
Response to “Human Learning Improves Machine Learning: Neural and 
Computational Mechanisms of Perceptual Training” by Carp and Park (2010) 

Jiaxiang Zhang,1,2 Alan Meeson,1 Andrew E. Welchman,1 and Zoe Kourtzi1 

1 School of Psychology, University of Birmingham, Edgbaston, Birmingham B15 2TT, United Kingdom, 2 Medical 
Research Council, Cognition and Brain Sciences Unit, Cambridge CB2 7EF, United Kingdom 

The journal club paper by Carp and Park provides an interesting discussion of our 
findings on the learning-dependent mechanisms that shape category representations in the 
human visual cortex. The authors comment on our methodology for comparing 
performance of human observers and pattern classifiers and make thoughtful suggestions 
for future research. Here we comment on several important issues raised in this review.  
 
First, using fMRI to understand the interplay of bottom-up and top-down learning 
mechanisms is compromised by the complexity of the BOLD signal that is thought to 
reflect both the cortical input and processing within a given brain region (Logothetis, 
2008). Further, the limited spatial resolution of fMRI means that form selectivity revealed 
by fMRI reflects selectivity at the scale of large neural populations rather than single 
neurons. Our study used high-resolution imaging and machine learning algorithms 
(pattern classification) to extract informative signals that show reliable changes in voxel 
preference due to learning. We have succeeded in showing that learning in higher 
occipitotemporal areas is implemented by enhancing the response to the preferred 
stimulus category, while reducing the response to non-preferred stimuli. However, high 
resolution scanning restricted coverage to visual areas limiting the investigation of higher 
fronto-parietal circuits that are known to be involved in category learning. Our previous 
work investigating interactions between these circuits and the visual cortex has provided 
evidence for learning-dependent changes in fronto-parietal areas reflecting the rule used 
by the observers for categorical decisions in a flexible manner (Li et al., 2007; Li et al., 
2009). These findings suggest top-down influences for shape learning in higher visual 
areas. However, out recent work provides evidence for learning-dependent changes in 
higher occipitotemporal areas independent of task; that is when observers perform tasks 
orthogonal to categorical judgments (Li et al., 2009; Zhang and Kourtzi, 2010). Whether 
learning changes shape representations in visual cortex outside the focus of attention 
remains an open question.  
 
Second, comparing directly the performance of human observers and pattern classifiers 
allowed us to investigate the link between human behavior and fMRI selectivity. Our 
findings demonstrate that learning-dependent changes in the observers’ sensitivity to 
visual forms relate to changes in the tuning of fMRI activation patterns in visual areas. 
Thus, our findings suggest that training shapes subjective sensitivity to the perceived 
form categories rather than simply overall responsiveness to physical stimulus properties. 
Our training procedure, using different stimuli for training and testing during scanning, 
ensured that the observers learned perceptual categories rather than specific stimulus 
examples. Further, our findings are consistent with our recent work showing flexible 
coding of perceptual categories rather than physical stimulus properties in higher 
compared to early visual areas (Li et al., 2009). 



 
Third, it is unlikely that the learning-dependent changes we observed in fMRI selectivity 
were due to learning reducing incidents of mind-wandering or lapses of attention. The 
external noise introduced to the stimuli ensured that the categorization task was 
demanding and required the full attention of the participants. Further, this alternative 
interpretation would be supported by overall differences in the BOLD signal between 
sessions. However, the BOLD signal did not differ significantly across scanning sessions, 
suggesting that the participants were able to maintain similar levels of awareness and 
attention to the categorization task before and after training. In contrast, learning resulted 
in increased fMRI-selectivity, consistent with the enhanced ability of the observers to 
discriminate between visual categories after training. These learning-dependent changes 
were observed in higher occipitotemporal rather than early visual areas supporting our 
proposal that learning enhances neural signals in cortical areas selective for the 
processing of behaviorally relevant features rather than simply overall responsiveness 
across the visual cortex.  
 
Fourth, we emphasize that our methodology is based on validated applications of pattern 
classification in the analysis of fMRI data (Kamitani and Tong, 2005) and it is not over-
complicated (cf. Serences et al., 2009) or over-powered (see Table S1 in Zhang et al., 
2010). Carp and Park suggest an inconsistency between classification accuracy and 
tuning function amplitude in V4v. However, results in this region were more variable and 
did not show any significant differences in classification accuracy or amplitude before vs. 
after training. Data fitting reduces variability and allows quantification of the results 
based on model parameters. The amplitude of the fitted tuning function and the 
classification accuracy may not be identical, as fitting takes into account responses to 
both preferred and non-preferred stimuli. Importantly, our control analysis indicates that 
the learning-dependent changes we observed for non-preferred stimuli do not depend on 
our fitting model (see Fig. S4 in Zhang et al., 2010).  
 
In sum, we appreciate the review by Carp and Park, which highlights the implications of 
our findings and proposes interesting ideas for future research on learning-dependent 
plasticity in the human brain. 
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