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Abstract
When two tasks are presented simultaneously or in close succession, such as in the overlapping task paradigm of the psy-
chological refractory period, dual-task performance on those tasks is usually impaired compared with separate single-task 
performance. Numerous theories explain these emerging dual-task costs in terms of the existence of capacity limitations 
in the constituent component tasks. The current paper proposes active dual-task coordination processes that work on the 
scheduling of these capacity-limited processes. Further, there are recent findings that point to a meta-cognitive control level 
in addition to these active coordination processes. This additional level’s responsibility is to adjust the dual-task coordina-
tion of capacity-limited stages (i.e., coordination adjustment). I review evidence focusing on the existence of dual-task 
coordination processes and processes of coordination adjustment. The remainder of the paper elaborates on preliminary 
findings and points to the separability of these sets of processes, which is a key assumption of the framework of dual-task 
coordination adjustment.

Keywords Dual tasks · Task order · Dual-task coordination · Coordination adjustment · Psychological refractory period 
paradigm

Introduction

Our real-world experience is that performing two tasks 
simultaneously compromises performance in one or both 
of these tasks. That is, there are dual-task costs that mani-
fest in an increase in errors and/or the time needed to per-
form the two tasks, as compared with their separate perfor-
mance in single-task situations. Studies in the context of the 
overlapping task paradigm of the psychological refractory 
period (PRP) investigated these costs through the presen-
tation of two stimuli and a variable interval between their 
onsets (stimulus-onset asynchrony; SOA), and participants 
have to make choice reaction time (RT) responses to these 
stimuli. The typical finding is that RTs to the second (task) 
stimulus (RT2) increase with decreasing SOA (e.g., Pash-
ler, 1994; Schubert, 2008; Strobach et al., 2015); this RT2 
pattern is referred to as the PRP effect, reflecting dual task 
costs. The popularity of the PRP paradigm stems from the 

general robustness of the PRP effect in a variety of situations 
and contexts (i.e., the PRP effect appears under numerous 
conditions), but this effect is also sensitive to modulations 
across these conditions (Pashler & Johnston, 1989, 1998). 
This sensitivity makes the PRP paradigm a popular tool to 
investigate capacity limitations and attentional control of 
two simultaneous tasks in the human cognitive system.

The PRP effect has been attributed to capacity limita-
tion models, assuming that two tasks can simultaneously 
share processing resources so that neither task in dual tasks 
is performed as quickly as it would be performed in single 
tasks (e.g., Hazeltine et al., 2006; Meyer & Kieras, 1997; 
J. Miller & Durst, 2015; J. Miller et al., 2009; Mittelstädt 
& Miller, 2017). The specific strategy of a full distribution 
of processing resources to one component task and no such 
resources shared with the other task is consistent with the 
assumptions of the central bottleneck model. According 
to this model, a full distribution of processing resources 
to one task is explained with a structural and unavoidable 
processing bottleneck limitation. This bottleneck limita-
tion prevents the two tasks from being performed in par-
allel. As illustrated in Fig. 1, this bottleneck limitation 
is basically located at a central processing stage between 
stimulus perception and response execution—namely, 
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the response selection stage (e.g., Pashler, 1994; Wel-
ford, 1952, 1980). Irrespective of its nature (i.e., strategic 
capacity limitation or structural bottleneck limitation), 
the notion of a processing-limited central response selec-
tion accounts for the PRP effect by assuming that, if the 
two tasks are presented with short SOAs between Task 
Stimulus 1 and Task Stimulus 2, response selection for 
the two tasks operates serially while the initial perception 
and final response execution stages of the two tasks can 
basically operate in parallel (however, see Bratzke et al., 
2009; de Jong, 1993, for additional bottleneck limitations 
on response stages). In other words, response selection for 
the second task is postponed until the end of this stage in 
the first task and until the first task has left the bottleneck 
stage; this postponement increases with decreasing SOA. 
Importantly, recent studies have provided evidence that the 
scheduling of bottleneck access for Task 1 and Task 2 in 
a PRP situation is not a passive mechanism but involves 
processes of active task coordination (de Jong, 1995; Hen-
drich et al., 2012; Kamienkowski et al., 2011; Meyer & 
Kieras, 1997; Sigman & Dehaene, 2006; Töllner et al., 
2012). As illustrated in Fig. 1, this active task coordina-
tion is conceptualized as an element that is distinct from 
the component tasks and is typically associated with the 
coordination of two independent and overlapping task pro-
cessing streams in dual-task situations (Hirst et al., 1980).

The central aim of this review is to link active dual-task 
coordination (DTC) processes to new findings about their 
situational adjustment. This review builds on the hypothesis 
that DTC processes and the processes of their adjustment 
underlie different mechanisms. If there is conclusive evi-
dence for such a difference, this would be consistent with the 
assumption of separable types of processes of DTC and the 
adjustment of these coordination processes. This question of 
the review promises to investigate the existence of a “coor-
dination adjustment” homunculus—an agent responsible for 
cognitive control, as it is hotly debated in task-switching 

situations and situations of conflict processing (Braem et al., 
2019; Logan & Bundesen, 2003; Schmidt et al., 2020)—in 
dual-task situations (Logan & Gordon, 2001).

A review of this aspect of dual tasks is needed and lack-
ing in the current review literature. Recent reviews such as 
Koch et al. (2018) or Strobach et al. (2020) are partly out-
dated and, more importantly, have a different focus. These 
reviews might be outdated because the dual-task research 
field is a very active field, constantly producing new find-
ings. This can be illustrated by searching for “dual tasks” in 
the PsycInfo database, which documented 1,697 and 1,074 
new studies since 2018 and 2020, respectively (by October 
6, 2023), when these previous reviews were published. Fur-
ther, when looking at the foci of the different reviews, Koch 
et al. (2018) provide a fairly extensive review of the dual-
task literature and integrate it with task switching in terms 
of flexibility and plasticity issues. Strobach et al. (2020) 
reviews the literature on dual-task practice, speaking to the 
practice-related improvement of DTC. In particular, this lat-
ter review focuses on the very specific allocation and sched-
uling hypothesis, where dual-task practice induces partici-
pants to adopt a strategy of coordinating two simultaneous 
tasks, which enables them to develop task coordination skills 
for improved cognitive resource allocation and scheduling. 
However, the present review builds on the former ones and 
goes beyond them with a novel approach focused on meta-
control in dual tasks. The critical issue of the timely review, 
then, is how control and meta-control can be separated 
empirically, and a focused review on this issue is welcome.

The framework of dual‑task coordination 
adjustment

As previously stated, active DTC processes regulate the 
scheduling of capacity-limited processing stages within 
component tasks (Fig. 1). Several models of dual-task 

Fig. 1  Illustration of the framework of dual-task coordination adjust-
ment (DTCA framework). Note. Illustration of the hypothetical time 
relation of processing stages in the component Tasks 1 and 2, when 
presented in a dual-task situation with stimulus-onset asynchrony 
(SOA) = 0 ms. As illustrated, there is a capacity limitation within 
the component tasks that does not allow simultaneous processing 
of the associated stages (i.e., the response selection stage; Level a). 
Processes of dual-task coordination are associated with the coordi-
nation of the two independent task processing streams in dual-task 

situations, and they are conceptualized as an element that is dis-
tinct from the component tasks (Level b). Additional components of 
coordination adjustment modulate this coordination (Level c). Note 
that the illustrated locations of dual-task coordination and coordina-
tion adjustments are not explicitly related to the temporal relations 
between these components. P1 and P2 indicate the perception stages; 
RS1 and RS2 indicate the central response-selection stages (including 
bottleneck characteristics); R1 and R2 indicate the response stages
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performance generally discuss those coordination pro-
cesses. For example, the executive-process interactive 
control (EPIC) architecture (Meyer & Kieras, 1997) 
assumes dual-task performance involves coordination 
of processes (e.g., temporarily locking out processing 
for one task to avoid conflict in processing for another 
task). The executive control theory of visual attention 
(ECTVA; Logan & Gordon, 2001) assumes the strategic 
setting of component-task parameters to enable dual-task 
performance that minimizes crosstalk. Adaptive control 
of thought-rational (ACT-R) models of dual-task perfor-
mance (e.g., Anderson et al., 2005; Byrne & Anderson, 
2001) characterize how component-task processes can 
be organized within an integrated cognitive architec-
ture. Subsequent developments such as threaded cogni-
tion (e.g., Salvucci & Taatgen, 2008) built on that earlier 
work to show how dual tasks can be coordinated as dis-
tinct “threads” of information processing.

Although these models make very detailed mechanis-
tic and/or computational assumptions about dual-task 
performance, they rarely point to a cognitive control 
level in addition to the active DTC processes (one of the 
rare exceptions is the EPIC model, which proposes the 
daring and cautious adjustment of DTC; Meyer & Kieras, 
1997). ECTVA even explicitly states that “The whole 
[i.e., the dual-task situation] is more than the sum of 
its parts [i.e., the component tasks] but not much more” 
(Logan & Gordon, 2001, p. 394). The additional level’s 
responsibility is to adjust DTC. Figure 1 illustrates this 
cognitive control level (i.e., coordination adjustment) 
in the framework of dual-task coordination adjustment 
(DTCA). Note that this framework basically structures 
the literature according to three levels: (a) component-
task processes that enable the performance of each indi-
vidual task; (b) DTC processes that schedule limited-
capacity lower-level processing stages; and (c) DTCA 
processes that implement cognitive control to adjust 
coordination. Table 1 provides a list of key papers on 
Levels a, b, and c, that is, component tasks, DTC, and 
DTCA, respectively.

In this paper, I summarize a set of findings that demon-
strate the existence of active scheduling of capacity-limited 
processes and DTC mechanisms. In this context, I outline 
approaches that demonstrate the independence of process-
ing the individual component tasks (Level a) from DTC 
mechanisms (Level b) (see section Characteristics of Dual-
Task Coordination Processes). I then go on to introduce 
empirical findings, demonstrating the level of dual-task 
cognitive control (Level c), adjusting DTC (see section 
Characteristics of Coordination Adjustment).

Characteristics of dual‑task coordination 
processes

DTC is typically associated with the coordination of 
two simultaneous task processing streams. The first key 
assumption of the DTCA framework is that the processing 
streams of the individual component tasks that comprise a 
dual task (Level a) are separated from the processes related 
to active coordination of these processing streams (i.e., 
DTC on Level b). There are several approaches separating 
processes within the component tasks from processes of 
DTC beyond the component tasks. These approaches stem 

Table 1  Lists of exemplary papers for the three proposed theoretical 
levels of control in dual tasks (i.e., component tasks, dual-task coor-
dination, and coordination adjustment) from nonpractice contexts and 
from practice contexts

The component task level in nonpractice contexts is mainly repre-
sented by reviews on this issue. Papers are indicated by their full list 
of authors and can be found in the reference list of the present review

Component tasks
Nonpractice context (reviews) Practice context
• Meyer & Kieras, (1997)
• Koch et al., (2018)
• Pashler, (1994)
• Schubert, (2008)

• Ahissar et al., (2001)
• Anderson et al., (2005)
• Dux et al., (2009)
• Garner et al., (2014)
• Kamienkowski et al., (2011)
• Ruthruff et al., (2001)
• Ruthruff et al., (2006)
• Sangals et al., (2007)
• Strobach et al., (2013))
• Van Selst et al., (1999)

Dual-task coordination
Nonpractice context Practice context
• de Jong (1995)
• Hendrich et al., (2012)
• Hirsch et al., (2017)
• HirschKoch et al., (2018)
• Hirsch et al., (2021))
• Kübler et al., (2018)
• Kübler et al., (2022a)
• Kübler et al., (2022b)
• Leonhard et al., (2011)
• Luria & Meiran, (2003)
• Otermans et al., (2022)
• Ruiz Fernández et al., (2011)
• Sigman & Dehaene, 2006)
• Szameitat et al., (2006)
• Szameitat et al., (2002)

• Hirst et al., (1980)
• Kramer et al., (1995)
• Liepelt et al., (2011)
• Schubert et al., (2017)
• Schubert, & Strobach et al., 

(2018)
• Strobach et al., (2012a)
• Strobach et al., (2012b)

Coordination adjustment
Nonpractice context Practice context
• Brüning & Manzey, (2018)
• Brüning et al., (2020)
• Strobach et al., (2021)
• Strobach et al., (2023)
• Strobach & Wendt, (2022)

• Orscheschek et al., (2019)
• Strobach et al., (2014b)
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from the literature (1) on dual-task practice and (2) on 
dual-task processing without practice components.

Approaches from the dual‑task practice literature

According to a first approach, the literature assumes that 
there is an optimization of dual-task performance with 
practice. While some components of this optimization are 
explained with improvements within the component tasks 
(e.g., Ahissar et al., 2001; Anderson et al., 2005; Dux et al., 
2009; Garner et  al., 2014; Kamienkowski et  al., 2011; 
Ruthruff et al., 2001, 2006; Sangals et al., 2007; Strobach 
et al., 2013; Van Selst et al., 1999), there are additional com-
ponents of dual-task optimization that are independent from 
those changes within these tasks. These components are 
associated with the optimization of DTC skills, allowing for 
a practice-related improvement of the coordination of two 
simultaneously presented and overlapping component tasks 
(Kramer et al., 1995; Maquestiaux et al., 2004). In more 
detail, I consider these skills are based on mechanisms that 
efficiently control and schedule two simultaneously ongoing 
task streams. The nature of these improved task coordination 
skills could be specified by two theoretical hypotheses (Hirst 
et al., 1980; Kramer et al., 1995). First, task coordination 
skills are acquired during dual-task practice (with simulta-
neously practiced tasks) but not during single-task practice 
(with tasks practiced separately). In particular, while dual-
task practice leads to a more efficient coordination of two 
simultaneously performed task streams, the mere practice of 
single tasks does not. Second, once acquired, improved task 
coordination skills are independent from the practiced task 
situation. Consequently, task coordination skills acquired 
in a particular dual-task situation are transferable to other 
unpracticed situations. Testing these hypotheses is essential 
to demonstrate the separation of DTC from the component 
tasks and the general-purpose nature of these DTC skills.

To test these hypotheses related to the optimization of 
DTC skills, Liepelt et al. (2011) and Strobach et al. (2012b) 
compared the dual-task performance of two groups of par-
ticipants, experiencing different types of practice with a 
visual task and an auditory task. While (1) dual-task prac-
tice included intermixed presentations of both tasks in 
single tasks and dual tasks (including a SOA of 0 ms) in 
dual-task blocks and separate presentations of both tasks 
in single-task blocks (see also Hazeltine et al., 2006; Schu-
macher et al., 2001), (2) pure single-task practice included 
the exclusive presentation of the visual and auditory tasks 
in separate single-task blocks. In fact, after six sessions of 
dual-task practice, dual-task performance in the seventh test 
session improved when compared with the dual-task perfor-
mance after six sessions of single-task practice. In detail, 
this improvement was exclusively demonstrated by reduced 
dual-task RTs in the auditory task, while there was no such 

evidence in the visual task. The auditory task and the visual 
task are typically performed second and first, respectively 
(see also Hartley et al., 2011; Schumacher et al., 2001; Stro-
bach et al., 2012c, 2012d; Tombu & Jolicœur, 2004). The 
second responses in the auditory task and the first ones in the 
visual task are potentially also consistent with the order of 
processing stimulus–response selection in both component 
tasks in dual tasks, indicating a second auditory response 
selection (Task 2) and a first visual response selection (Task 
1; Ruthruff et al., 2003). However, as illustrated in Fig. 2, 
this auditory Task 2 response selection might start more 
efficiently (and therefore earlier) after dual-task practice in 
contrast to the effects of single-task practice, which could 
explain the exclusive Task 2 advantage after the former prac-
tice type.

In their efficient task instantiation model, Schubert and 
Strobach (2018) assumed that this particular advantage after 
dual-task practice is related to a more rapid switch between 
component tasks due to efficient instantiation of relevant 
task information in working memory at the onset of a dual-
task trial of the overlapping task paradigm (Fig. 2). This 
instantiation in working memory primarily involves task-set 
information of both tasks that constitute a dual task, includ-
ing their task-relevant information of stimulus–response 
mapping rules. Importantly, this does not mean that task 
sets are somehow integrated (i.e., task integration; Ruthruff 
et al., 2001, 2006), but instantiation means that tasks are rep-
resented separately but at the same time in working memory. 
In general, these findings demonstrate that DTC skills are 
acquired during dual-task practice but not during single-
task practice, and the efficient task instantiation model rep-
resents one potential mechanism for this dual-task practice 
advantage.

These findings also demonstrate a first link between 
working memory and dual tasking. The acquisition of 
DTC skills takes into account that the capacity of work-
ing memory is limited. Consequently, capacity limitations 
of the working memory may expose a burden for the suc-
cess of practice-related changes in task processing (Allen, 
2022; Cowan, 2001; Cowan et  al., 2005; G. A. Miller, 
1956). In more detail, an efficient instantiation of task-set 
information may be affected by the processing load that 
is exposed on the system due to (A) the number of task 
stimulus–response mappings and (B) their compatibility 
relations in a dual-task situation (see Maquestiaux et al., 
2004). It might be the case that under certain conditions, 
the number of stimulus–response mappings and the task 
compatibility demands may exceed the available working 
memory capacity, and this may prevent the cognitive system 
from instantiating two tasks efficiently even after dual-task 
practice (see also Huestegge & Koch, 2010). Consistently, 
a substantial increase in the number of stimulus–response 
mappings affected and eliminated the dual-task practice 
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advantage, while an increase in compatibility did not affect 
this advantage; this advantage was similarly evident under 
rather compatible and incompatible conditions. This per-
spective widens current views on practice-related changes 
in dual-task processing because it combines assumptions 
about the processing architecture during dual-task process-
ing with assumptions about the underlying working memory 
capabilities of the cognitive system (Strobach et al., 2014a).

The practice-related advantage in the auditory task as 
described by Liepelt et al. (Liepelt et al., 2011; Strobach 
et al., 2012a) was not only evident in a dual-task situation 
that was identical to the practiced situation. This advantage 
was also evident in dual-task situations that (1) included the 
practiced visual task and a new, unpracticed auditory task; 
(2) included a new, unpracticed visual task and the practiced 
auditory task; and (3) included a new, unpracticed visual 
task and a new, unpracticed auditory tasks (Schubert et al., 
2017). Importantly, the findings of these dual-task situa-
tions (1), (2), and (3) demonstrate the transferability of task 
coordination skills to structurally similar dual tasks (i.e., so-
called near-transfer effects; see also Strobach et al., 2012a, 
for rather far-transfer effects between structurally different 
task situations). In sum, dual-task practice mechanisms are 
associated with the acquisition and transfer of improved task 
coordination skills (Hirst et al., 1980; Kamienkowski et al., 
2011; Kramer et al., 1995), enabling the optimized and effi-
cient processing of two simultaneous task streams. These 
skills are independent from processes within the compo-
nent tasks and thus generally justify the separation of DTC 

processes (Level b) from the component task processing 
streams (Level a), as proposed by the DTCA framework.

Approaches from the nonpractice dual‑task 
literature

According to a nonpractice approach to clarify the separa-
tion between processes within the component tasks (Level 
a) and processes of DTC (Level b) in the context of the 
DTCA framework, the regulation of task order in dual tasks 
has been investigated in a specific version of the PRP para-
digm (Kübler et al., 2018; Luria & Meiran, 2003; Sigman 
& Dehaene, 2006). In this version, the presentation order of 
both stimuli varies randomly from trial to trial, and partici-
pants are instructed to execute two choice RT tasks accord-
ing to the order of stimulus presentation, resulting in rep-
etitions of the same task order (i.e., repetition-order trials) 
and switches between different task orders (i.e., switch-order 
trials) in successive trials. By applying this paradigm, two 
potential mechanisms of task-order regulation have been 
identified. One possibility to characterize order control is 
that the limited processing stage is simply recruited by the 
stimuli on a first-come, first-served basis, so that the order 
in which the tasks are handled is determined by which of the 
two task stimuli arrives at the limitation first; recent stud-
ies provided empirical evidence that is consistent with the 
predictions of this first-come, first-served mode (Hendrich 
et al., 2012; Leonhard et al., 2011; Ruiz Fernández et al., 
2011; Sigman & Dehaene, 2006; Strobach et al., 2018).

Fig. 2  Illustration of the hypothetical time relation of processing 
stages in a first task (Task 1) and a second task (Task 2) according 
to the efficient task instantiation model. Note. Panel (A): Hypotheti-
cal time relation of dual-task processing at the end of dual-task prac-
tice leading to efficient instantiation of the information of two tasks 
before the start of a dual-task trial (Inst) and to short dual-task RT in 
Task 2 because of a short switch from RS1 to RS2. Panel (B): Hypo-
thetical time relation of dual-task processing at the end of single-task 
practice not leading to efficient instantiation of the information of 

two tasks at the onset of a dual-task trial (Inst 1) but to an additional 
instantiation process (Inst 2) after the completion of RS1 and before 
RS2 and to long dual-task RTs in Task 2. P1 and P2 indicate the per-
ception stages; RS1 and RS2 indicate the central response-selection 
stages (including bottleneck characteristics); R1 and R2 indicate the 
response stages. Inst: instantiation of task information; Inst 1: first 
instantiation of task information; Inst 2: second instantiation of task 
information; S: switching between component tasks after the comple-
tion of RS1 and before the start of RS2
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The second possible mechanism of task-order regulation 
assumes that the order in which the tasks are performed 
might be additionally controlled by DTC processes (i.e., 
task-order coordination processes; de Jong, 2000; Schubert, 
2008). First evidence of the involvement of task-order coor-
dination in dual tasks comes from fMRI studies demonstrat-
ing increased dorsolateral prefrontal activity in dual-task 
blocks with trials of randomly varying task orders in contrast 
to the activity in blocks with a constant and predictable task 
order (Szameitat et al., 2002). In more fine-grained analy-
ses, the activity was particularly increased in switch-order 
trials in comparison to the activity in repetition-order trials 
(Szameitat et al., 2006). Further analyses showed that RTs 
and error rates are increased in switch-order versus repeti-
tion-order trials; I refer to this increase as order switch costs.

These order switch costs might be the first evidence of the 
involvement of task-order coordination in dual tasks. How-
ever, the mere presence of increased dorsolateral prefrontal 
activity during switch-order trials does not necessarily imply 
the presence of a coordination process but could instead 
reflect passive, expectation-related effects, signaling con-
flicts. In addition, increased RTs and error rates in switch- 
versus repetition-order trials can result from violations of 
expectations for task sequences (Muhle-Karbe et al., 2018) 
or higher-order binding effects (Frings et al., 2020). Given 
the example of higher-order binding effects, features of the 
stimulus environment, the order of these stimuli, responses, 
and response orders in that environment, as well as subse-
quent response effects, might be integrated into event files 
(Hommel, 2004). The repetition of a specific order of stimu-
lus modalities improves the retrieval of an episode, includ-
ing this order, improving performance in repetition-order 
trials. In contrast, a switch between specific orders impairs 
the retrieval of an episode, including this order, and thus 
impairs the performance in switch-order trials.

Because of these assumptions from theories on passive, 
expectation-related effects, several studies aimed at charac-
terizing the underlying active DTC mechanisms (Level b in 
the DTCA framework) that lead to order switch costs. One 
mechanism explains these costs by assuming task-order rep-
resentations (Kübler et al., 2018). According to the assump-
tion of task-order representations, in repetition-order trials, 
the task-order set (representing the task order in a dual-task 
trial) of the previous trial can be applied in the following 
trial. However, in switch-order trials, a new task-order set 
requires its implementation. That means the old task-order 
set of the previous trial needs to be inhibited and/or the new 
task-order set of the following trial needs to be activated due 
to DTC processes.

In alternative investigations on DTC processes (i.e., Level 
b), Hirsch et al. (2021) applied a paradigm in which two 
tasks are performed with varying temporal overlap (i.e., 
different SOAs) and different task versions are combined 

in different task pairs, indicated by task-version cues. The 
authors used two cues per task pair and found typical dual-
task interference, indicating that dual-task performance is 
impaired as a function of increased temporal overlap. Fur-
thermore, they observed cue switch costs, possibly reflecting 
perceptual cue priming. Importantly, however, there were 
also task-pair switch costs that occurred even when control-
ling for cue switching. This suggests that task-pair switching 
per se produces a performance cost that cannot be reduced to 
the costs of cue switching (Logan & Schneider, 2006). Addi-
tionally, the authors employed a go/no-go-like manipulation 
and observed task-pair switch costs even after no-go trials 
where subjects prepared for a task pair but did not perform 
this pair. Thus, there is evidence showing that task pairs 
are already activated before performing a dual task. Hirsch 
et al.’s data provided evidence for a representation, including 
the task-pair set, that is organized at a hierarchically different 
level than the processes of the individual component tasks 
of a dual task. This conclusion confirms previous studies by 
this group of authors (Hirsch et al., 2017, 2018). In sum, this 
conclusion of task-pair representations on a different level 
than the representations of the individual component tasks is 
generally consistent with the assumption of task-order rep-
resentations. This is also consistent with the assumption of 
the DTCA framework that DTC processes such as task-pair 
representations (Level b) are separable from the component 
tasks, constituting a dual task (Level a).

Further empirical evidence for higher-order representa-
tions, including task-order information, on the DTC-Level 
b stems from a study by Kübler et al. (2022a). In this study, 
we applied a dual task with randomly variable task orders 
consisting of an auditory and a visual task. In addition to 
task order, the visual task varied randomly between two task 
versions from trial to trial, while the auditory task remained 
constant in a first experiment. In a second experiment, the 
auditory task varied between two auditory task versions, and 
the visual task was constant, while both component tasks 
varied in a third experiment. In all experiments, performance 
benefits occurred in trials with a repeated task order rela-
tive to trials with a switched task order, irrespective of the 
repeated or the switched component task version. This indi-
cates that task-order representations in dual tasks contain 
task-order information but no exclusive information about 
the individual component tasks.

We also demonstrated that these task-order representa-
tions require resources in the working memory (Kübler 
et al., 2022b). In detail, theories on task-order coordina-
tion suggest that these DTC processes rely on order rep-
resentations that are actively maintained and processed in 
this memory component. Importantly, as working memory 
has only limited capacity (Baddeley, 2003; Cowan, 2010), 
this explanation conceptualizes task-order coordination 
as a resource-dependent process. Kübler et  al. (2022b) 



Psychonomic Bulletin & Review 

1 3

empirically demonstrated this contribution of working mem-
ory as follows: In their study, the load on working memory 
resources was varied either by tasks with different numbers 
of stimulus–response mappings or by a working memory 
task in addition to the dual task (i.e., maintaining a number 
sequence in working memory during performing dual-task 
blocks). The results of both manipulations demonstrated that 
the performance benefits for trials with repeated task orders 
relative to trials with switched task orders were reduced 
under high compared with low working memory load. That 
is, the benefit of repeating task orders is reduced if the pre-
vious task-order set cannot be easily maintained because of 
the high working memory load. This reduction results from 
the fact that task-order representations of the previous tri-
als cannot be applied under repeated task-order conditions 
when a high amount of information occupies the working 
memory. These results were elegantly confirmed in a reverse 
relationship by Otermans et al. (2022). The authors showed 
that the working memory span was lower under conditions 
of dual tasks with random task orders in comparison to dual 
tasks with constant task orders (Experiment 2). Importantly, 
comparing different conditions of random order dual tasks, 
this span was also lower when the number of order switches 
was high versus when the number of order switches was low 
(Experiment 3).

The results of the previous section confirm the assump-
tion that task-order information for processing DTC relies 
on working memory resources. These results also complete 
the review of literature about (1) dual-task practice and (2) 
dual-task processing without practice components in this 
section, pointing out the existence of DTC processes (Level 
b). This section also specified the characteristics of these 
processes and their separation from the processing streams 
of the component tasks (Level a), which is a key assumption 
of the DTCA framework.

From a broader perspective beyond the DTCA framework 
and the overlapping task paradigm, this key component is 
explicitly consistent with previous cognitive architectures, 
such as EPIC (Meyer & Kieras, 1997), ECTVA (Logan & 
Gordon, 2001), ACT-R (Byrne & Anderson, 2001), and 
threaded cognition (Salvucci & Taatgen, 2008). In EPIC, 
DTC is explained through an independent mechanism known 
as the strategic response deferment model. This response 
deferment strategy is assumed to be supervised by an execu-
tive process that controls the selection of component task 
responses (Meyer & Kieras, 1997). Importantly, EPIC ena-
bles the possibility that the executive process may interact 
with working memory load, as components of the task are 
stored in working memory until released for a response. 
Unlike the DTCA framework, EPIC establishes an explicit 
and formal connection between working memory load, DTC, 
and the differentiation between mechanisms underlying com-
ponent tasks. Further, EPIC does not exclude the possibility 

of full parallel processing of component tasks. Similarly, 
the ECTVA framework of Logan and Gordan explains how 
subordinate processes in component tasks are programmed 
by a set of parameters and how executive processing (equiva-
lent to DTC) programs these parameters. This way, ECTVA 
allows serial as well as parallel component task process-
ing, depending on the parameter programming. In contrast, 
ACT-R (Byrne & Anderson, 2001) assumes a mechanism 
similar to DTC, with the crucial addition that production 
rules must be carried out serially, resembling a central bot-
tleneck such as in the DTCA framework. Notably, recent 
neural network models have also presented advancements 
in DTC, wherein the limitations in the capability to coor-
dinate multiple tasks can be explained by representation 
sharing between tasks. Neural systems trade the benefits of 
shared representation for rapid learning and generalization 
against constraints on performance multiple tasks (Musslick 
& Cohen, 2021).

Similar to EPIC, the threaded cognition model (Salvucci 
& Taatgen, 2008) assumes the independence of component 
processes and DTC. In this architecture, DTC is carried out 
by architectural rules without the involvement of a central 
executive or the assumption of a central bottleneck. The 
threaded cognition model proposes that task components 
are scheduled in a greedy and polite manner to occupy 
resources. Therefore, the model suggests that DTC occurs 
independently, although it allows for interactions between 
changes in the component processes and the scheduling 
scheme. Taatgen and Lee (2003) explain the observed dual-
task practice effects, which are surveyed in the present 
review, in terms of production compilation, which involves 
chunking the processes for component tasks. Importantly, 
contrary to the implications in the current paper, the mecha-
nism of production compilation suggests that improvements 
in multitasking cannot be solely explained by enhancements 
in the component tasks. Instead, the chunking of task com-
ponents reduces the need to schedule retrievals from declara-
tive memory, enabling more flexible scheduling strategies. 
Thus, the architectures EPIC, ECTVA, ACT-R, and threated 
cognition can provide a high level of predictive precision 
that goes even beyond the current DTCA framework. The 
latter rather aims at structuring different processing levels 
for dual tasks (i.e., Levels a, b, and c).

Characteristics of coordination adjustment

After demonstrating the separability of a set of DTC pro-
cesses from the set of processes within the component tasks, 
the DTCA framework assumes that there is a level that is 
responsible for adjusting these coordination processes. Fig-
ure 1 illustrates this Level c of DTCA. In this section, I first 
present empirical results that demonstrate this adjustment in 
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the overlapping task context to illustrate how coordination 
adjustment is manifested in this context. Secondly, I outline 
how such adjustment is realized in contexts outside dual 
tasks (e.g., in conflict paradigms and paradigms assessing 
cognitive control). Thirdly, a literature review aims at illus-
trating the similarities and differences between DTC and 
DTCA, opening up the question of whether it is warranted to 
add an additional meta-control adjustment Level c (in addi-
tion to DTC on Level b) to the DTCA framework.

Empirical findings illustrating coordination 
adjustment

One of the first empirical illustrations of DTCA was illus-
trated as follows: To adjust DTC, we implemented a dual 
task with a combination of a visual number task and an 
auditory tone task. This dual-task combination was pre-
sented with a random stimulus order under two instruction 
conditions: Participants were told to respond either in the 
order of stimulus presentation or in the order they preferred 
(Strobach et al., 2018). RTs generally decreased under the 
preferred condition in comparison to the condition with 
responses according to the stimulus-order presentation, in 
particular under long SOA conditions. Under the same con-
ditions, participants produced more response reversals (i.e., 
responses carried out in the opposite order as the stimu-
lus order would mandate). These findings might indicate 
that meta-control of DTCA is engaged in determining task 
order when the participants are explicitly told to respond in 
the order of stimulus presentation (in comparison to when 

they perform a preferred order) and when an increased DTC 
resource is required. This determination is assumed to be a 
coordination adjustment since it modulates the coordination 
of dual tasks.

Another very recent approach to illustrate the adjustment 
of DTC experimentally is the fact that order switch costs 
between switch-order versus repetition-order conditions in 
a current trial are modulated by the order sequence status of 
the predecessor trial. Specifically, Strobach and colleagues 
(Strobach et al., 2021, 2023; Strobach & Wendt, 2022) dem-
onstrated reduced order switch costs in current trial N when 
the previous trial N − 1 itself involved a switch of task order 
(i.e., the task order changed from the penultimate trial N − 2 
to previous trial N − 1) compared with when this previous 
trial N − 1 involved a repetition (i.e., the task order did not 
change from the penultimate trial N − 2 to previous trial 
N − 1). This switch adjustment effect is illustrated in Fig. 3, 
and the component-task combinations in which this effect 
was demonstrated are depicted in Fig. 4. The switch adjust-
ment effect occurred for

• both component tasks in dual-task situations (i.e., Task 
1 and Task 2);

• RTs, error rates, and response reversal rates on manual 
responses (Strobach et  al., 2021, 2023; Strobach & 
Wendt, 2022), as well as on oculomotor responses (Stro-
bach et al., 2023); and

• situations with component tasks that were not differen-
tiated according to dominance (Strobach et al., 2021; 
Strobach & Wendt, 2022) as well as in situations with 

Fig. 3  Illustration of hypothetical data showing the switch adjust-
ment effect. Note. The order switch costs (i.e., the difference between 
current repetition-order trials and current switch-order trials) are 
reduced after previous switch-order trials in comparison to previous 
repetition-order trials. The switch adjustment effect is illustrated for 

reaction times on a first task (RT1), reaction times on a second task 
(RT2), error rates on a first task (Error 1), error rates on a second task 
(Error 2), and reversal rates. Note that the switch adjustment effect 
comes with different generic forms for different data
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component tasks of different dominances (Strobach et al., 
2023).

Additionally, the switch adjustment effect occurred for 
several experimental conditions that this review elaborates 
more on below. That is, in the overlapping task context, this 
effect

• occurred for short and relatively long intervals between 
task stimuli (i.e., different SOAs; Strobach et al., 2021);

• was observed for two-choice tasks and three-choice tasks 
(i.e., different memory loads; Strobach et al., 2021);

• was observed for short or long intervals between trials 
(i.e., different intertrial intervals; Strobach & Wendt, 
2022); and

• was evident in situations with task orders of equal prefer-
ence (Strobach et al., 2021; Strobach & Wendt, 2022) as 
well as in situations with task orders of nonequal pref-
erences (i.e., different task-order preferences; Strobach 
et al., 2023).

Alternative pivotal contexts for the illustration of DTCA 
might be the free concurrent dual-task paradigm (Brüning 
et al., 2020) and the paradigm of dual-memory retrieval 
(Orscheschek et al., 2019; Strobach et al., 2014b). Research 
utilizing these paradigms has demonstrated that participants 
tend to organize their voluntary dual-task behavior through 
strategies such as blocking, switching, or response grouping 
(Brüning et al., 2021; Brüning & Manzey, 2018), as well 

as response grouping and nongrouping (Nino & Rickard, 
2003), respectively.

Cognitive control adjustment outside dual tasks

The switch adjustment effect of reduced order switch costs 
after task-order switches versus after task-order repetitions 
(Strobach et al., 2021) basically resembles the Gratton effect 
phenomenon in investigations of trial-wise cognitive control 
adjustment in conflict paradigms (Gratton et al., 1992) and is 
based on the assumption of domain-general control adapta-
tion theories (Botvinick et al., 2001; Miyake et al., 2000). 
These conflict paradigms have demonstrated ample evidence 
for cognitive processing of stimulus aspects that are irrel-
evant to a current task (i.e., aspects that contain information 
not necessary for the currently correct task performance). 
Prominent examples of this processing of irrelevant informa-
tion can be seen in relative performance impairments when a 
distractor stimulus feature, such as a word in the Stroop task 
(Stroop, 1935), a stimulus object adjacent to the target stim-
ulus in the Eriksen flanker task (Eriksen & Eriksen, 1974), 
or the stimulus location in the Simon task (Simon & Small, 
1969), is associated with an incorrect response in compari-
son with conditions without features of incorrect response 
information. For instance, when participants have to respond 
to the ink of Stroop color words, performance is impaired 
under incongruent conditions (i.e., ink and word meaning 
do not match, such as in RED) in comparison to congruent 
conditions (i.e., ink and word meaning match, such as in 
BLACK), generally resulting in a congruency effect in the 

Fig. 4  Illustration of component-task combinations in which the 
switch adjustment effect was demonstrated. Note. Panel (A): Visual 
and auditory tasks with manual-manual response combinations in 
Strobach et  al. (2021) and Strobach and Wendt (2022). Panel (B): 

Tasks with oculomotor and manual response combinations in Stro-
bach et al. (2023). The tasks combinations in A and B are also pre-
sented in alternative orders
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form of the prominent Stroop effect in this task. Such result 
patterns suggest distractor-related response activation that 
interferes with responding to the target stimulus feature.

It has been shown that the size of the congruency effects 
depends, among others, on the recency of congruent and 
incongruent trials in conflict paradigms. More precisely, 
congruency effects are reduced in a current trial N after 
experiencing an incongruent stimulus in a previous trial 
N – 1 in comparison with these effects after a congruent 
stimulus in a previous trial (i.e., the Gratton effect; Grat-
ton et al., 1992; Mayr & Awh, 2009). Since congruency 
effects are smaller after incongruent trials, researchers infer 
that adaptive processes are putatively triggered and there 
is greater recruitment of cognitive control; this greater 
recruitment is the consequence of adjustment of executive 
control (Chiu & Egner, 2019). Such short-lived, dynamic 
adjustment of executive control are particularly important 
for matching processing modes (e.g., an increased focus on 
ink information than on word meaning information in color 
Stroop stimuli) as a consequence of changing environmental 
demands and/or as a response to conflict experience as well 
as performance monitoring signals (e.g., a conflict; Botvin-
ick et al., 2001; Goschke, 2003).

Research on executive control adjustment is concerned 
with how control is regulated in a dynamic and time-varying 
manner to capture both the need to deal with a changing 
environment as well as the notion that executive control is 
demanding and costly and should be imposed only as much 
as necessary (Shenhav et al., 2013). The seminal conflict-
monitoring account (Botvinick et al., 2001) proposed that 
conflict between task information is detected by a top-down 
conflict monitor, which signals the need for adaptation to 
specific executive control modules. While other theoretical 
accounts discuss the need for the existence of such modules 
and the integration between control modules and task-spe-
cific learning (e.g., contingency learning, associative learn-
ing, episodic memory of stimulus–response episodes; for a 
recent discussion, see Braem et al., 2019), most control theo-
ries assume some sort of adjustment of control to just-expe-
rienced conflict between competing information to explain 
the Gratton effect. These control adjustment processes of the 
conflict-monitoring account (Botvinick et al., 2001) are usu-
ally assumed to be rather generic in nature, so it seems plau-
sible to assume that the adjustment in DTC is coordinated 
or initiated by the very same processes as the adjustment in 
conflict processing. Thus, it might be that similar dynamic 
adjustment in cognitive control regulate conflict processing 
and DTC. In particular, this DTCA might regulate task-order 
coordination across trials (e.g., Strobach et al., 2021). This 
adjustment would explain modulations in the order switch 
costs, as illustrated by the switch adjustment effect.

Given that transfer of practice effects is a major issue in 
the cognitive training literature and the literature on DTC, it 

is relevant to analyze the existing literature on DTCA with 
a focus on transfer. According to the author’s knowledge, 
there is no study investigating practice effects on the switch 
adjustment effect. However, there are informative studies in 
the literature beyond dual tasks. First, in task-switching stud-
ies (Kiesel et al., 2010; Koch et al., 2018), there is research 
on the so-called switch-readiness based on manipulations 
of the proportion of task switches within an experimental 
block. With frequent task switches in comparison to infre-
quent task switches, there is a reduction in task-switch costs 
(i.e., longer RTs in task-switch trials in comparison to RTs 
in task-repetition trials). Importantly, recent studies showed 
that this “coordination bias” does not transfer to contexts 
with new component tasks (Chiu & Egner, 2019). This 
seems to suggest that this type of meta-control is specific to 
the situation at hand and does not transfer easily.

In contrast, the response execution mode in dual-retrieval 
practice situations (Orscheschek et al., 2019; Strobach et al., 
2014b) is either some kind of chunked retrieval of two 
responses from long-term memory with a grouped and syn-
chronized response execution (grouping mode) or to execute 
each response sequentially as soon as it is retrieved from 
long-term memory (non-grouping mode). Studies showed 
that the non-grouping and grouping response modes can be 
transferred after dual-retrieval practice to different sets of 
cues. So, these meta-control modes during dual-retrieval 
practice are transferable to some extent. Thus, the studies 
elaborated in this section allow for different conclusions 
regarding the transfer of meta-control skills. Furthermore, 
it would be relevant to adapt the current assumptions about 
practice on DTCA to early-perceptual phenomena of visual 
dominance effects in the context of visual and auditory tar-
gets (Colavita, 1974; Sinnett et al., 2007). However, discuss-
ing these studies in a wider context might make the present 
study even more interesting for a more general readership.

Similarities and differences between dual‑task 
coordination and coordination adjustment

Before there is research on the specific nature of the mecha-
nisms of the switch adjustment effect, it is relevant to justify 
the existence of processes that are associated with DTCA. 
That is, it is relevant to show that processes of DTCA on 
Level c are separable from DTC processes on Level b of the 
DTCA framework. Therefore, I ask whether there are empir-
ical findings that not only illustrate DTCA, but whether there 
is evidence that justifies the separability of DTC processes 
and cognitive meta-control that adjusts those coordination 
processes.

Focusing on practice and nonpractice studies, the effi-
cient task instantiation model (Schubert & Strobach, 2018) 
assumes that the practice-related optimization of DTC 
skills mainly improves Task 2 performance in a dual-task 
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situation, while DTCA showed effects on Task 1 as well as 
Task 2 in nonpractice studies (e.g., Strobach et al., 2021). 
Thus, this set of empirical findings indirectly shows differ-
ences between DTC and DTCA findings, which is consistent 
with the assumed separability of these sets of processes. 
Furthermore, there are empirical indicators that support this 
separability in nonpractice studies exclusively. These indi-
cators are derived from four experimental factors—namely, 
(1) SOA, (2) memory load, (3) intertrial interval, and (4) 
task-order preference—and their impact on DTC processes 
and DTCA processes. An impact indicates that these experi-
mental factors modulate these sets of processes, whereas a 
lack of impact is supported by the finding of no modulation 
of these sets due to these factors. The finding of different 
impacts of experimental factors on both sets of processes 
is consistent with the assumption of different characteris-
tics and thus distinct mechanisms underlying these sets. 
For example, an experimental factor has an effect on DTC 
but not on DTCA. This dissociation could point to distinct 
mechanisms for these sets of processes, which is consistent 
with the assumption of separable sets. This separation is 
consistent with the DTCA framework, which distinguishes 
between DTC on Level b and DTCA on Level c.

First, Luria and Meiran (2003, 2006), as well as Strobach 
et al. (2021), demonstrated that the PRP effect in the second 
task of PRP situations is reduced under conditions of task 
order repetitions in comparison to task order switches. So, 
when the current trial N and the previous trial N – 1 repre-
sent the same task order compared with different task orders 
across trials, PRP effects are reduced. This reduction shows 
that DTC processes affect the effect of SOA on performance 
in Task 2. However, this reduction of the PRP effect based 
on the task order in the current trial in relation to the previ-
ous trial is not further modulated by the task order condi-
tion of the previous trials in relation to the penultimate trial 
(i.e., there is no effect of the “order sequence” status of the 
predecessor trial on the modulation of the PRP effect; Stro-
bach et al., 2021). This set of findings demonstrates distinct 
characteristics of DTC processes (i.e., the current task-order 
condition affects the PRP effect) and the adjustment of those 
processes (i.e., the interaction of previous and current task-
order conditions does not affect the PRP effect). Thus, there 
is no evidence from the SOA factor that DTC processes 
and meta-control that adjusts those coordination processes 
underlie the same characteristics and mechanisms. Rather, 
these findings support the assumption that the coordination 
processes and their adjustment represent different sets of 
mechanisms, which is consistent with key predictions of the 
DTCA framework of separable DTC and DTCA.

Second, we have demonstrated that task-order informa-
tion is actively maintained and processed in task-order repre-
sentations that require resources from the working memory 
(Kübler et al., 2022b). We empirically demonstrated this 

contribution of working memory by varying the task diffi-
culty and, in particular, the memory load of the component 
tasks by varying the number of stimulus–response task map-
pings (i.e., high versus low mapping numbers refer to high 
versus low memory load, respectively). The performance 
benefits for trials with repeated task orders relative to trials 
with switched task orders were reduced under high com-
pared with low working memory loads (i.e., order switch 
costs were reduced). Thus, memory load has an impact 
on DTC. Importantly, Strobach et al. (2021) provided no 
evidence that the interaction of task order in the previous 
trial N − 1 and in the current trial N was modulated by dif-
ferent stimulus–response mapping numbers. Thus, there is 
no evidence of an impact of memory load on DTCA. The 
latter is problematic when assuming that cognitive control 
is involved in DTCA since cognitive control, at least in the 
context of conflict monitoring, would hypothesize relying 
on working memory as a mediating representation of task 
goals (Botvinick et al., 2001). However, the latter study of 
Strobach et al. did not provide evidence of an impact of 
the memory load variation on order switch costs in the cur-
rent trial N and thus DTC (in contrast to the findings of 
Kübler et al., 2022b). So, based on this inconsistent set of 
findings, it remains an open issue at the moment, whether 
DTC processes and their adjustment represent distinct sets 
of mechanisms.

Third, the combination of intertrial interval, current trial 
order, and previous trial order was not significant in Strobach 
and Wendt (2022). Thus, the switch adjustment effect is not 
modulated by the time intervals between trials (i.e., these 
intervals do not affect DTCA). In contrast, the combination 
of these intervals and the current trial order demonstrated 
a trend for decreased order switch costs after shorter inter-
trial intervals in comparison with longer intertrial intervals. 
Thus, the modulation of the interval between tasks dem-
onstrated a trend for a modulation of DTC. So, there are 
first indicators for distinct mechanisms of the impact of the 
intertrial interval on DTC (Level b) and DTCA (Level c) in 
the DTCA framework.

Fourth, it has been shown that task-order scheduling pro-
cesses take task-specific characteristics into account: task 
order switches were easier and order switch costs were lower 
when switching to a preferred (versus nonpreferred) task 
order (Huestegge et al., 2021). In addition, Strobach et al. 
(2023) asked whether a task order switch in a previous trial 
facilitates a task order switch in a current trial and takes task-
specific and task-order-specific characteristics into account. 
Based on three experiments involving task order switches 
between a preferred (dominant oculomotor task prior to a 
nondominant manual/pedal task) and a nonpreferred (vice 
versa) order, the authors replicated the finding that task order 
switching (in Trial N) is facilitated after a previous switch 
(versus repetition in Trial N − 1) in task order. However, 
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there was no substantial evidence in favor of a significant 
difference when switching to the preferred versus nonpre-
ferred order and in the analyses of the dominant oculomotor 
task and the nondominant manual task. This indicates dif-
ferent characteristics underlying the control of immediate 
task order configuration (indexed by order switch costs) and 
the sequential modulation of these costs based on the task 
order sequence in the previous trial. In essence, these find-
ings support the assumption that the coordination processes 
and their adjustment represent distinct sets of mechanisms. 
According to the applied logic, these findings are consistent 
with key predictions of the DTCA framework and a separa-
tion of Level b (DTC) and Level c (DTCA).

Note that several arguments in the present section are 
of the nature that an experimental manipulation (e.g., the 
manipulation of the intertrial interval in Strobach & Wendt, 
2022) affects DTC, but not DTCA. It seems that mostly 
effects for the more low-level DTC are shown, while effects 
for the more high-level DTCA are absent and generally 
DTCA does not seem to “respond” to any variation so far 
and is simply a robust but invariable finding. This imbal-
ance is a bit problematic because one would expect some-
what smaller effects for the more high-level DTCA, and the 
arguments are based on null effects. It would be very strong 
evidence if there is a manipulation that affects DTCA but 
not DTC. Since the present manuscript does not include new 
data, lacking systematic data synthesis such as systematic 
meta-analyses do not offer insights into the validity of the 
applied logic in the present sections. Nevertheless, this lack 
of insight does not affect the conclusions about the existence 
of the switch adjustment effect that are based on statistically 
significant results.

Summarizing the present section, there are empirical 
demonstrations of the phenomenon of DTCA (Strobach 
et al., 2018, 2021, 2023; Strobach & Wendt, 2022). These 
demonstrations reflect consistent demonstrations in contexts 
beyond dual tasks—namely, conflict paradigms (e.g., Bot-
vinick et al., 2001; Gratton et al., 1992; Kerns et al., 2004). 
Thus, these phenomena in dual tasks and beyond might be 
associated with the same underlying mechanisms. However, 
I illustrated some factors in dual tasks that point to distinct 
mechanisms underlying DTC processes and meta-control 
processes of DTCA. This difference is consistent with the 
assumptions of the DTCA framework, separating the Levels 
b and c. However, not all experimental factors in empirical 
studies (e.g., memory load) provide conclusive evidence for 
such a distinction. So, additional empirical tests are required 
to allow conclusive assumptions about the DTCA framework 
and its validity.

One first step to test the validity of the DTCA framework 
could be to investigate the separability of processes within 
the component tasks versus DTC processes/processes of 
DTCA. With reference to paradigms of adaptive cognitive 

control, numerous researchers have pointed out that clas-
sic asserted indices of adaptive control in conflict tasks can 
often be interpreted by the characteristics of the constituent 
component tasks in terms of more basic stimulus–stimulus 
or stimulus–response learning processes (for a review, see 
Schmidt, 2019). These considerations have led to various 
theoretical discussions as to how such forms of lower-level 
task-set learning relate to cognitive control and might argue 
against such an independent control component. However, 
studies in this domain generally agree that manipulations 
that promote learning at this task-set level are relatively easy 
to avoid. Therefore, if researchers want to study adaptive 
control independent of low-level learning in the context of 
DTC (Braem et al., 2019), one recommendation is that they 
employ paradigms that are designed to minimize opportuni-
ties for exploiting stimulus–response or stimulus–stimulus 
associations (e.g., by avoiding stimulus–response or stimu-
lus–stimulus repetitions across trials).

Another key assumption of the DTCA framework is the 
existence of processes of DTCA that (meta-)control a sepa-
rate set of DTC processes. The basic idea for investigating 
this assumption is the following: If these sets of processes 
are separate from each other, then they could have distinct 
mechanisms, and they should thus respond differently to 
the same experimental manipulations. For instance, future 
studies could investigate how similar or dissimilar DTC 
and DTCA is related to working memory resources. This 
endeavor can be realized with two experimental approaches: 
How do DTC and DTCA react to (1) dual tasks with a vari-
ation of the number of stimulus–response mappings within 
the component tasks (e.g., four- versus two-forced choice 
tasks) and (2) dual tasks with variation due to an additional 
working memory task? The investigation of practice could 
be another approach to disentangle DTC and DTCA. This 
approach starts with the conclusion that DTC can gener-
ally be improved with practice (Strobach, 2020). However, 
according to the separability assumption, practice should 
have no impact on coordination adjustment. Findings from 
attentional adjustments during task switching showed no evi-
dence for practice effects (while task switching itself did; 
Strobach et al., 2020), which would be consistent with this 
assumption and would show immunity of adjustment pro-
cesses to practice.

Summary

The current paper presents the DTCA framework. In this 
framework, there are active DTC processes (Level b) that 
work on the scheduling of capacity-limited processing 
stages of two simultaneous tasks in the overlapping task 
paradigm (Level a). However, there are recent findings that 
point to a meta-cognitive control level in addition to these 
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active coordination processes (Level c). This additional 
level’s responsibility is to adjust DTC to efficiently sched-
ule capacity-limited stages. I provide reviews of evidence 
focusing on the existence of DTC processes and processes 
of DTCA. The remainder of the paper elaborates on pre-
liminary findings, which point to a separability of these 
sets of processes, which is a key assumption of the DTCA 
framework, and to a meta-control level of DTC.
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