Importantly, neurons conveyed texture evidence by virtue of being sensitive to features of whisker 
movement. Around 40% of vS1 neurons and 30% of vS2 neurons were sensitive to “kinematic 
factors”, combinations of features related to whisker shape, motion or angle; neurons could be 
jointly sensitive to several of these factors at the same time. (Note the considerable diversity in 
neuronal response properties.) The link between kinematic factors, neuronal responses, and 
evidence for texture identity shown by Zuo and Diamond addresses a gap in our knowledge of the 
neuronal signals underlying texture discrimination. During texture exploration, a key cue for 
roughness is the presence of stick-slip micromotion events where the whiskers are briefly held back 
and then break loose; stick-slip events drive neuronal responses in somatosensory cortex [9-12]. 
Direct knowledge of the physical parameters that neurons respond to during stick-slip events in 
texture exploration was lacking. There was evidence that stick-slip events involve changes in whisker 
bending and in the pattern of forces acting at the follicle [11, 12]: did sensitivity to whisker 
parameters related to forces and bending moments [13] underpin the texture evidence conveyed by 
neurons? The results of Zuo and Diamond support this idea.  



These analyses were carried out with a temporal resolution equivalent to the duration of a touch 
(~50 milliseconds). Many neurons in vS1 and vS2 integrate sensory information over a few tens of 
milliseconds [14-18], not far off the time resolution of Zuo and Diamond’s analysis. The suggestion 
from these timescales is that these areas encode information about kinetic factors essentially on a 
touch-by-touch basis. In this picture, the detailed timing of individual stick-slip events or their 
detailed pattern may not be tracked by cortical neurons: more such events would simply be 
reflected in a higher value of the kinetic parameters averaged over the touch. How and when 
cortical neurons use their ability to distinguish stick-slip events at finer grained resolution [9, 10, 12, 
17] will need to be determined by future work, perhaps reliant on further behavioural designs. While 
noting the very large receptive fields of vS2 neurons, Zuo and Diamond did not find any fundamental 
difference between the roles of vS1 and vS2 in their task; it is possible that these are task-dependent 
and that the serial or parallel nature of vS1 and vS2 processing will vary according to the demands of 
the behaviour.  

Accumulating touches until triggering a choice, rats weighted evidence such that earlier touches 
counted more than later ones – a “primacy” strategy. Because neuronal activity in vS1 and vS2 
reflected the texture signals gained in the current touch rather than signals accumulated over 
touches, evidence integration across touches would need to be performed by (currently unknown) 
downstream areas. Zuo and Diamond show that vS1 and vS2 activity also needs to be weighted with 
a primacy strategy, with the earliest activity receiving the most weight. This strategy is also found in 
rats and humans performing a tactile noise discrimination task [19] and monkeys performing 
discrimination of fingertip vibrotactile stimuli [20], pointing to a possible general principle.  

A final bonus of Zuo and Diamond’s approach is that it allowed determination for each animal of the 
time constant for evidence integration in the task, the fitted decision boundary, and the percentage 
of correct decisions. The results show each animal following a different strategy for setting its 
balance between speed and accuracy: higher performance was associated with longer integration 
timescales, longer times to decision, and a higher decision boundary for evidence accumulation, 
providing a nice illustration of speed-accuracy trade-offs. How decision boundaries, trade-offs, and 
strategies are set depending on task and on prevailing conditions will be a fascinating question for 
future students of rat whisker-based sleuthing.   
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