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Schmidt et al.’s (2020) PEP model accurately reflects the complexity of task switching based on 
bottom-up assumptions and episodic memory, re-evaluating the contribution of commonly pre-
sumed top-down processes. Extending it to long-term bindings and their item-specific effects 
could eludicate puzzling findings regarding the independence of long-term bindings between 
stimuli, responses, and task-specific categorizations as well as the relation between short-term 
and long-term bindings. Moreover, ideomotor theories of action control provide a bottom-up 
basis of incorporating volition and intentional action into the PEP model which is currently 
restricted to stimulus-based action.
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Discussions of top-down and bottom-up contributions to cognitive processes are omnipresent in 
psychological research (e.g., Abrahamse et al., 2016; Awh et al., 2012; Demanet et al., 2010). Schmidt et al.’s 
PEP model implements instructions (see Ramamoorthy & Verguts, 2012, for an earlier model) and accounts 
for multi-goal situations simply by encoding bindings in episodic memory and retrieving them. Based on 
bottom-up processes, their model captures the complexity of task switching, commonly assumed to be 
top-down controlled (for reviews see e.g., Kiesel et al., 2010; Koch et al., 2018). The PEP model teases apart 
bottom-up, episodic contributions to determine “pure” top-down contributions to presumed top-down 
effects. Modelling short-term bindings, it additionally naturally produced long-term effects like learning 
curves (e.g., Heathcote et al., 2000; Logan, 1988). In the present commentary, I will speculate about whether 
Schmidt et al.’s PEP model could also account for item-specific binding1 effects and how intentional actions 
could be incorporated into it.

Item-specificity
The PEP model stores individual episodic bindings separately, but weights them with a recency factor. This 
reconciles two theoretical accounts of how long-term stimulus-response bindings are encoded and retrieved: 
One, theories assuming that singular instances are stored and either instance retrieval or response compu-
tation wins the race (e.g., Logan, 1988, 1990), and two, theories proposing that bindings vary in strength 
depending on the number of pairings between stimulus and response (e.g., Horner & Henson, 2009, 2011; 
Moutsopoulou et al., 2015; Pfeuffer et al., 2018b). Episodic memory in the PEP represents an integration of 
the two theories. The PEP model’s ability to accurately reflect long-term binding effects should be further 
assessed by testing whether it can also produce both item-specific facilitation (mapping repetitions) as well 
as interference effects (mapping switches; e.g., Horner & Henson, 2011). 

Noteably, to model instruction following in a multi-goal situation, Schmidt et al. incorporated current 
notions that, in addition to responses, category/decision/classification2 information becomes bound to 
stimuli (e.g., Horner & Henson, 2009, 2011; Longman et al., 2018; Moutsopoulou et al., 2015; Pfeuffer 
et al., 2017, 2018a,b). This perspective comes from research on long-term bindings (multi-trial learning-
test lags) showing independent effects of item-specific repetitions/switches for stimulus-response and 

 1 I will use the term binding as an umbrella term for both short-term and long-term associative links. Whenever the time frame is of 
relevance, the term will be further specificed by adding short-term or long-term.

 2 The term category will be used in the following for the sake of simplicity.
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stimulus-category mappings. Evidence for independent long-term bindings is puzzling given that, in multi-
goal situations, correct responses can only be retrieved by categorizing stimuli (e.g., Abrams et al., 2002; 
Pfeuffer et al., 2017), as reflected in the PEP model. Extending the PEP model, so that stimuli also activate 
bound episodic memories (episode nodes; see earlier version, Schmidt, 2013b) would reveal whether epi-
sodic bindings can naturally account for the observed independence of long-term bindings between stimuli, 
categories, and responses. This could be a first step in using the PEP model to further assess the relation 
between short-term and long-term bindings (e.g., Moeller & Frings, 2017a,b). 

Another promising extension would be including connections between different exemplars and percep-
tual formats (e.g., word – picture) of one stimulus (i.e., between input nodes) and between different stimuli 
of one category (i.e., between decision and input nodes). This way, empirically-observed generalizations of 
bindings to similar exemplars (e.g., Horner & Henson, 2009), other formats (e.g., Horner & Henson, 2011; 
Pfeuffer et al., 2018a), and other stimuli of a category (e.g., Longman et al., 2018) could be further examined 
within the same bottom-up model of episodic memory.

Intentional Action
At present, although response instructions vary depending on task goals, the PEP model only accounts 
for stimulus-based actions. Yet, theories of intentional action like ideomotor theories (e.g., Hommel, 
2009; Hommel et al., 2001; James, 1890/1981) suggest that (bi-directional) bindings between our 
actions and their effects, acquired by experiencing their co-occurrence, are the core of intentional action 
(e.g., Elsner & Hommel, 2001). That is, we anticipate future stimuli (effects) and thereby select appro-
priate actions to produce them (e.g., Kunde, 2001, 2003; Pfeuffer et al., 2016; Pfister et al., 2013). From 
the ideomotor perspective that goals, future effects, are essentially equivalent to anticipated stimuli, 
the PEP model should already be able to account (at least) for some aspects of intentional action (e.g., 
response-effect compatibility: e.g., Kunde, 2001, 2003). Moreover, previous versions of the PEP model 
(e.g., Schmidt, 2013a; Schmidt et al., 2016) already included a temporal learning mechanism. It should 
thus also be assessed whether the PEP model can account for temporal effects observed in intentional 
action (e.g., Dignath & Janczyk, 2017; Kunde, 2003) with the same bottom-up assumptions regarding 
episodic memory and temporal learning. Should such simulations be successful, apart from extensions 
to voluntary task switching discussed by Schmidt et al., their model could also contribute to discussions 
about the interplay of intentional and stimulus-based, habituous action (e.g., de Wit & Dickson, 2009; 
Hommel, 2017).

Expectancy and Certainty
Given the structure of the PEP model, there are two further applications that appear fruitful and could lead 
to novel insights in the respective areas of research. First, time-based expectancy effects are assumed to rely 
on learned time-event contingencies (e.g., Aufschnaiter et al., 2018; Thomaschke & Dreisbach, 2015). The 
PEP model with its incorporated temporal learning mechanism could contribute to an episodic memory-
based model of not only temporal, but also time-based expectancy, generate novel assumptions, and ignite 
further theorizing. 

Finally, Schmidt et al. had their goal nodes boost the sensitivity of the corresponding decision nodes. 
This implementation appears to, as a side effect, reflect decision certainty. Future extensions of the 
PEP model might consider incorporating subjective judgements (e.g., judgements of certainty rel-
evant to (Bayesian) decision-making, e.g., Daunizeau et al., 2010) as additional responses to determine 
whether even subjective judgements can partly be accounted for by bottom-up processing and epi-
sodic memory.

Conclusion
As promised, Schmidt et al.’s (2020) model helps erase homunculi and lends itself to extensions that will 
contribute to re-assessments of presumed top-down processes in other areas of psychological research.
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