
Supplemental Material 
 
S1: Relation between GM and SM 

We use the GM and the SM to measure two different types of contextual modulation of 

directionally tuned cells: decreased (or increased) overall activity for one of the two 

transformation rules, on the one hand, and reduced (or enhanced) spatial selectivity, on 

the other hand. To be good indicators for these modulations, the indices should be 

selective and independent. Figure S1 shows how GM and SM independently change as a 

function of either tuning amplitude A or width κ of idealized von Mises tuning curves. 

The von Mises distribution is given by: 
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where I0 is the modified Bessel function of order zero. Figure S1 shows that for an 

idealized motor-goal cell with identical tuning width in both task conditions, a change of 

the amplitude in one task condition only results in a change of the GM without 

influencing the SM. Note that non-normalized tuning vectors are plotted. Normalized 

tuning vectors in the left half of the graph would have equal lengths for pro and anti. Note 

also that in case the response completely vanishes for one transformation rule, the SM 

becomes arbitrarily high even without systematic change in κ (far left). With additional 

random fluctuations, as typical for empirical neural data, this effect of high SM values 

would have to be expected for GM values smaller but close to one. If, on the other hand, 

we only modify the tuning width without changing the overall activity (in a normalized 

von Mises distribution the area under the curve does not change if κ is changed), then 

only the SM changes and the GM remains unchanged. Since empirical neuronal tuning 



functions not necessarily exactly fit von Mises functions in all cases, we decided to use 

our non-parametric approach. Our modulation indices (GM, SM) reflect contextual 

modulations of average amplitude and selectivity independently and without the 

requirement of a certain exact tuning shape.  

 



S2: Results in individual monkeys  

Population data for the individual monkeys (Fig. S2) show that contextual modulations in 

both animals are very similar. Due to the similarity we pooled the data for the main 

manuscript. In both monkeys DCMi distributions were unbiased in PRR (S: m = 0.006, p 

= 0.69; A: m = 0.014, p = 0.34; t-test) and PMd (S: m = 0.018, p = 0.44; A: m = 0.010, p 

= 0.67), but broader than the distribution of the shuffled data, except for PRR in monkey 

S (PRR S: p = 0.17, A: p = 0.0022; PMd S: p = 6.3 x 10-4, A: p = 3.38 x 10-4; Bartlett 

test). CGM distributions were unbiased in PRR (S: m = 0.0026, p = 0.88; A: m = 0.035, p 

= 0.064; t-test) and negatively (anti) biased in PMd (S: m = -0.095, p = 0.013; A: m = -

0.064, p = 0.025) for both animals. In both areas CGM distributions are broader than 

expected by chance in both monkeys (PRR S: p = 3.1 x 10-4, A:  p < 10-4; PMd S: p < 10-

10, A: p < 10-10; Bartlett test). The CSM distributions consistently showed a positive bias 

in PRR (S: m = 0.14, p = 7.56 x 10-5; A: m = 0.086, p = 4.81 x 10-4) and no bias in PMd 

(S: m = -0.028, p = 0.53; A: m = 0.054, p = 0.13). Again CSM distributions in both areas 

are broader than expected by chance (PRR S: p = 0.0011, A: p = 0.032; PMd S: p = 

0.0018, A: p = 0.0014; Bartlett test). 

 



S3: Gain-modulation of motor-goal versus visual tuning 

The idea that visual cue locations are flexibly mapped onto arbitrary motor-goals by gain-

modulation mechanisms implies that at the intermediate level of the visuomotor 

transformation one should expect gain-modulated visual tuning, rather than gain-

modulated motor-goal tuning. After all, motor-goal tuning is considered the outcome of 

the transformation process, not the intermediate representation. Why did we then see 

gain-modulation of motor-goal tuning in PRR and PMd? The key to understanding this 

seeming contradiction is the differentiation between a pure feed-forward network, for 

achieving the desired transformation, compared to a network with top-down feedback. 

Brozovic et al. (Brozovic et al., 2007) showed that with both network architectures one 

can perform context-specific visuomotor transformations via gain-modulation. But the 

feed-forward network developed gain-modulated visual tuning in the ‘hidden’ 

sensorimotor layer, while the top-down network produced the same output with gain-

modulated motor-goal tuning in the sensorimotor layer. The latter architecture was 

considered more physiological in the sense that PRR and PMd had been shown to be 

tuned for the motor-goal during instructed-delay periods (Crammond and Kalaska, 

1994;Gail and Andersen, 2006) and connectivity between the posterior parietal cortex 

and premotor areas is known to be reciprocal. 

 

One can assume a certain delay before the top-down motor-goal projections exert their 

influence on the spatial tuning in the sensorimotor part of the network. Hence, the 

predominant motor-goal tuning during the instructed-delay is preceded by a short period 

of ‘visual’ tuning (or default motor-goal tuning for the pro-target) during spatial cue 



presentation, both in the model (Brozovic et al., 2007), and in corresponding 

physiological data (Gail and Andersen, 2006;Zhang et al., 1997;Zhang and Barash, 

2000;Zhang and Barash, 2004). Once the transformation is achieved and the output stage 

of the sensorimotor network shows motor-goal tuning, this motor-goal tuning will be fed 

back to the intermediate sensorimotor stages and replace the predominant visual tuning 

quickly with predominant motor-goal tuning, as has been found. The observed gain-

modulation of the motor-goal tuning in this view is a reflectance of the general context-

induced gain-modulation at this processing stage, which has its major functional 

relevance during the transformation process itself, i.e. when visual tuning dynamically 

changes to motor-goal tuning, but is still visible in the resulting motor-goal tuning itself. 

Importantly, if the motor-goal tuning constitutes the outcome of a transformation process 

based on gain-modulation of visual cue representations then we should expect the short-

term visual tuning during cue presentations to be gain-modulated. This was the case in 

the model (Brozovic et al., 2007). It is technically very difficult to test this prediction in a 

physiological experiment like our current study. This is because of the following 

potential confounds: Since the emergence of a motor goal is a dynamic process which is 

influenced by the sensory input, it is difficult to find a time window that only accounts 

for visual tuning – gain-modulated or not – and does not also include those dynamical 

processes which ultimately lead to a motor goal representation. For example, a neurons 

early response might have smaller amplitude in anti-reaches because the instruction cue 

was in its response field (e.g., right) but the motor-goal is on the opposite side, i.e. 

outside the response field. Hence, we have to expect down-regulation of this neurons’ 

response as soon as the transformation process is initiated (Supplementary Fig. 3). The 



exact timing of this is hard to identify (Supplementary Fig. 3 top and bottom), which 

makes it impossible to judge if any early difference in response amplitude is an 

expression of a gain-modulated ‘visual’ response or the consequence of the 

transformation process itself. Albeit desirable, we could not achieve a readily 

interpretable analysis of this early trial period equivalently to the more stationary late 

memory period. 
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