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Barbosa provides an excellent summary of our recent paper on dynamic and stable prefrontal activity 

during working memory, and highlights the important outstanding question regarding the 

neurophysiological mechanisms that might underlying its maintenance: attractor dynamics or short-

term plasticity (STP)? Firstly, it is important to note that the results in Spaak et al. (2017) are compatible 

with either model. As Barbosa notes, population-level dynamics during encoding could reflect the 

transition into a stable attractor state during the delay period; but a synaptic model also predicts a two-

phase process, with rich dynamics observed during encoding (and corresponding changes in synaptic 

weights), followed by a more stable period during the maintenance of a stable synaptic trace (see Stokes 

(2015)).  

In Spaak et al., we show that such population-level dynamics can be explained at the single-cell level by 

dynamic engagement of single cells and dynamic selectivity. We cannot adjudicate between attractor 

and STP models, and it is important to note that these models are not mutually exclusive. Evidence for 

one is not necessarily counterevidence for the other. Similarly, counterevidence for one model does not 

necessarily support the specific alternative model because the possibility space is not binary. Key 

support for a synaptic theory of WM must come from positive evidence that effective synaptic strength 

changes dynamically with the contents of working memory (including rapid encoding and forgetting). 

Although there is substantial evidence for STP in general (Zucker and Regehr, 2002), as well as extensive 

computational modelling (Hempel et al., 2000; Mongillo et al., 2008; Fiebig and Lansner, 2017), there is 

currently only limited evidence for a role for STP in WM-like behaviour in rodent PFC (Fujisawa et al., 

2008) and hippocampus (Erickson et al., 2010).  

Despite the lack of direct evidence for a synaptic model of WM, there is accumulating evidence that 

suggests we need to look beyond activity states as the only, or even the primary, mechanism to 

maintain information in WM. In principle, any evidence for WM in the absence of an unbroken chain of 

delay activity (e.g., Lundqvist et al. (2016)) implicates ‘activity-silent’ mechanisms (of which STP is one 

example). However, in practice, it is challenging to interpret such negative evidence. It can always be 

argued that a specific experiment failed to properly detect the delay activity (e.g., delay activity could be 

continuous at the population level, or in another brain area, or beyond the scope of the recording 

method). Importantly, there is also positive evidence that item-specific delay activity is more closely 

related to the focus of attention than to the content of WM per se. Moreover, we and others have 

shown that an impulse stimulus can result in a temporary ‘echo’ of the hidden state associated with 

unattended items (Rose et al., 2016; Wolff et al., 2017). The important point is not so much the negative 

evidence (i.e., whether or not there is literally no decodable delay activity anywhere in the brain), but 

rather that delay activity is more likely due to secondary processes (such as attention, refreshing, or 

even spontaneous activation of latent states). These secondary processes could underlie the low-energy 

stable state which follows the clearly dynamic code we report (Spaak et al., 2017). 

Although we argue that accumulating evidence suggests an important role for ‘activity-silent’ neural 

states (e.g., STP), we do not necessarily expect this to be incompatible with attractor models based on 

stable activity states. Indeed, recurrent activity dynamics could play a key role in maintaining (or 



refreshing) attended items. More generally, delay activity has received much more attention than other 

neural states due to activity states being relatively easily measurable, but we predict that as the field 

gets better at probing ‘activity-silent’ neural states, we will discover a richer tapestry of 

neurophysiological mechanisms that provide flexibility and stability to neural circuits for goal-directed 

behaviour, including working memory. 
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