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ABSTRACT ARTICLE HISTORY

In a companion piece (Fisher, Keene, Huskey, & Weber, 2018), we reviewed Received 12 November 2017

the foundations and current state of the Limited Capacity Model of  Accepted 7 October 2018

Motivated Mediated Message Processing (LC4AMP). In this manuscript we

return to the three areas investigated in our review: cognitive load, LCAMP: motivation:
L. . . R N ; motivation;

motivation, and memory. In each domain, we: (a) outline areas in which attention; memory:

the LC4AMP has produced unexpected or ambiguous findings; (b) look  theoretical update

broadly at literature from biology, cognitive psychology, and

neuroscience to inform and clarify definitions of key terms; (c) develop

an updated, cohesive framework of assumptions and predictions of the

LC4MP; and (d) propose a roadmap for testing the proposed framework.

We conclude with a discussion of the LC4AMP’s continued relevance for

understanding dynamic, interactive, multimodal communication

phenomena.

KEYWORDS

The truth is that we must be constantly critical; self-critical with respect to our own theories, and self-critical with
respect to our own criticism; and, of course, we must never evade an issue.
— Karl Popper, 1985’

A prominent philosophy of scientific inquiry advocates for specifying models and theories such
that they can be demonstrated as false through the accumulation of empirical evidence; this is
known as falsification (Popper, 1959/2002). Within a falsification framework, no theory is necessarily
true. Rather, theories are approximations of truth that should be abandoned when a better approxi-
mation is formulated. At the time of its initial development, the Limited Capacity Model of Motivated
Mediated Message Processing (Lang, 2000, 2009) was unique in its efforts to develop a novel frame-
work through which the ‘black box’ of cognitive processing could be pried open - creating a more
informed and biologically plausible approximation of the complex, nonlinear, dynamic processes
involved in communication.

Almost two decades have passed since the original publication of the model, and a large quantity
of extant research supports its central assumptions and predictions (Fisher, Keene, Huskey, & Weber,
2018). However, there are several specific areas where model predictions and recent empirical
findings do not align. If we understand falsification as a guiding principle of communication
science (Slater & Gleason, 2012), then we are forced to ask: are these observed inconsistencies
sufficient to falsify the LC4MP? More directly, is it time to abandon the LC4MP in favor of a better
approximation of reality? In short, our answer to this question is ‘no.’
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We propose that the observed inconsistencies can be made consistent within the LC4AMP frame-
work through a process of model clarification (DeAndrea & Holbert, 2017). More specifically, we argue
that progress toward resolving these inconsistencies can be achieved by elucidating mechanisms
underlying key processes such as resource allocation and memory as well as clarifying a selection
of conceptual issues in the model. In this manuscript, as in (Fisher et al., 2018), we turn to three
broad domains within LC4AMP research: cognitive load, motivated processing, and memory. In
each domain we undertake several tasks. First, we outline areas in which the model has produced
ambiguous or inconsistent findings, as well as areas in which the model would benefit from
further conceptual or operational clarification. Next, we review the literature that informs the
LC4MP, synthesizing recent theories and data from biology, cognitive psychology, and neuroscience
in order to address observed conceptual and operational issues in the model. Finally, we develop an
updated, cohesive framework of assumptions and predictions for the LC4MP, discussing how each of
these changes contribute to the utility of the model for testing questions of interest for communi-
cation scholars (for a summary of these changes see Table 1). In each section, we generate a selection
of hypotheses and present a roadmap for their testing. We conclude by situating the LC4MP within
the milieu of modern communication science.

Cognitive load

The LC4MP proposes that the human processing system is capacity limited - an idea with a long
history of support (Bjorklund & Harnishfeger, 1990; Chandler & Sweller, 1991; Kahneman, 1973;
Posner, 1978; Schneider & Shiffrin, 1977; Zechmeister & Nyberg, 1982). The LC4MP argues that cog-
nitive resources exist in a single, central pool (Lang, 2000, 2009). This proposition is in contrast to
many other theories and models that propose that cognitive resource limitations are not monolithic,
choosing to consider resources in a modality-specific or task-specific manner (Baddeley, 1992; Basil,
1994a; Wickens, 1991). The LC4MP discusses cognitive resources using the metaphor of a ‘pie’ with
four slices: resources required, resources allocated, resources available, and resources remaining (Lang &
Basil, 1998; Lang, Bradley, Park, Shin, & Chung, 2006).

In the LC4MP, it is proposed that the human processing system dynamically allocates resources to
encoding, storage, and retrieval processes and that these resources are required (consumed) at a rate
commensurate with message complexity (Lang, 2000, 2009). Message complexity in the LC4AMP is
conceptualized as the availability of processing resources (Lang et al., 2015; Lang, Kurita, Gao, &
Rubenking, 2013) and can be measured as information introduced per second (ii/sec) or per
camera cut (ii/cc; Lang et al., 2006). A key prediction of the LCAMP is that message complexity inter-
acts with pacing, individual cognitive differences, and emotional content to load the processing
system and thereby reduce the available cognitive resources. Decreasing resources available for pro-
cessing is reflected in lengthening secondary task reaction times (Lang & Basil, 1998; Lang et al., 2006)
and reduced memory for presented content. On the whole, the LC4AMP’s predictions in the area of
cognitive load have found broad experimental support (Fisher et al., 2018). A selection of recent
results, though, are not well characterized by the current model, necessitating clarification of the
model’s assumptions and predictions.

Unexpected findings and inconsistencies

As mentioned above, the LCAMP assumes that audio and visual information both draw from a central,
unitary resource pool. The LC4AMP holds that audio and visual information load the processing system
with different speed and in different amounts, but does not allow for the idea that auditory and visual
information may require different resources to process (Lang, Potter, & Bolls, 1999). A subset of
LC4MP research suggests, though, that the resource pool may be meaningfully separable by
modality. For example, a study by (Bolls, 2002) found that audio processing only interfered with a
visual task when the audio messages were high in imagery. These findings are corroborated by
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Table 1. Comparing the current LC4AMP to proposed updates.

Domain Extant LC4AMP Proposed Updates Utility of Proposed Update
Cognitive No delineation between cognitive  Cognitive and perceptual resources  Can account for increasing evidence
Load and perceptual resources. are considered as meaningfully suggesting that cognitive and
separable, each having unique perceptual load interact to
effects on message processing. influence message processing
outcomes rather than both
drawing from the same pool.

The LCAMP does not currently Resources are conceptualized as ‘Resources required’ by a message
specify a physical mechanism for relating to chemical, spatial, and processing task can be specified in
resource limitations. temporal constraints. a more precise fashion.

Visual and auditory processes Visual and auditory resources are Explains and provides a path forward
draw from same central pool, also separable, but only for for inconsistent and sometimes
although differences in quantity perceptual processing. contradictory findings regarding
of resources required and audiovisual redundancy and
processing speed allowed resource availability.
between modalities.

Motivated Reward learning and controlled Motivation is proposed to be related  Introduces a mechanism through
Processing resource allocation in relation to to rigid or flexible associations which stimuli in the environment
individual goals are theoretically with reward/threat magnitude, can acquire motivational relevance
characterized in the model, but likelihood, and proximity. in a task-specific or contextual
further conceptual / operational  These associations drive a response manner and allows for better
clarity is needed. competition process wherein characterization of individual
particular stimuli are ‘biased differences in motivational
upward’ or downward based on relevance.
their relevance

Cognitive overload is Cognitive overload is Parsimoniously explains behavioral /
characterized as related to an reconceptualized as physiological findings from the
imbalance of resource motivationally-driven cognitive cognitive overload literature and
requirements and resource offload. It is proposed that the defensive processing/
allocation resulting in resources are allocated away from avoidance literature regarding
decrements in message the message processing task when resource allocation away from a
processing effectiveness. effort is mismatched with message task.

rewardingness or when messages
induce excess negative affect or
threat.
Memory No structural model of memory is  Henke's (2010) processing-based Allows for increased clarity and

proposed in the model,
although general discussion of
mechanisms (spreading
activation, Hebb's rule) are
assumed.

Encoding memory has been
primarily measured using
percent correct, although a
substantial amount of recent
studies utilize signal detection.

model is proposed as a structural
model of memory in the LC4AMP.
Memory is said to consist of rapid
encoding of single or unitized
items, rapid encoding of flexible
associations, and slow encoding of
rigid associations.

Signal detection is proposed as a
necessary tool for understanding
encoding performance.

structure concerning memory in
the model, including cognitive vs.
perceptual processing and
formation of flexible/rigid
associations with reward/threat.

Assists researchers in understanding
both accuracy and criterion bias of
memory recall measures,
contributing to further clarity
regarding resource allocation
patterns in relation to message
structure and content.

brain imaging research showing that mental imagery activates visual processing brain regions, but
leaves auditory processing regions comparatively inactive (Ganis, Thompson, & Kosslyn, 2004;
Kosslyn et al., 1993). This suggests that the auditory process (listening to radio advertisements)
relied on auditory processing resources until a visual process was required as well (mentally picturing
high-imagery ads). Additionally, other research has shown that decreasing audiovisual redundancy -
which should increase total resource requirements if audio and visual processing draw from the same
resource pool — only seems to affect message processing performance at certain levels of resources
required, and for certain patterns of arousal and valence (Keene & Lang, 2016; Lee & Lang, 2015). This
suggests that visual and auditory resource requirements may load the processing system in a separ-
able fashion with differentiable message processing outcomes.
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Other studies using video game stimuli (Huskey, Craighead, Miller, & Weber, 2018) have shown
that STRTs follow the predicted patterns in relation to resource requirements when the distractor
task and the primary task shared the same modality, but that this pattern deteriorates for
modality-inconsistent distractors. This is further supported by early research finding that message
complexity seems to lead to different outcomes depending on both the channel in which information
is introduced and on the channel in which the STRT is measured (Thorson, Reeves, & Schleuder, 1985).
Neuroimaging results also indicate that resources are split by visual and auditory modalities (Keitel,
Maess, Schroger, & Miller, 2013; Porcu, Keitel, & Mdller, 2014; Wahn & Koénig, 2017).

In addition to mounting evidence for the necessity of considering resource allocation and resource
requirements as meaningfully separable by modality, a growing body of research suggests that load
can also be meaningfully dissociated by process (e.g. cognitive processing or perceptual processing;
Lavie, Hirst, de Fockert, & Viding, 2004; Wickens, 2008). Some LC4MP work has already shown differ-
entiable effects of perceptual and cognitive resource requirements (Strézak & Francuz, 2016), and has
found separable effects of cognitive and perceptual resource requirements on message processing
performance (Cunningham & Alhabash, 2017; Fisher, Hopp, & Weber, 2018). These findings point
to the need for another look at the cognitive resource pool in the LC4MP, which in its current iteration
does not explicitly distinguish between the different neural requirements of cognitive and perceptual
tasks (although it does assume that perceptual processing must occur in message processing; see
Fisher et al.,, 2018). If, as these findings suggest, cognitive and perceptual load are separable, then
it is likely that predictive and explanatory accuracy of the model could be improved by considering
how - in terms of process or modality — a particular piece of information in a message loads the pro-
cessing system.

Updating the model

What is a resource?

In the current conceptualization of the model, all message processing tasks are said to draw from a
single, central resource pool (See Figure 1). The above research suggests, though, that the LC4MP
may benefit from an updated understanding of ‘resources’ as well as a more process-dependent
and modality-dependent characterization of the ‘resource pie’ in line with modern approaches
that describe the human processing system as a collection of large scale, dynamic, hierarchical net-
works (Betzel & Bassett, 2017; Sporns & Betzel, 2016). To this end, we look to the Load Theory of Selec-
tive Attention and Cognitive Control (LTSACC; Lavie et al., 2004), Dual Mechanisms Theory (Braver,
2012; Braver, Gray, & Burgess, 2007), and Multiple Resource Theory (MRT; Basil, 1994a, 1994b) to
propose an updated picture of cognitive resources within the LC4MP. Furthermore, we argue that
recent LCAMP research paves the way for these updated conceptual definitions, and that these
updates can be implemented using tools already familiar to communication scholars.

With that said, and in an honest effort to accurately characterize state-of-the-art scientific evi-
dence, the cognitive resources debate is complex and far from settled within the neuroscience litera-
ture (Bays, 2015; Johnson, Simmering, & Buss, 2014; Ma, Husain, & Bays, 2014; Wei, Wang, & Wang,
2012). We believe, though, that a clear enough picture is emerging to suggest that introducing a
material mechanism for resource limitations would be beneficial for communication scholars. Neuro-
science research has shown that cognitive resources can be conceptualized as relating to metabolic
(chemical), spatial, and temporal constraints (Buschman, Siegel, Roy, & Miller, 2011; Marois & Ivanoff,
2005; Todd & Marois, 2004). Briefly, whenever neurons fire they require energy (in the form of glucose
and oxygen) and their axon terminal releases chemicals (neurotransmitters), quantities of which are
limited, carried by cerebral blood flow (Kuschinsky, Suda, & Sokoloff, 1981), and have to be
replenished.

The idea that resources can ‘run out’ within a given topographical area seems to explain findings
from electrophysiological studies that within brain regions, neural firing increases as required effort
increases, but reaches an abrupt plateau when load passes a certain point (Ma et al., 2014). From
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Figure 1. Graphical representation of cognitive resource allocation in the LC4AMP. The central circle represents the pool from which
resources are allocated to the three subprocesses. This allocation process is assumed to be modality and context agnostic.

these findings, it can be concluded that cognitive resources in form of metabolic substrates can also
be considered - albeit coarsely — as spatially constrained. Finally, a wide selection of research has sup-
ported the idea that that cognitive resources in form of metabolic substrates experience temporal
constraints — especially in working memory (Barrouillet & Camos, 2012). Whenever an item is not
held in conscious focus, it is subject to temporal decay. This decay rate limits the number of items
that can be maintained as focus is shifted back and forth from item to item.

Research has revealed many large-scale, dynamic brain networks in the brain dedicated to per-
forming various tasks, such as sensory processing, cognitive control, and initiating motor actions
(Power et al, 2011). For LCAMP researchers, three of these networks are especially salient: the
visual processing network, the auditory processing network, and the cognitive control network.
Here we propose that the LC4AMP’s conceptualization of the ‘resource pie’ could be improved by
taking into account how a message loads visual and auditory networks (perceptual resource require-
ments), and also how messages and other experimental parameters load the cognitive control
network (cognitive resource requirements).

Perceptual and cognitive load

The Load Theory of Selective Attention and Cognitive Control (LTSACG; Lavie et al., 2004)- sup-
ported by a wealth of behavioral (Forster & Lavie, 2007; Lavie, 1995) and neural (de Fockert,
Rees, Frith, & Lavie, 2001; Lavie, 2005; Rees, Frith, & Lavie, 1997; Scalf, Torralbo, Tapia, & Beck,
2013) evidence-provides a illipromising path in this direction. The LTSACC suggests that perceptual
and cognitive resources should be considered independently from one another, and that each has
measurable outcomes related to phenomena of interest such as primary task reaction time and
accuracy, recall, resistance to irrelevant distractions, and related measures (Fitousi & Wenger,
2011; Forster & Lavie, 2007; Kelley & Lavie, 2011). In the LTSACC, perceptual load is related to
three primary factors: 1) the number of items that need to be identified, 2) the number of percep-
tual operations that are required to identify each item (e.g. mental rotation, de-distortion,
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perspective change, etc), and 3) the difficulty of the perceptual operations required (Elliott & Gies-
brecht, 2010; Lavie, 2005; Lavie & Tsal, 1994). In contrast, cognitive load is related to goal-directed
control of attention, sense-making, and maintenance of items in working memory (Lavie, 2010).

As perceptual resource requirements increase, more resources are required in visual and/or audi-
tory processing networks in order perceive ,correctly identify, and encode stimuli embedded in a
message. This reduces perceptual resources available. Once encoded, information must be quickly
passed on to other processing networks (such as motor control or working memory), to enable an
individual to rapidly react to information as it enters the processing system. This process has been
described as reactive control — in which perceptual systems signal to other brain regions that infor-
mation is worthy of conscious attention or action (Braver, 2012; Braver et al., 2007). Thus, it is pro-
posed that perceptual resources are allocated to and consumed by two primary subprocesses:
encoding and reactive control (See Figure 2).

In the LTSACC, it has been shown that initial increases in perceptual load are associated with
increased performance in a primary task, but that when perceptual load continues to rise, increased
load will be associated with reduced performance (Forster & Lavie, 2007; Lavie et al., 2004). Thus, it is
proposed that the relationship between resource availability and perceptual load in message proces-
sing is slightly curvilinear. Increasing perceptual load should initially be associated with increased
resource availability, decreased STRTs, and increased primary task performance as more resources
are allocated to the task than are required. But high levels of perceptual load should be associated
with reduced resource availability, increased STRTs, and reduced primary task performance as
resources required by the task increase at a rate faster than resources allocated (which are, ultimately,
capacity-limited). Importantly, this seems to match with LC4MP findings wherein low levels of percep-
tual load introduced by a structural feature seem to be associated with increased memory and shor-
tened STRTs, but as more perceptual operations are required (perspective changes, identifying new
objects, etc) STRTs lengthen and encoding drops (Fox, Park, & Lang, 2007; Lang, Kurita, et al., 2013).

Retrieval

Storage Cognitive
Resource

Pool

Perceptual

Reactive Control S Resource
.o Pool

(Visual/Auditory)

Encoding

Figure 2. Graphical representation of resource allocation in the proposed conceptual update to the LC4AMP. Note separate, but
interacting cognitive and perceptual resource pools.
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Much of the research that has taken place under the LC4AMP has been aimed at investigating what
are conceptualized in this framework as perceptual load processes. Indeed, within the model, mess-
ages are frequently defined as ‘continuous variably redundant streams of audio and visual perceptual
information [emphasis added]’ (Lee & Lang, 2015, p. 601). Furthermore, five of the seven dimensions
of the ii measure relate to the number or difficulty of perceptual identification processes (object
change, new object, distance change, perspective change, form change; Lang, Kurita, et al., 2013).
In incorporating cognitive load as meaningfully separable from perceptual load, the model presented
here provides a clear way forward for refining LC4MP predictions and enabling it to predict and
explain message processing outcomes of interest in novel contexts.

In order to further refine our conceptualization of cognitive load, we draw from the Dual Mechan-
isms of Cognitive Control framework (Braver, 2012; Braver et al., 2007) In this framework, the cognitive
resource requirements of a particular task are related to two primary factors: the amount of infor-
mation that must be held in working memory, and the extent to which the current processing
task involves errors, conflict, or uncertainty in relation to a given goal (Botvinick & Cohen, 2014)
This can be thought of as exercising control over what ‘bubbles up’ from perceptual processing to
conscious cognitive processing, a process called proactive cognitive control. Proactive cognitive
control is essential for focused attention, learning, and goal attainment (Botvinick, Braver, Barch,
Carter, & Cohen, 2001; Miller & Cohen, 2001). As the amount of information that must be retained
in working memory increases or becomes more conflicting, uncertain, or error-prone, activation in
cognitive control networks increases, requiring more resources (Botvinick & Braver, 2015; Botvinick
& Cohen, 2014; Westbrook & Braver, 2015) As resource requirements increase in these networks, reac-
tion times are increased and task performance is reduced - thus increasing levels of cognitive load
should be reflected in lengthened STRTs, reduced memory storage, and increased frustration (for
graphical predictions regarding the effects of perceptual/cognitive load on STRTs and primary task
performance see Figures 3 and 4).

Importantly, in the model presented here, the impetus that directs the processing system to allo-
cate resources to a message remains largely unchanged from the original LC4MP. It is proposed that
resources are allocated to a message due to the presence of orienting eliciting structural features
(OESFs; Lang et al, 2006) or motivationally relevant content. Increases in the number of OESFs
should increase the allocation of resources (both cognitive and perceptual) to the message proces-
sing task in a phasic fashion, and motivationally relevant content should increase resource allocation
across longer periods of time.

e==== Cognitive

— Perceptual e

STRT

Load

Figure 3. Graphical predictions regarding the effects of cognitive and perceptual load on Secondary Task Reaction Times. Initial
increases in perceptual load should be associated with reduced STRTs (an index of greater resource availability), but further
increases should be associated with lengthened STRTs. Cognitive load should be positively associated with STRT’s length. Note
that this does not take into account resource reallocation as a result of overload.
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e==== Cognitive ~

— Perceptual %

Primary Task Performance

Load

Figure 4. Graphical predictions regarding the effects of cognitive and perceptual load on primary task performance (recall or other
measures). Initial increases in perceptual load should be associated with better performance, but further increases should be associ-
ated with reduced performance. Cognitive load should be negatively associated with performance. Note that this does not take into
account resource reallocation as a result of overload.

To complete the updated conceptualization of cognitive resources proposed in this manuscript we
now discuss the role of modality. For this, we return to Multiple Resource Theory (Basil, 1994a, 1994b),
from which the LCAMP heavily draws. In this theory, resource availability in environments containing
both visual and auditory information is conceptualized as somewhat separable by modality, but also
dependent on redundancy between modalities. The MRT proposes that allocated resources are con-
sumed by three primary tasks: attention, encoding, and memory. Although some studies testing MRT
did not show modality specific effects — as when asking participants to focus on a particular modality
while responding to probes in another (Basil, 1994b) — other studies seem to support modality-specific
effects, especially when considering the load induced in each modality (Basil, 1994a; Bolls, 2002; Reeves
& Thorson, 1986; Thorson et al.,, 1985). Research in the field of multisensory integration has consistently
found that processing resources are separable between modalities at the perceptual level but not at the
cognitive level (Alais, Morrone, & Burr, 2006; Koelewijn, Bronkhorst, & Theeuwes, 2010). Thus, we
propose that for message processing, perceptual load exhibits modality-specific effects, but that the
effects of cognitive load should be much less separable between modalities.

These findings are echoed in recent neuroscience research finding that modality-independence of
load depends on the type of task and also the level of perceptual load in the system (Keitel et al.,
2013; Konstantinou, Beal, King, & Lavie, 2014; Porcu et al., 2014). This literature also reveals that
modality specific effects of resource load are largely constrained to perceptual processing tasks
(for a review see (Wahn & Konig, 2017). Additionally, recent work investigating the intersubject cor-
relation of brain regions during a message processing task has shown that perceptual processing of
stimuli only loads modality-specific processing regions, but that when the same messages are con-
sciously processed, brain activation spreads across modalities and into higher order processing areas
(Regev et al., 2018). Taken together, this evidence suggests that the LC4MP’s predictions regarding
message complexity, recognition, and attentional engagement could be improved by separating
load in each modality, proposing specific predictions for information processing in visual and audi-
tory modalities, and testing visual and auditory memory separately.

To summarize, our updated model proposes two key delineations: between cognitive and percep-
tual processing, and between visual and audio processing (See Figure 2). Importantly, our model pro-
poses that cognitive and perceptual processes are meaningfully - but not completely - separable.
This means that perceptual resource allocation does not necessarily reduce resources allocated for
cognitive processing. What this does not mean, though, is that cognitive and perceptual processes
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rely on completely separable pools of resources. The exact nature of resource sharing between pro-
cesses and modalities is a topic of open debate in the literature (Fitousi & Wenger, 2011; Giesbrecht,
Sy, Bundesen, & Kyllingsbaek, 2014). Current theorizing suggests that brain networks can be con-
sidered as semi-modular (Bassett & Sporns, 2017). These networks can meaningfully — but not com-
pletely — be considered in isolation from one another (Sporns, 2014; Sporns & Betzel, 2016). Task-
specific brain networks can be parcellated and examined for their unique characteristics and contri-
butions to human processing (Bassett & Sporns, 2017; Power et al., 2011) but all brain networks share
certain processing resources in certain ways (e.g. through their mutual connection to large ‘hub’
nodes; Bassett & Bullmore, 2006).

Updated predictions and avenues for testing

Predictions of the updated model are as follows: (1) Low levels of perceptual load will be associated
with fast reaction times and high performance (as encoding, primary task reaction times, etc). (2)
Higher levels of perceptual load in one modality will be associated with lengthening STRTs and
reduced performance in that modality. (3) For information which is presented in multiple modalities,
perceptual load will be is separable between the modalities and STRTs/performance will vary
depending on the modality in which load is introduced and the modality in which they are tested.
(4) Cognitive load will reduce cognitive resources available. This will be reflected in lengthened
STRTs and reduced performance regardless of prompt modality — these changes should occur in a
linear fashion. These predictions refine and clarify the associations between message complexity,
load (both cognitive and perceptual), and processing performance. Importantly, these predictions
do not yet consider overload, which should result in resource allocation away from the message pro-
cessing task and toward another task (responding to the secondary task, internal processing, mind
wandering, etc). Considerations regarding overload will be incorporated in the next section.

These predictions can be tested using an experimental paradigm in which perceptual load and
cognitive load are manipulated independently from one another. Perceptual load can be manipu-
lated in three primary ways—-changing the number of items that need to be identified at any given
time, increasing the number of perceptual operations that need to be performed to identify an
object (focusing, flipping, de-distorting, perspective change, distance change) and introducing visu-
ally salient, but task-irrelevant audiovisual stimuli (Elliott & Giesbrecht, 2010; Lavie, 1995, 2005). As
discussed earlier, five of the seven dimensions of the ii/cc or ii/sec measures may also be used as indi-
cators of the perceptual resource requirements of a message. STRT's and performance should be
tested in a modality specific fashion (using both tones and visual prompts for audiovisual stimuli)
along with encoding (audio and visual forced choice recognition tasks). Storage and retrieval
(indexed using cued/free recall tasks) are not expected to show modality specific effects.

Cognitive load may be introduced by a) requiring that more information be held in working
memory or b) increasing the extent to which message content involves errors, conflicting infor-
mation, or uncertainty. Methodologically, cognitive load may be manipulated using classic paradigms
such as a digit span task (Wechsler, 1974) or through introducing complex or discordant semantic or
episodic information which must be integrated and maintained in working memory (such as present-
ing scenes out of order in a narrative, or presenting unfamiliar or complex information in an edu-
cational message). For mediated messages such as PSAs, the cognitive load of a message could be
assessed using computational measures of linguistic complexity or interpretability (such as the
Dale-Chall index; Dale & Chall, 1948) or by pretesting stimuli using well-validated self report measures
of cognitive load (Paas, Van Merriénboer, & Adam, 1994).

A particularly promising example of a stimulus that can be used to manipulate cognitive load and
perceptual load independently is Asteroid Impact (https://github.com/medianeuroscience/asteroid_
impact) when using this stimulus, cognitive load can be introduced through increasing game
difficulty and perceptual load can be manipulated through increasing visual and auditory complexity
(Fisher et al., 2018; Huskey et al.,, 2018). Updating the model to incorporate separable effects of
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cognitive and perceptual load allows for more refined predictions regarding how stimulus features
(cuts, edits, etc) interact with perceptual and cognitive information to facilitate message processing
outcomes.

Motivated processing

Motivation, the the fourth ‘M’ of the LC4MP, although not present in the original version of the model
(Lang, 2000), has become a core focus of LCAMP research, serving as a question of interest in over 150
published studies (Fisher et al., 2018). These studies have revealed much about the nature of individ-
ual differences in motivational activation, how appetitive and aversive content interact with arousal
to facilitate processing outcomes, and how physiological indices of cognitive and affective processing
can increase our understanding of the information processing system.

Recently, though, it has become clear that this portion of the model needs updating in several key
areas. First, a recent set of studies investigating coactivation have produced unexpected findings that
merit further clarification. Next, although the LC4MP is primarily a bottom-up model (Lang, 2017),
many studies have used the LC4MP to make predictions — with varying success — regarding the
role of motivation in top down (controlled) resource allocation processes. Current conceptual
definitions and operationalizations in the model warrant updating to more effectively incorporate
these findings and predictions. Finally, we propose that the LC4AMP benefits from a new look at
the psychology and neuroscience of motivation and emotion to facilitate more precise predictions
and incorporate modern methodological tools.

Unexpected findings and inconsistencies

As research into the mechanics of emotional and motivational processing has become more
advanced, inconsistent results have emerged between the LC4MP’s predictions and observed
data. The LC4MP does not provide a clear prediction as to how coactivation — when both the appe-
titive and aversive systems are active at the same time - should affect processing in respect to
resource allocation, memory, and emotional reactions. Emotional frameworks upon which the
LC4MP is based would seem to predict that activation in the appetitive and aversive motivational
systems at the same time should lead to additive effects (Norris, Gollan, Berntson, & Cacioppo,
2010). However, the arousal findings — both psychophysiological and self-reported - do not match
this additive prediction for coactivation. Instead, both skin conductance (Hohman, Keene, Harris,
Niedbala, & Berke, 2017; Keene & Lang, 2012; Wang, Morey, & Srivastava, 2012) and self-reported
arousal (Keene & Lang, 2016; Lang, Sanders-Jackson, Wang, & Rubenking, 2013) are lower than
would be predicted for messages that elicit coactivation in the motivational systems.

Another key area in which the model needs further consideration is in the interaction between
message complexity and motivational activation in facilitating resource allocation and processing
outcomes. All other things being equal, the model predicts that more resources will be devoted to
the most motivationally relevant stimuli (Lang, 2000, 2009). This, though, exposes an interesting
point of ambiguity within the model. According to extant cognitive processing theories discussed
above, STRTs (an index of resource availability) should exhibit a U-shaped pattern as perceptual
load increases and should increase monotonically for cognitive load (see Figure 3). The observed
pattern of resource availability and load, though, tends to be in the form of an inverted-U for
STRTs and neuroimaging data (Fox et al,, 2007; Huskey et al.,, 2018; Lang, Kurita, et al., 2013; Ulrich,
Keller, & Gron, 2016; Ulrich, Keller, Hoenig, Waller, & Gron, 2013), as well as psychophysiological
measures (Harris, Vine, & Wilson, 2017; Park & Bailey, 2017).

The current explanation for this pattern is that as resources available to process the stimulus
diminish, the individual enters a state of cognitive overload. What seems to occur, though, is not
necessarily ‘overload’ in the classic sense (Chandler & Sweller, 1991; Kahneman, 1973; Schneider &
Shiffrin, 1977), which should simply be reflected in low performance on the primary task and no
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resources available for the secondary task. Instead, what seems to be occurring is that resources are
reallocated from the primary task to the secondary task (Fox et al., 2007). Indeed, recent LC4AMP the-
orizing has suggested that ‘cognitive overload’ may be a misleading moniker (Lee & Lang, 2015). The
role of motivation in the resource reallocation process has been alluded to in several studies (Clayton
et al, 2017; Fox et al,, 2004; Huskey et al., 2018; Leshner, Clayton, Bolls, & Bhandari, 2018), but the
model has not yet been updated to satisfactorily predict and explain when and why resources are
allocated away from the primary task towards a secondary task.

Some studies in the LCAMP literature propose that stimulus features can interact with individual
difference variables to manipulate the relative motivational relevance of the primary and secondary
task, leading to a state in which the secondary task becomes more motivationally relevant than the
primary task (Fox et al.,, 2007; Huskey et al., 2018; Park & Bailey, 2017). We propose that conceptually
clarifying cognitive overload as a motivation-driven process can assist in predicting and explaining
resource allocation in a way that takes into account both goal-driven and and stimulus-driven
resource allocation.

In addition to these considerations, a disparity must be addressed between the LC4MP and other
theoretical frameworks in modern motivation and emotion research. In the framework employed by
the LC4MP, both emotional and motivational experience are the result of activation in appetitive or
aversive subsystems (Bradley, 2007; Lang, 2000, 2009). Within this framework, motivation is charac-
terized as survival-based ‘disposition to action’ elicited in response to particular stimuli in the environ-
ment (Lang & Bradley, 2008, p. 52). Other frameworks (Berridge, Robinson, & Aldridge, 2009; LeDoux,
2012; Pessoa, 2009) also emphasize the role of activation in approach and avoid subsystems, but
propose a separable role of emotion in modulating how and when these systems activate and
how their activation is reflected in processing. Accordingly, motivation can be thought of as relating
to judgments of value/threat of particular stimuli in the environment. These stimuli are associated (in
a rigid or flexible manner) with threat or reward. These associations bias the planning and execution
of specific cognitive processes and behaviors (e.g. approach or avoidance) in relation to a given
outcome (Pessoa, 2009). Emotion, on the other hand, is characterized as a domain-general state
that predisposes the processing system toward or away from certain types of actions, not necessarily
toward or away from specific stimuli (Chiew, 2011). As the next section shows, a consideration of the
separable influences of emotional and motivational judgments in media processing helps refine pre-
dictions of the LC4MP and affords increased utility to the model in a variety of applications.

Updating the model

In order to propose a mechanism by which we can understand motivated resource allocation in the
LC4MP and integrate it into the conceptual and operational language of the model, we turn again to
the cognitive control literature (Braver, 2012; Braver et al., 2007; Miller & Cohen, 2001), specifically
response competition theory (Desimone & Duncan, 1995; Pashler & Sutherland, 1998) and arousal-
biased competition theory (Lee, Itti, & Mather, 2012; Mather & Sutherland, 2011). As in our updates
to the LC4MP’s treatment of cognitive load, we argue that these theory-driven conceptual and oper-
ational updates do not conflict with core assumptions of the model, and can be investigated using
largely familiar tools and approaches.

The first proposed update to the model’s treatment of motivation is aimed at clarifying how and
when judgments of motivational relevance are made and how these judgments affect processing.
The human information processing system dynamically estimates reward/threat likelihood, reward/
threat intensity, and reward/threat proximity for stimuli in the environment and seeks to initiate cog-
nitive and behavioral responses that maximize reward while minimizing threat and effort ((Braver
et al, 2014; Westbrook & Braver, 2015). These assessments happen rapidly and continually, and
are associated with activation in well-characterized neural substrates (Gottfried, O’'Doherty, &
Dolan, 2003; Hauser, Eldar, & Dolan, 2017; Pessoa, 2010).
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Some associations between stimuli and reward/threat likelihood, intensity, and proximity have
likely been passed down over evolutionary time - resulting in valuations that are rigid, inflexible,
and context-agnostic — such as in the processing of threatening stimuli like snakes, spiders, or
large predators (Lang, Bradley, Cuthbert, & Simons, 1997). Here, we will call these rigid associations.
Importantly, though, a wealth of evidence suggests that the associative process can also operate
in a flexible and context-specific manner for the completion of a specific goal (see (Gottfried et al.,
2003; Rougier, Noelle, Braver, Cohen, & O'Reilly, 2005). Objects that are relevant for the completion
of an individual’s goals can elicit resource allocation in a manner similar to those which have
direct relation to genetic survival, hedonic pleasure, or pain (Anderson, Laurent, & Yantis, 2011).
Importantly, the influence of these goal-specific associations is largely limited to a particular
context or a particular task (Pessoa, 2010; Schultz, Dayan, & Montague, 1997). The introduction of
a different set of rules or different contextual information modulates goal-specific reward and
threat associations in order to maximize outcomes in scenarios with rapidly shifting parameters.
Thus, we will call these flexible associations.

A useful framework for understanding how these rigid and flexible value representations bias cog-
nitive processing can be found in Response Competition Theory (RCT; Desimone & Duncan, 1995;
Pashler & Sutherland, 1998); a precursor to the modern cognitive control literature. RCT proposes
that numerous responses to the environment compete for capacity-limited cognitive resources in
parallel, and that each response is activated (‘biased upward’) or inhibited (‘biased downward’) by
inputs from sensory processing regions, memory, and other brain areas. The response that ‘wins’
(e.g. maintains the highest threshold of excitatory inputs over inhibitory inputs) is chosen, leading
to a particular cognitive or behavioral outcome. Motivational relevance serves as an important bias
signal in this process, leading the brain to prioritize stimuli that are motivationally relevant over
those that are less relevant. This upward bias increases the strength of the signal associated with
a particular response, making it more likely to ‘win’ the response competition process (Lee et al., 2012)

Reconceptualizing resource allocation as contingent upon a dynamic value-assignment process
also helps rectify confusing and sometimes contradictory findings regarding cognitive overload in
LC4MP research. In this framework, it is proposed that cognitive overload is more accurately concep-
tualized as a reallocation process rather than ‘overload’ per se. This reallocation process prioritizes the
secondary task or other alternatives (e.g. internal processing, mind wandering) over the primary task
when the tradeoff between reward and effort or threat becomes imbalanced. This can be due to the
message processing task becoming too challenging, as in traditionally conceptualized cognitive over-
load, but it can also be due to defensive processing (Bradley, Angelini, & Lee, 2007; Clayton, Lang,
Leshner, & Quick, 2018; Leshner et al., 2018; Liu & Bailey, 2018), fear (Leshner, Bolls, & Wise, 2011;
Rhodes, 2017), or other internal processes (such as social comparisons; Clayton, Ridgway, & Hen-
drickse, 2017). We propose here that a more accurate term for this phenomenon is cognitive
offload - more accurately capturing the idea that cognitive resources are reallocated from the
primary to a secondary task rather than truly being overloaded.

This conceptualization parsimoniously explains findings from both the cognitive overload litera-
ture (Fox et al., 2007; Lang, Kurita, et al., 2013; Park & Bailey, 2017) and the defensive processing lit-
erature (Clayton et al.,, 2016; Clayton, Leshner, Bolls, & Thorson, 2017; Leshner et al., 2018; Liu & Bailey,
2018). When message processing difficulty (as cognitive/perceptual load) is optimally matched to the
rewardingness of the message processing task (as activation of the appetitive system), STRT’s should
be long, tonic heart rate should decelerate, and performance (as indexed in encoding, storage, and
retrieval) should be high. When the primary task is either (a) unrewarding, frustrating, boring, or
otherwise aversive, or (b) requires too much effort to process, then primary task performance
should be low. During the resource reallocation process, heart rate should increase (or decelerate
less). Other measures, such as STRTs and memory (discussed later), can provide clarity as to the sec-
ondary task to which resources were reallocated (e.g. responding to the STRT probe, counterarguing,
mind wandering).
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What, then, is the specific role of emotion (as arousal and valence) in the proposed model? A way
forward can be found in an extension of RCT known as Arousal-Biased Competition Theory (ABC;
Mather & Sutherland, 2011). ABC theory argues that an individual’s arousal level can modulate the
relative incentive salience of objects in the environment, increasing competitive advantage of
certain neural/behavioral responses while diminishing others. Thus, arousal can be conceptualized
as a domain-general, energizing process that prepares the cognitive or physical system for perform-
ing a certain action or set of actions, such as fighting or fleeing. This is largely reflective of the the-
orizing of Caccioppo, Lang, Bradley, and colleagues regarding the adaptive role of motivation and
emotion in the human processing system (e.g. Berntson & Cacioppo, 2008; Cacioppo & Gardner,
1999; Lang & Bradley, 2010). ABC theory, then, provides a first step for considering the role of
emotion in facilitating responses that occur in relation to reward-associated/threat-associated stimuli.

ABC theory proposes that arousal is a domain-general psychophysiological state that biases per-
ceptual response competition processes in favor of salient (e.g. bright, loud) stimuli against those that
are are less salient - increasing the signal to noise ratio in the sensory field (Lee et al., 2012; Mather &
Sutherland, 2011). Anecdotally, this can be seen in the extreme salience of neutral sounds or visuals
(such as the creaking of a door or motion at the visual periphery) in situations when arousal is high.
These aspects would, in situations of low arousal, be expected to be relatively less attended to or
noticed. LCAMP research has also shown that emotion (both arousal and valence) can ‘spill over’
from one message to the next, supporting our proposition regarding the more domain-general
nature of emotion as opposed to motivation (Yegiyan, 2015a). The ABC, then, allows for predictions
about the relationship(s) between arousal, context, message content, processing, and memory for
particular portions of a situation (Dolcos, Wang, & Mather, 2014). To integrate this framework into
the LC4MP, it can be said that variation along traditional emotional dimensions-such as arousal or
valence-modulate flexibly and rigidly held representations of value in message processing,
leading to differential prioritization of behavioral responses to stimuli.

The predictions and evidence given for ABC (Mather & Sutherland, 2011) would seem to match,
and more importantly, explain, certain findings related to coactivation in the LC4AMP (Hohman,
Keene, Harris, & Niedbala, 2016; Keene & Lang, 2012, 2016; Lang, Sanders-Jackson, et al., 2013; Liu
& Bailey, 2018; Wang, Solloway, Tchernev, & Barker, 2012). If arousal and valence modulate value rep-
resentations, then coactivation would be expected to could lead to ambiguity in the value assign-
ment and updating process, especially in situations of high arousal. This phenomenon is especially
salient considering recent research investigating the inclusion of substance cues (such as cigarettes
or needles) in fear and disgust appeals. This research has shown that including a substance cue (typi-
cally seen as an appetitive cue) within an aversive message induces defensive processing when the
message is arousing (Clayton et al,, 2018; Leshner et al., 2018; Liu & Bailey, 2018) but that inclusion of a
substance cue in a low-arousal message increases automatic resource allocation to the message (Liu
& Bailey, 2018).

ABC theory proposes that increasing levels of arousal in the message bias the processing system
toward action. If a message contains coactive information (such as substance cues) and is low arousal,
the processing system may seek to resolve coactivation through information intake mechanisms,
increasing attention to the messages. In contrast, coactive information in high arousal messages
drive the processing system seek resolution for conflicting motivational signals by (a) avoiding the
message and withdrawing resources (flight response) or (b) initiating approach toward the coactive
stimulus (fight response). Extant work has made progress toward understanding how individual
differences in motivational system activation interact with message features to facilitate fight or
flight responses (Clayton et al., 2018).

Updated predictions and avenues for testing

Updated model predictions for the role of motivation and emotion in biasing message processing are
as follows: (1) Message content with rigid value associations (those related to survival or deeply
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learned association with reward or punishment) will elicit motivated processing (as ‘upward bias’) in
encoding, storage, and retrieval, leading to orienting and resource allocation. When these objects are
presented, they are predicted to result in longer reaction times for competing tasks (e.g. STRTs),
shorter reaction times for the primary task, decelerating heart rate, and enhanced memory for rel-
evant objects (expanded in detail in the below section). (2) Message content with flexible value
associations (those related to task-relevant goals) should elicit motivated processing, but only
within the context of the task — these associations may be rapidly replaced or modified when task
parameters change. (3) Resource reallocation (cognitive offload) will be observed in two situations:
(@) when effort is mismatched to reward (e.g. the message is too complex), or (b) when the
message induces defensive processing. (4) Emotion (as arousal and valence) will modulate behavioral
responses in relation to the relative salience of message content in a more general fashion (i.e. mod-
ulating groups or collections of stimuli or behavioral responses rather than particular stimuli or
responses).

Memory

In the LC4MP, memory is conceptualized as encoding, storage, and retrieval (Lang, 2000, 2009). At the
time of writing, there were 73 studies in the LC4AMP literature investigating memory processes in
some way (Fisher et al,, 2018). The LC4MP does not subscribe to a particular structural model of
memory, but does include discussion of specific memory mechanisms. The first of these is spreading
activation -that is, activation of a particular representation in memory tends to result in similar con-
ceptual representations becoming activated as well (Anderson, 1983; Collins & Loftus, 1975). The
second is Hebb’s rule-neurons that ‘fire together wire together’ (Bradley, 2007; Hebb, 1961). We
propose that the introduction of a formalized model of memory function will increase conceptual
clarity and allow for more refined predictions. Specifically, these updated predictions integrate the
modality-specific and process-specific effects of motivation and cognitive load outlined previously
in this article, providing a substrate which enables the formation of flexible and rigid value
associations.

Unexpected findings and inconsistencies

Although LC4MP research has uncovered several theoretically and practically relevant considerations
regarding memory for mediated messages, there are several instances in which the LC4MP’s predic-
tions regarding memory are not borne out in observations. The first of these is found when consider-
ing the exact relationship between the orienting response (OR) and the encoding and storage of
presented messages. For example, (Diao & Sundar, 2004) presented participants with animated or
non-animated ads in either a pop-up or banner position within a web browser. Based on the
LC4MP’s prediction that ORs generally lead to better encoding (pending that content following
the OR is not drastically different than content before the OR (Potter, Jamison-Koenig, Lynch, &
Sites, 2016), the authors hypothesized that animated pop-up ads would elicit ORs, resulting in
higher performance on a forced-choice recognition task. These ads, although they were shown to
elicit ORs, were not remembered better than static ads—which did not induce ORs. This is in contrast
to other research (e.g. (Lang, Borse, Wise, & David, 2002; Potter, Lang, & Bolls, 2008; Potter et al., 2016)
which found that ORs do result in a boost in recognition for presented content.

Additionally, the exact relationship between STRTs, cognitive load, and memory is, as of yet,
unclear. A general trend has been observed wherein more complex messages lead to lengthening
STRTs and slight increases in memory performance (as measured using recognition and recall
tasks) up until the point at which resources are allocated away from the message. This pattern,
though, is far from consistent. For example, Lang, Kurita, and colleagues ((Lang, Kurita, et al., 2013)
found that STRT’s remain short even as memory drops, up until all but the most complex messages
are presented (Fox et al., 2007)., using signal detection measures, found that the shifting of cognitive
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resources away from a primary task seems to be reflected in an increasingly liberal criterion bias, fol-
lowed by shortening STRTs and reduced memory. In addition, (Lang et al., 2006) demonstrated that
memory increases as messages require more resources, with highly complex messages recalled
better than simpler ones (when messages inducing cognitive overload are removed). Additionally,
although the main effect of information introduced on STRTs was significant, this effect did not
hold when considering differences in response times at the individual level-suggesting that the
relationship between STRTs and memory may be more complex. An additional study found increases
in recognition accuracy (as percent correct) for certain types of message features (e.g. old and new
voices) without corresponding changes in STRTs (Lang et al., 2015).

Updating the model

The sometimes mixed findings observed in LC4AMP research regarding memory are likely a result of
the parsimonious conceptualization of memory within the model. Measuring a concept as multidi-
mensional as memory using a narrow scope of recognition and recall tasks does not encapsulate
the broad landscape of mechanisms by which the brain encodes, stores, and retrieves information.
Memory is infamously complex (Squire, 2004; Squire & Zola-Morgan, 1991) and the exact neuropsy-
chological underpinnings of memory formation and retrieval are still far from completely explicated.
However, a clear enough picture is emerging from this literature to suggest that a more nuanced
treatment of memory would benefit the LC4AMP. In this section, we propose two primary updates
to the LC4MP’s treatment of memory. The first update is theoretical, incorporating a modern struc-
tural model of how memory operates in the brain, and how different memory processes uniquely
enable processes that are central to the LC4MP in its canonical form as well as the updated form pre-
sented in this manuscript. Our second update is methodological, highlighting signal detection analy-
sis as a methodological tool that has been used with great utility in the literature, suggesting its
broader use in LCAMP research.

An optimal starting point for discussing memory for messages can be found in a processing-based
model proposed by (Henke, 2010). In this model, it is posited that memory processes can be sorted
into three broad categories— (1) rapid encoding of single or unitized items, (2) rapid encoding of
flexible associations, and (3) slow encoding of rigid associations.

Importantly, this model uses the term ‘encoding’ in a slightly different fashion than does the
LC4MP. In the LC4MP, encoding only refers to the initial process of noticing, and identifying a stimu-
lus, whereas in Henke's model encoding encompasses both initial perception (rapid encoding of
single or unitized items) and an associative storage process (encoding and concurrent retrieval of
flexible and rigid associations).

We propose that Henke's (2010) model is an ideal candidate for a structural model of memory in
the LC4MP in that it does not rely on machine-based metaphors or rigid separations between
different types of memory. Instead, this model posits that memory is a flexible, dynamic, and associ-
ative process that enables and undergirds human information processing. Each of the three pro-
cesses occurs dynamically and continuously, and has extensive feedback with other processes. As
such, each of these processes has both serial and parallel components. It is argued that an explication
of the three processes outlined in Henke’s model can provide a unifying framework for cognitive load,
motivated processing, and their respective roles in message processing and outcomes. We now
review each encoding process in turn, discussing the relevance of each for understanding
message processing and memory.

When a piece of information first enters the processing system, it is briefly encoded as a pattern of
neural activity in sensory processing regions (Jager, Mecklinger, & Kipp, 2006). This process corre-
sponds to ‘encoding’ as traditionally discussed in the LC4MP. Information encoded in this fashion
can be said to exist in a precategorical state — largely devoid of associational information. In
Henke's (2010) model, this memory process is called ‘rapid encoding of single or unitized items.” A
unitized item is one that has been ‘chunked’ into one unit in memory (e.g. remembering a string
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of isolated numbers as one unit-such as a phone number, or remembering three interconnected
lines as a triangle (Gobet et al.,, 2001; Mathy & Feldman, 2012).

Rapid encoding of single or unitized items is largely modality- and process-specific (Tulving &
Schacter, 1990). Although some cross-modal effects have been observed, these effects are often
attributed to semantic representations of either auditory or visual information (e.g. speaking a
word which has been presented in print; see (Carlesimo et al., 2004). We propose that this mechanism
undergirds perceptual processing as outlined in our updates to the model. As items are encoded,
they are rapidly utilized by other processes which guide their longer term storage and enable the
motivation-driven biased competition mechanisms proposed above (Lisman & Grace, 2005). When
this reactive control mechanism is overloaded in either auditory or visual streams, efficiency of
these biased competition processes is likely compromised.

When a piece of information is encoded, it is quickly associated with other, previously stored
information that might be relevant for understanding and acting upon the information. This
process is referred to as ‘rapid encoding of flexible associations.” Whenever an individual encounters
new information in a message, the brain quickly associates this information with contextual,
emotional, or motivational ‘tags’ related to information which have previously been stored in
working or long term memory (Redondo & Morris, 2011). In LC4AMP parlance, this mechanism
can be said to undergird encoding and storage of information that may be context specific or
flexible. Consistent with the understanding of motivational influences on processing outlined in
this article, these tags inform the response competition process, biasing neural processes and
their associated responses upward or downward depending on associated goals, states, and
other information.

Both expectations and outcomes adaptively guide what is transferred from working memory to
longer term memory, facilitating learning of motivationally relevant information or behaviors, allow-
ing individuals to carry out actions that are optimal in a given situation (Shohamy & Adcock, 2010). An
individual’s associations between particular stimuli and their reward/threat magnitude, likelihood,
and proximity are dynamically updated as these expectations are upheld or violated (Abler,
Walter, Erk, Kammerer, & Spitzer, 2006; Schultz et al., 1997). The difference between the expectation
and the outcome (prediction error) is a signal that alerts the processing system to update represen-
tations of effort, reward, and threat for particular stimuli in the environment (Dunn, Inzlicht, & Risko,
2017; Westbrook & Braver, 2016). This means that motivationally relevant stimuli that elicit a large
prediction error should be encoded more robustly than those for which expectations and outcomes
are more predictable. Within the LC4MP, this serves as a potential explanation for why message
content surrounding orienting responses is more memorable than other content. A ‘cut’ in a
message can be thought of as violation of the expectation that a scene will be characterized by con-
tinuous motion, leading to greater resource allocation and higher encoding and storage.

The final, and most permanent memory process proposed is ‘slow encoding of rigid associations.’
Memories which are rigidly encoded can be either conscious or unconscious. These memories are, for
the most part, initially formed as flexible associations, but are abstracted, encoded, and stored in
longer term memory stores as a result of repetition, rehearsal, or updating in relation to prediction
error. Some of these associations are likely innate — brought about by genetic influences on neuro-
cognitive development across evolutionary time (LeDoux, 2012, 2000). This echoes Lang’s assertions
in the LC4MP that certain stimuli are motivationally relevant because they are survival relevant —
stimuli which have direct associations with bodily threat, nutritive value, potential mates, etc. It is
worth noting that under this framework, associations do not necessarily have to be a result of
firsthand experience with relevant stimuli. Importantly, flexible or rigid associations can also be
formed as a result of vicarious learning processes (such as a mother telling her child about the
dangers of guns). This is especially relevant for communication scientists, as messages form a vast
repository of stimuli which can drive these learning and reinforcement processes, contributing to for-
mation of flexible or rigid associations between concepts which can drive habit formation, classical
conditioning, and procedural learning outcomes.
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Broadly speaking, the more that flexible associations are accessed and associated with new
experiences, the more rigid they become (Berridge, 2000; Dayan & Balleine, 2002). In the
LC4MP, these associations can be thought of as contributing to the motivational relevance of
a behavior or piece of information in the communication environment. These rigid associations
are not likely to change as specific goals or context changes, although they are likely influenced
by shorter-term flexible associations—especially as flexible associations become more rehearsed
(and thus solidified). Notably, motivational activation is ongoing throughout these processes
and thus both rigid and flexible associations result in either appetitive or aversive activation.
So, taken together, motivational coactivation could result from four different combinations of
associations across the appetitive and aversive systems (rigid appetitive with rigid aversive;
rigid appetitive with flexible aversive, flexible appetitive with rigid aversive, and both flexible
associations).

In addition to the incorporation of a more detailed model of memory in the LC4AMP, we argue that
much progress can be made in incorporating signal detection analysis into measures used to index
encoding and storage. Signal detection was integrated into the LC4MP toolkit in response to con-
cerns with using accuracy as the sole measure of recognition memory and to better understand
the dynamics of resource reallocation processes, (Fox et al., 2007). In this measure, percent accuracy
is replaced with two separate measures, sensitivity and criterion bias (for an overview of signal detec-
tion analysis as applied to tests of memory see (Macmillan & Creelman, 1991; Shapiro, 1994; Stanislaw
& Todorov, 1999).

Signal detection analysis has been used to great utility in the literature to understand the nature of
declines in memory performance due to resource reallocation processes in response to message
complexity (Fox et al., 2007), and due to defensive processing (Clayton et al, 2018; Clayton,
Leshner, Tomko, Trull, & Piasecki, 2017; Leshner et al., 2011, 2018; Liu & Bailey, 2018). Recent work
in this area suggests that signal detection analysis may be used to differentiate resource reallocation
that occurs due to ‘flight’ responses (message avoidance) from that which occurs due to ‘fight’
responses (counterarguing; Liu & Bailey, 2018). Criterion bias due to cognitive overload and due to
flight responses tends to be quite liberal - meaning that participants are willing to ‘guess’ about
the content that was seen (Clayton et al., 2018; Fox et al., 2007; Leshner et al., 2011) but that criterion
bias due to fight responses tends to be more conservative (Clayton et al., 2018; Clayton, Leshner,
Bolls, et al., 2017; Leshner et al,, 2011, 2018; Liu & Bailey, 2018).

The signal processing approach has also been used to understand encoding of central or per-
ipheral details (Yegiyan, 2012, 2015b; Yegiyan & Yonelinas, 2011), video games (Chung & Sparks,
2016; Sparks & Chung, 2016), speech rate (Rodero, 2016) and many other phenomena. Despite
this, well under half of the studies considered in our review that dealt with memory conducted
signal detection analyses (Fisher et al., 2018). We suggest that future tests of recognition
memory for messages should utilize signal detection measures — especially if cognitive resource
reallocation is expected.

Updated predictions and avenues for testing

The following predictions assume that rapid encoding of single or unitized items is a perceptual
process and is capacity limited by modality whereas encoding of associations (either flexible or
rigid) is a capacity limited cognitive process. With these in mind, several testable predictions are pro-
posed here: (1) Flexible associations with reward or threat may be induced by associating stimulus
features with reward or threat within the experimental context (Anderson, 2016; Anderson et al.,
2011). (2) Message content that is either flexibly or rigidly associated with reward or threat will
elicit more resource allocation than non-motivational information. (3) Stimuli for which prediction
error is the highest (much more or less rewarding or threatening than expected) will elicit higher
resource allocation. (4) Perceptual load (e.g. increasing objects to be identified, inducing perspective
change, etc.) will interfere with rapid encoding of single or unitized items. (5) Cognitive load (e.g.
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retaining a string of numbers in working memory or keeping up with a complex plot) will interfere
with the rapid encoding process for items flexibly associated with motivational relevance but not
items rigidly associated with motivational relevance. This will be reflected in increased misses for
flexibly encoded, but not rigidly encoded information in the affected channel.

We propose that the memory processing categories introduced here can inform not only the
LC4MP, but also our understanding of the way in which humans process communication in
general. Reward association processes involving both rigid, automatized memory structures and
flexible, context-dependent memory structures bias cognitive patterns which facilitate processing,
and approach or avoidance behaviors for motivationally relevant stimuli. In the message processing
environment, the appetitive and aversive systems can often produce conflicting bias signals — such as
in a public service announcement wherein a rigidly encoded appetitive cue (such as a substance cue)
is presented as highly negative. This creates a conflict between a rigid association (substance cue —
reward) and a flexible association (substance cue — threat or disgust). The motivated response that is
chosen in response to these conflicting cues is likely contingent on contextual variables (such as mag-
nitude of reward or threat within the message processing context) and on individual differences in
motivational system activation (Clayton et al.,, 2018).

This approach to motivational coactivation could help to further explicate some of the previously
discussed disparate findings. Specifically, by theorizing as to whether expected appetitive and aver-
sive activation is a function of rigid or flexible associations, researchers using the LC4MP can better
predict the nature of specific processing outcomes that are thought to result from coactivation (e.g.
reactance, counter arguing, etc.). Consideration of each of Henke’s (Henke, 2010) three subsystems of
memory within the context of response competition theory and cognitive control provides a way
forward for the integration of predictions of the LC4AMP in a processing environment which is
highly dependent on a host of context, content, structure, and individual difference variables.

Conclusion

Nearly two decades have passed since the original LC4MP article was published (A. Lang, 2000, 2006).
At the onset of this paper, we asked if unexpected and sometimes inconsistent findings observed in
the LCAMP literature were sufficient to warrant discarding the model in favor of a an entirely different
framework. We propose that the answer is ‘no.” Instead, we argue that it is possible to account for
these inconsistencies by incorporating recent empirical results from a diversity of literatures and
updating a selection of the auxiliary hypotheses of the LCAMP. To this end, we considered three
broad domains within LC4MP research: cognitive load, motivated processing, and memory. In
each section, we outlined a selection of findings that suggested the necessity of another look at
the assumptions and predictions of the LC4MP, updated these assumptions in light of current litera-
ture in communication science and cognate fields, and proposed a suite of falsifiable predictions and
potential avenues for their testing. In doing so, we provide explanations for inconsistent findings and
position the LC4MP to take advantage of new methods and illuminate new questions.

By conceptualizing communication in all of its physically and digitally mediated forms as a
dynamic, fundamentally human-centered process, the LC4AMP provides a framework through
which to investigate processes of interest to a wide range of communication scholars.The model
has already been used to great utility for understanding health messages (Bigsby, Monahan, & Ewold-
sen, 2017; Clayton et al.,, 2018; Clayton, Leshner, Tomko, et al., 2017; Leshner et al,, 2018; Leshner,
Thomas, & Bolls, 2009; Liu & Bailey, 2018; Weber, Huskey, Mangus, Westcott-Baker, & Turner, 2015;
Weber, Westcott-Baker, & Anderson, 2013), political messages (Bradley et al.,, 2007; Wang, Morey,
et al, 2012), educational multimedia (Chung, Cheon, & Lee, 2015; Fisher & Keene, 2017; Lee &
Heeter, 2017), fear appeals (Leshner et al, 2011; Ordofana, Gonzalez-Javier, Espin-Lopez, &
Gomez-Amor, 2009; Rhodes, 2017; Roskos-Ewoldsen, Yu, & Rhodes, 2004), social influence and mor-
ality (Read, Lynch, & Matthews, 2018; Rubenking & Lang, 2014), news (Barreda-Angeles, Pereda-
Banos, Ferrandiz-Bofill, & Costa, 2017; Bas & Grabe, 2015; Fox et al., 2004; Grabe, Yegiyan, &
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Kamhawi, 2008; Lang, Potter, & Grabe, 2003; Wise, Eckler, Kononova, & Littau, 2009), multitasking
(Katsyri et al., 2016; Rubenking, 2017; Wang, David, et al., 2012), and a wide variety of other areas.
In clarifying and updating model predictions, we hone the model’s utility in each of these areas,
and position the LC4AMP to investigate novel questions and incorporate new methodological
approaches.

Of the 256 LC3MP/LC4MP articles published over the last two decades, 164 of them have been
published in the last five years—suggesting that the influence of the LC4MP is yet far from waning
(Fisher et al., 2018). While it may be overly optimistic to think that the ideas presented herein will
have a similar shelf life as the original model, we sincerely hope that the predictions we outline —
and the revised model we sketch - provide a foothold for the next wave of fruitful LC4AMP research
across many areas of communication science (Table 1).

Note
1. As later published in (Popper, 1985).

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

J.F.is an awardee of the National Science Foundation IGERT Traineeship for Network Science and Big Data.

ORCID

Jacob T. Fisher (2 http://orcid.org/0000-0002-2968-2557
Richard Huskey @ http://orcid.org/0000-0002-4559-2439
Justin Robert Keene (= http://orcid.org/0000-0002-1404-0025
René Weber (© http://orcid.org/0000-0002-8247-7341

References

Abler, B., Walter, H., Erk, S., Kammerer, H., & Spitzer, M. (2006). Prediction error as a linear function of reward probability is
coded in human nucleus accumbens. Neurolmage, 31(2), 790-795.

Alais, D., Morrone, C., & Burr, D. (2006). Separate attentional resources for vision and audition. Proceedings of the Royal
Society B: Biological Sciences, 273(1592), 1339-1345.

Anderson, B. A. (2016). Social reward shapes attentional biases. Cognitive Neuroscience, 7(1-4), 30-36.

Anderson, J. R. (1983). A spreading activation theory of memory. Journal of Verbal Learning and Verbal Behavior, 22(3),
261-295.

Anderson, B. A, Laurent, P. A, & Yantis, S. (2011). Value-driven attentional capture. Proceedings of the National Academy of
Sciences, 108(25), 10367-10371.

Baddeley, A. D. (1992). Working memory. Science, 255(5044), 556-559.

Barreda-Angeles, M., Pereda-Bafios, A, Ferrandiz-Bofill, X., & Costa, A. (2017). Learned effects of structural components of
newscasts on viewers’ information processing: The case of stings. Communications, 42(1), 62-88.

Barrouillet, P., & Camos, V. (2012). As time goes by: Temporal constraints in working memory. Current Directions in
Psychological Science, 21(6), 413-419. doi:10.1177/0963721412459513

Bas, O., & Grabe, M. E. (2015). Emotion-provoking personalization of news: Informing citizens and closing the knowledge
gap? Communication Research, 42(2), 159-185.

Basil, M. D. (1994a). Multiple resource theory I: Application to television viewing. Communication Research, 21(2), 177-207.

Basil, M. D. (1994b). Multiple resource theory Il: Empirical examination of modality-specific attention to television scenes.
Communication Research, 21(2), 208-231.

Bassett, D. S, & Bullmore, E. (2006). Small-world brain networks. The Neuroscientist: A Review Journal Bringing
Neurobiology, Neurology and Psychiatry, 12(6), 512-523.

Bassett, D. S., & Sporns, O. (2017). Network neuroscience. Nature Neuroscience, 20(3), 353-364.


http://orcid.org/0000-0002-2968-2557
http://orcid.org/0000-0002-4559-2439
http://orcid.org/0000-0002-1404-0025
http://orcid.org/0000-0002-8247-7341
https://dx.doi.org/10.1177/0963721412459513

20 J.T.FISHERET AL,

Bays, P. M. (2015). Spikes not slots: Noise in neural populations limits working memory. Trends in Cognitive Sciences, 19(8),
431-438.

Berntson, G. G., & Cacioppo, J. T. (2008). The neuroevolution of motivation. In J. Y. Shah & W. L. Gardner (Eds.), Handbook of
motivation science. New York, NY: Guilford Press.

Berridge, K. C. (2000). Reward learning: Reinforcement, incentives, and expectations. Psychology of Learning and
Motivation, 40, 223-278.

Berridge, K. C., Robinson, T. E., & Aldridge, J. W. (2009). Dissecting components of reward: Liking, wanting, and learning.
Current Opinion in Pharmacology, 9(1), 65-73.

Betzel, R. F., & Bassett, D. S. (2017). Multi-scale brain networks. Neurolmage, 160, 73-83.

Bigsby, E., Monahan, J. L, & Ewoldsen, D. R. (2017). An examination of adolescent recall of anti-smoking messages:
Attitudes, message type, and message perceptions. Health Communication, 32(4), 409-419.

Bjorklund, D. F., & Harnishfeger, K. K. (1990). The resources construct in cognitive development: Diverse sources of evi-
dence and a theory of inefficient inhibition. Developmental Review, 10(1), 48-71.

Bolls, P. D. (2002). | can hear you, but can | see you?: The use of visual cognition during exposure to high-imagery radio
advertisements. Communication Research, 29(5), 537-563.

Botvinick, M. M., & Braver, T. (2015). Motivation and cognitive control: From behavior to neural mechanism. Annual Review
of Psychology, 66, 83-113.

Botvinick, M. M., Braver, T. S., Barch, D. M,, Carter, C. S., & Cohen, J. D. (2001). Conflict monitoring and cognitive control.
Psychological Review, 108(3), 624-652.

Botvinick, M. M., & Cohen, J. D. (2014). The computational and neural basis of cognitive control: Charted territory and new
frontiers. Cognitive Science, 38(6), 1249-1285.

Bradley, S. D. (2007). Dynamic, embodied, limited-capacity attention and memory: Modeling cognitive processing of
mediated stimuli. Media Psychology, 9(1), 211-2309.

Bradley, S. D., Angelini, J. R, & Lee, S. (2007). Psychophysiological and memory effects of negative political ads: Aversive,
arousing, and well remembered. Journal of Advertising, 36(4), 115-127.

Braver, T. S. (2012). The variable nature of cognitive control: A dual mechanisms framework. Trends in Cognitive Sciences,
16(2), 106-113.

Braver, T. S., Gray, J. R, & Burgess, G. C. (2007). Explaining the many varieties of working memory variation: Dual mech-
anisms of cognitive control. In A. R. Conway, C. Jarrold, M. J. Kane, A. Miyake, & J. N. Towse (Eds.), Variation in working
memory (pp. 443-472). New York, NY: Oxford University Press.

Braver, T. S., Krug, M. K., Chiew, K. S., Kool, W., Westbrook, J. A., Clement, N. J,, ... Somerville, L. H. (2014). Mechanisms of
motivation-cognition interaction: Challenges and opportunities. Cognitive, Affective & Behavioral Neuroscience, 14(2),
443-472.

Buschman, T. J., Siegel, M., Roy, J. E., & Miller, E. K. (2011). Neural substrates of cognitive capacity limitations. Proceedings of
the National Academy of Sciences, 108(27), 11252-11255.

Cacioppo, J. T., & Gardner, W. L. (1999). Emotion. Annual Review of Psychology, 50(1), 191-214.

Carlesimo, G. A, Turriziani, P., Paulesu, E., Gorini, A, Caltagirone, C., Fazio, F., & Perani, D. (2004). Brain activity during intra-
and cross-modal priming: New empirical data and review of the literature. Neuropsychologia, 42(1), 14-24.

Chandler, P., & Sweller, J. (1991). Cognitive load theory and the format of instruction. Cognition and Instruction, 8(4), 293—
332.

Chiew, K. S. (2011). Positive affect versus reward: Emotional and motivational influences on cognitive control. Frontiers in
Psychology, 2(279), 1-10.

Chung, S., Cheon, J., & Lee, K.-W. (2015). Emotion and multimedia learning: An investigation of the effects of valence and
arousal on different modalities in an instructional animation. Instructional Science, 43(5), 545-559.

Chung, S., & Sparks, J. V. (2016). Motivated processing of peripheral advertising information in video games.
Communication Research, 43(4), 518-541.

Clayton, R. B, Lang, A,, Leshner, G., & Quick, B. L. (2018). Who fights, who flees? An integration of the LC4AMP and psycho-
logical reactance theory. Media Psychology, 1-27. doi:10.1080/15213269.2018.1476157

Clayton, R. B,, Leshner, G., Bolls, P. D., & Thorson, E. (2017). Discard the smoking cues—keep the disgust: An investigation
of tobacco smokers’ motivated processing of anti-tobacco commercials. Health Communication, 32(11), 1319-1330.

Clayton, R. B, Leshner, G., Tomko, R. L., Trull, T. J.,, & Piasecki, T. M. (2017). Countering craving with disgust images:
Examining nicotine withdrawn smokers’ motivated message processing of anti-tobacco public service announce-
ments. Journal of Health Communication, 22(3), 254-261.

Clayton, R. B., Ridgway, J. L, & Hendrickse, J. (2017). Is plus size equal? The positive impact of average and plus-sized
media fashion models on women's cognitive resource allocation, social comparisons, and body satisfaction.
Communication Monographs, 84(3), 406-422.

Collins, A. M., & Loftus, E. F. (1975). A spreading-activation theory of semantic processing. Psychological Review, 82(6),
407-428.

Cunningham, C,, & Alhabash, S. (2017). Overloaded: Investigating the effects of working memory and perceptual load on
attention and memory for online news push notifications. Paper presented at the The 67th Annual Meeting of the
International Communication Association (ICA), San Diego, CA, USA.


https://dx.doi.org/10.1080/15213269.2018.1476157

ANNALS OF THE INTERNATIONAL COMMUNICATION ASSOCIATION e 21

Dale, E., & Chall, J. S. (1948). A formula for predicting readability: Instructions. Educational Research Bulletin, 27(2), 37-54.

Dayan, P., & Balleine, B. W. (2002). Reward, motivation, and reinforcement learning. Neuron, 36(2), 285-298.

DeAndrea, D. C., & Holbert, R. L. (2017). Increasing clarity where it is needed most: Articulating and evaluating theoretical
contributions. Annals of the International Communication Association, 41(2), 168-180.

de Fockert, J. W., Rees, G,, Frith, C. D., & Lavie, N. (2001). The role of working memory in visual selective attention. Science,
291(5509), 1803-1806.

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selective visual attention. Annual Review of Neuroscience, 18(1),
193-222.

Diao, F., & Sundar, S. S. (2004). Orienting response and memory for web advertisements: Exploring effects of pop-up
window and animation. Communication Research, 31(5), 537-567.

Dolcos, F., Wang, L., & Mather, M. (2014). Current research and emerging directions in emotion-cognition interactions.
Frontiers in Integrative Neuroscience, 8, 83.

Dunn, T. L, Inzlicht, M., & Risko, E. F. (2017). Anticipating cognitive effort: Roles of perceived error-likelihood and time
demands. Psychological Research. doi:10.1007/s00426-017-0943-x

Elliott, J. C,, & Giesbrecht, B. (2010). Perceptual load modulates the processing of distractors presented at task-irrelevant
locations during the attentional blink. Attention, Perception & Psychophysics, 72(8), 2106-2114.

Fisher, J. T., Hopp, F., & Weber, R. (2018). “Look Harder!” ADHD, media multitasking, and the effects of cognitive and percep-
tual load on resource availability and processing performance. Paper presented at the 68th annual conference of the
International Communication Association. Prague, CZ.

Fisher, J. T., & Keene, J. R. (2017). Examining cognitive load and recall for educational multimedia messages in ADHD and
high media multitasking populations. Paper presented at the 67th Annual Conferece of the International
Communication Association (ICA). San Diego, CA.

Fisher, J. T,, Keene, J. R., Huskey, R., & Weber, R. (2018). The limited capacity model of motivated mediated message pro-
cessing: Taking stock of the past. Annals of the International Communication Association. doi:10.1080/23808985.2018.
1534552

Fitousi, D., & Wenger, M. J. (2011). Processing capacity under perceptual and cognitive load: A closer look at load theory.
Journal of Experimental Psychology. Human Perception and Performance, 37(3), 781-798.

Forster, S., & Lavie, N. (2007). High perceptual load makes everybody equal, eliminating individual differences in distract-
ibility with load. Psychological Science, 18(5), 377-381.

Fox, J.R, Lang, A, Chung, Y., Lee, S, Schwartz, N., & Potter, D. (2004). Picture this: Effects of graphics on the processing of
television news. Journal of Broadcasting & Electronic Media, 48(4), 646-674.

Fox, J. R, Park, B., & Lang, A. (2007). When available resources become negative resources: The effects of cognitive over-
load on memory sensitivity and criterion bias. Communication Research, 34(3), 277-296.

Ganis, G., Thompson, W. L., & Kosslyn, S. M. (2004). Brain areas underlying visual mental imagery and visual perception: An
fMRI study. Cognitive Brain Research, 20(2), 226-241.

Giesbrecht, B., Sy, J,, Bundesen, C,, & Kyllingsbaek, S. (2014). A new perspective on the perceptual selectivity of attention
under load. Annals of the New York Academy of Sciences, 1316, 71-86.

Gobet, F., Lane, P. C. R, Croker, S., Cheng, P. C-H., Jones, G., Oliver, I., & Pine, J. (2001). Chunking mechanisms in human
learning. Trends in Cognitive Sciences, 5(6), 236-243.

Gottfried, J. A, O'Doherty, J., & Dolan, R. J. (2003). Encoding predictive reward value in human amygdala and orbitofrontal
cortex. Science, 301(5636), 1104-1107.

Grabe, M. E,, Yegiyan, N., & Kamhawi, R. (2008). Experimental evidence of the knowledge gap: Message arousal, motiv-
ation, and time delay. Human Communication Research, 34(4), 550-571.

Harris, D. J., Vine, S. J., & Wilson, M. R. (2017). Is flow really effortless? The complex role of effortful attention. Sport, Exercise,
and Performance Psychology, 6(1), 103-114.

Hauser, T. U,, Eldar, E., & Dolan, R. J. (2017). Separate mesocortical and mesolimbic pathways encode effort and reward
learning signals. Proceedings of the National Academy of Sciences, 114(35), E7395-E7404.

Hebb, D. O. (1961). Distinctive features of learning in the higher animal. In J. F. Delafresnaye (Ed.), Brain mechanisms and
learning. London, UK: Oxford University Press.

Henke, K. (2010). A model for memory systems based on processing modes rather than consciousness. Nature Reviews
Neuroscience, 11, 523-532.

Hohman, Z. P., Keene, J. R, Harris, B. N, Niedbala, E. M., & Berke, C. K. (2017). A biopsychological model of anti-drug psa
processing: Developing effective persuasive messages. Prevention Science: The Official Journal of the Society for
Prevention Research, 18, 1006-1016.

Hohman, Z. P., Keene, J., Harris, B. N., & Niedbala, E. (2016). The effects of emotional trajectories in anti-drug messages on
psychophysiological arousal and attitude ambivalence. Psychophysiology, 53(582), S82.

Huskey, R, Craighead, B., Miller, M. B., & Weber, R. (2018). Does intrinsic reward motivate cognitive control? A naturalistic-
fMRI study based on the synchronization theory of flow. Cognitive, Affective & Behavioral Neuroscience. doi:10.3758/
s13415-018-0612-6

Jager, T., Mecklinger, A., & Kipp, K. H. (2006). Intra- and inter-item associations doubly dissociate the electrophysiological
correlates of familiarity and recollection. Neuron, 52(3), 535-545.


https://doi.org/10.1007/s00426-017-0943-x
https://dx.doi.org/10.1080/23808985.2018.1534552
https://dx.doi.org/10.1080/23808985.2018.1534552
https://doi.org/10.3758/s13415-018-0612-6
https://doi.org/10.3758/s13415-018-0612-6

22 (&) J.T.FISHERETAL.

Johnson, J. S, Simmering, V. R, & Buss, A. T. (2014). Beyond slots and resources: Grounding cognitive concepts in neural
dynamics. Attention, Perception & Psychophysics, 76(6), 1630-1654.

Kahneman, D. (1973). Attention and effort. Englewood Cliffs, NJ: Prentice Hall.

Katsyri, J., Kinnunen, T., Kusumoto, K., Oittinen, P., Ravaja, N., & Yechiam, E. (2016). Negativity bias in media multitasking:
The effects of negative social media messages on attention to television news broadcasts. PloS One, 11(5), e0153712.

Keene, J. R, & Lang, A. (2012). Positively negative: An overtime examination of reactions to coactive messages.
Psychophysiology, 49(S1), S73. doi:10.1111/j.1469-8986.2012.01440.x

Keene, J. R, & Lang, A. (2016). Dynamic motivated processing of emotional trajectories in public service announcements.
Communication Monographs, 83, 468-485.

Keitel, C,, Maess, B., Schroger, E., & Miiller, M. M. (2013). Early visual and auditory processing rely on modality-specific
attentional resources. Neurolmage, 70(15), 240-249.

Kelley, T. A., & Lavie, N. (2011). Working memory load modulates distractor competition in primary visual cortex. Cerebral
Cortex, 21(3), 659-665.

Koelewijn, T., Bronkhorst, A., & Theeuwes, J. (2010). Attention and the multiple stages of multisensory integration: A
review of audiovisual studies. Acta Psychologica, 134(3), 372-384.

Konstantinou, N., Beal, E., King, J.-R., & Lavie, N. (2014). Working memory load and distraction: Dissociable effects of visual
maintenance and cognitive control. Attention, Perception & Psychophysics, 76(7), 1985-1997.

Kosslyn, S. M., Alpert, N. M., Thompson, W. L., Maljkovic, V., Weise, S. B, Chabris, C. F., ... Buonanno, F. S. (1993). Visual
mental imagery activates topographically organized visual cortex: PET investigations. Journal of Cognitive
Neuroscience, 5(3), 263-287.

Kuschinsky, W., Suda, S., & Sokoloff, L. (1981). Local cerebral glucose utilization and blood flow during metabolic acidosis.
The American Journal of Physiology, 241(5), H772-H777.

Lang, A. (2000). The limited capacity model of mediated message processing. The Journal of Communication, 50(1), 46-70.

Lang, A. (2006). Using the limited capacity model of motivated mediated message processing to design effective cancer
communication messages. The Journal of Communication, 56(1), S57-S80.

Lang, A. (2009). The limited capacity model of motivated mediated message processing. In The sage handbook of media
processes and effects (pp. 1-12). Sage.

Lang, A. (2017). Limited capacity model of motivated mediated message processing (LC4MP). In The international ency-
clopedia of media effects (Vol. 17, pp. 1-9). New York, NY: John Wiley & Sons.

Lang, A, & Basil, M. D. (1998). Attention, resource allocation, and communication research: What do secondary task reac-
tion times measure, anyway? Communication Yearbook, 21(1), 443-473.

Lang, A, Borse, J., Wise, K., & David, P. (2002). Captured by the world wide web: Orienting to structural and content fea-
tures of computer-presented information. Communication Research, 29(3), 215-245.

Lang, P. J,, & Bradley, M. M. (2008). Appetitive and defensive motivation is the substrate of emotion. In A. J. Elliot (Ed.),
Handbook of Approach and Avoidance Motivation. New York, NY: Psychology Press.

Lang, P. J,, & Bradley, M. M. (2010). Emotion and the motivational brain. Biological Psychology, 84(3), 57-70.

Lang, P. J, Bradley, M. M,, Cuthbert, B. N., & Simons, R. F. (1997). Motivated attention: Affect, activation, and action. In P. J.
Lang, R. F. Simons, & M. Balaban (Eds.), Attention and Orienting: Sensory and Motivational Processes. New York, NY:
Routledge.

Lang, A, Bradley, S. D., Park, B., Shin, M., & Chung, Y. (2006). Parsing the resource pie: Using STRTs to measure attention to
mediated messages. Media Psychology, 8(4), 369-394.

Lang, A, Gao, Y., Potter, R.F,, Lee, S., Park, B., & Bailey, R. L. (2015). Conceptualizing audio message complexity as available
processing resources. Communication Research, 42(6), 759-778.

Lang, A, Kurita, S., Gao, Y., & Rubenking, B. (2013). Measuring television message complexity as available processing
resources: Dimensions of information and cognitive load. Media Psychology, 16(2), 129-153.

Lang, A., Potter, R. F., & Bolls, P. D. (1999). Something for nothing: Is visual encoding automatic? Media Psychology, 1(2),
145-163.

Lang, A, Potter, D., & Grabe, M. E. (2003). Making news memorable: Applying theory to the production of local television
news. Journal of Broadcasting & Electronic Media, 47(1), 113-123.

Lang, A, Sanders-Jackson, A., Wang, Z., & Rubenking, B. (2013). Motivated message processing: How motivational acti-
vation influences resource allocation, encoding, and storage of TV messages. Motivation and Emotion, 37(3), 508-517.

Lavie, N. (1995). Perceptual load as a necessary condition for selective attention. Journal of Experimental Psychology.
Human Perception and Performance, 21(3), 451-468.

Lavie, N. (2005). Distracted and confused?: Selective attention under load. Trends in Cognitive Sciences, 9(2), 75-82.

Lavie, N. (2010). Attention, distraction, and cognitive control under load. Current Directions in Psychological Science, 19(3),
143-148.

Lavie, N., Hirst, A., de Fockert, J. W., & Viding, E. (2004). Load theory of selective attention and cognitive control. Journal of
Experimental Psychology: General, 133(3), 339-354.

Lavie, N., & Tsal, Y. (1994). Perceptual load as a major determinant of the locus of selection in visual attention. Perception &
Psychophysics, 56(2), 183-197.

LeDoux, J. E. (2000). Emotion circuits in the brain. Annual Review of Neuroscience, 23(1), 155-184.


https://dx.doi.org/10.1111/j.1469-8986.2012.01440.x

ANNALS OF THE INTERNATIONAL COMMUNICATION ASSOCIATION e 23

LeDoux, J. E. (2012). Evolution of human emotion: A view through fear. Progress in Brain Research, 195, 431-442.

Lee, Y.-H., & Heeter, C. (2017). The effects of cognitive capacity and gaming expertise on attention and comprehension.
Journal of Computer Assisted Learning, 33(5), 473-485.

Lee, T, Itti, L., & Mather, M. (2012). Evidence for arousal-biased competition in perceptual learning. Frontiers in Psychology,
3(241), 1-9.

Lee, S, & Lang, A. (2015). Redefining media content and structure in terms of available resources: Toward a dynamic
human-centric theory of communication. Communication Research, 42(5), 599-625.

Leshner, G,, Bolls, P., & Wise, K. (2011). Motivated processing of fear appeal and disgust images in televised anti-tobacco
ads. Journal of Media Psychology, 23(2), 77-89.

Leshner, G,, Clayton, R. B, Bolls, P. D., & Bhandari, M. (2018). Deceived, disgusted, and defensive: Motivated processing of
anti-tobacco advertisements. Health Communication, 33(10), 1223-1232.

Leshner, G, Thomas, E., & Bolls, P. D. (2009). Scare’ em or disgust ‘em: The effects of graphic health promotion messages.
Health Communication, 24(5), 447-458.

Lisman, J. E, & Grace, A. A. (2005). Thehippocampal-VTA loop: Controlling the entry of information into long-term
memory. Neuron, 46(5), 703-713.

Liu, J., & Bailey, R. L. (2018). Effects of substance cues in negative public service announcements on cognitive processing.
Health Communication, 1-11. doi:10.1080/10410236.2018.1446251

Ma, W. J,, Husain, M., & Bays, P. M. (2014). Changing concepts of working memory. Nature Neuroscience, 17(3), 347-356.

Macmillan, N. A., & Creelman, C. D. (1991). Detection theory: A user’s guide. Cambridge: Cambridge University Press.

Marois, R., & lvanoff, J. (2005). Capacity limits of information processing in the brain. Trends in Cognitive Sciences, 9(6), 296
305.

Mather, M., & Sutherland, M. R. (2011). Arousal-biased competition in perception and memory. Perspectives on
Psychological Science, 6(2), 114-133.

Mathy, F., & Feldman, J. (2012). What's magic about magic numbers? Chunking and data compression in short-term
memory. Cognition, 122(3), 346-362.

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cortex function. Annual Review of Neuroscience, 24,
167-202.

Norris, C. J., Gollan, J., Berntson, G. G., & Cacioppo, J. T. (2010). The current status of research on the structure of evaluative
space. Biological Psychology, 84(3), 422-436.

OrdoAana, J. R, Gonzdlez-Javier, F., Espin-Lépez, L., & Gémez-Amor, J. (2009). Self-report and psychophysiological
responses to fear appeals. Human Communication Research, 35(2), 195-220.

Paas, F. G,, Van Merriénboer, J. J., & Adam, J. J. (1994). Measurement of cognitive load in instructional research. Perceptual
and Motor Skills, 79(1 Pt 2), 419-430.

Park, B., & Bailey, R. L. (2017). Application of information introduced to dynamic message processing and enjoyment.
Journal of Media Psychology, 1-11. doi:10.1027/1864-1105/a000195

Pashler, H. E., & Sutherland, S. (1998). The psychology of attention (Vol. 15). Cambridge, MA: MIT press.

Pessoa, L. (2009). How do emotion and motivation direct executive control? Trends in Cognitive Sciences, 13(4), 160-166.

Pessoa, L. (2010). Embedding reward signals into perception and cognition. Frontiers in Neuroscience, 4, 1-8.

Popper, K. (1985). The problem of demarcation. In D. Miller (Ed.), Popper selections (pp. 118-130). Princeton, NJ: Princeton
University Press.

Popper, K. R. (1959/2002). The logic of scientific discovery. New York, NY: Psychology Press.

Porcu, E., Keitel, C,, & Muller, M. M. (2014). Visual, auditory and tactile stimuli compete for early sensory processing
capacities within but not between senses. Neurolmage, 97, 224-235.

Posner, M. I. (1978). Chronometric explorations of mind. Retrieved from http://doi.apa.org/psycinfo/1980-02340-000

Potter, R. F., Jamison-Koenig, E. J., Lynch, T., & Sites, J. (2016). Effect of vocal-pitch difference on automatic attention to
voice changes in audio messages. Communication Research, 1-18. doi:10.1177/0093650215623835

Potter, R. F,, Lang, A., & Bolls, P. D. (2008). Identifying structural features of audio: Orienting responses during radio mess-
ages and their impact on recognition. Journal of Media Psychology, 20(4), 168-177.

Power, J. D., Cohen, A. L., Nelson, S. M., Wig, G. S., Barnes, K. A,, Church, J. A, ... Petersen, S. E. (2011). Functional network
organization of the human brain. Neuron, 72(4), 665-678.

Read, G. L, Lynch, T., & Matthews, N. L. (2018). Increased cognitive load during video game play reduces rape myth accep-
tance and hostile sexism after exposure to sexualized female avatars. Sex Roles. doi:10.1007/s11199-018-0905-9

Redondo, R. L., & Morris, R. G. M. (2011). Making memories last: The synaptic tagging and capture hypothesis. Nature
Reviews. Neuroscience, 12(1), 17.

Rees, G, Frith, C. D, & Lavie, N. (1997). Modulating irrelevant motion perception by varying attentional load in an unre-
lated task. Science, 278(5343), 1616-1619.

Reeves, B., & Thorson, E. (1986). Watching television: Experiments on the viewing process. Communication Research, 13(3),
343-361.

Regev, M., Simony, E., Lee, K, Tan, K. M., Chen, J., & Hasson, U. (2018). Propagation of information along the cortical
hierarchy as a function of attention while reading and listening to stories. BioRxiv. doi:10.1101/291526. 291526
[Preprint].


https://dx.doi.org/10.1080/10410236.2018.1446251
https://dx.doi.org/10.1027/1864-1105/a000195
http://doi.apa.org/psycinfo/1980-02340-000
https://dx.doi.org/10.1177/0093650215623835
https://doi.org/10.1007/s11199-018-0905-9
https://dx.doi.org/10.1101/291526

24 J.T.FISHERET AL,

Rhodes, N. (2017). Fear-appeal messages: Message processing and affective attitudes. Communication Research, 44(7),
952-975.

Rodero, E. (2016). Influence of speech rate and information density on recognition: The moderate dynamic mechanism.
Media Psychology, 19(2), 224-242.

Roskos-Ewoldsen, D. R, Yu, J. H., & Rhodes, N. (2004). Fear appeal messages affect accessibility of attitudes toward the
threat and adaptive behaviors. Communication Monographs, 71(1), 49-69.

Rougier, N. P., Noelle, D. C,, Braver, T. S., Cohen, J. D., & O'Reilly, R. C. (2005). Prefrontal cortex and flexible cognitive control:
Rules without symbols. Proceedings of the National Academy of Sciences, 102(20), 7338-7343.

Rubenking, B. (2017). Boring is bad: Effects of emotional content and multitasking on enjoyment and memory. Computers
in Human Behavior, 72, 488-495.

Rubenking, B., & Lang, A. (2014). Captivated and grossed out: An examination of processing core and sociomoral disgusts
in entertainment media. Journal of Communication, 64(3), 543-565.

Scalf, P. E., Torralbo, A., Tapia, E., & Beck, D. M. (2013). Competition explains limited attention and perceptual resources:
Implications for perceptual load and dilution theories. Frontiers in Psychology, 4(243), 1-9.

Schneider, W., & Shiffrin, R. M. (1977). Controlled and automatic human information processing: I. Detection, search, and
attention. Psychological Review, 84(1), 1-66.

Schultz, W., Dayan, P., & Montague, P. R. (1997). A neural substrate of prediction and reward. Science, 275(5306), 1593-
1599.

Shapiro, M. (1994). Signal detection measures of recognition memory. In A. Lang (Ed.), Measuring psychological responses
to media messages (pp. 133-148). Hillsdale, NJ: Lawrence Erlbaum.

Shohamy, D., & Adcock, R. A. (2010). Dopamine and adaptive memory. Trends in Cognitive Sciences, 14(10), 464-472.

Slater, M. D., & Gleason, L. S. (2012). Contributing to theory and knowledge in quantitative communication science.
Communication Methods and Measures, 6(4), 215-236.

Sparks, J. V., & Chung, S. (2016). The effects of psychobiological motivational traits on memory of in-game advertising
messages. Psychology & Marketing, 33(1), 60-68.

Sporns, O. (2014). Contributions and challenges for network models in cognitive neuroscience. Nature Neuroscience, 17(5),
652-660.

Sporns, O., & Betzel, R. F. (2016). Modular brain networks. Annual Review of Psychology, 67, 613-640.

Squire, L. R. (2004). Memory systems of the brain: A brief history and current perspective. Neurobiology of Learning and
Memory, 82(3), 171-177.

Squire, L. R, & Zola-Morgan, S. (1991). The medial temporal lobe memory system. Science, 253(5026), 1380-1386.

Stanislaw, H., & Todorov, N. (1999). Calculation of signal detection theory measures. Behavior Research Methods,
Instruments, & Computers, 31(1), 137-149.

Strézak, P., & Francuz, P. (2016). Event-related potential correlates of attention to mediated message processing. Media
Psychology, 20(2), 291-316. doi:10.1080/15213269.2016.1160787

Thorson, E., Reeves, B., & Schleuder, J. (1985). Message complexity and attention to television. Communication Research,
12(4), 427-454.

Todd, J. J., & Marois, R. (2004). Capacity limit of visual short-term memory in human posterior parietal cortex. Nature, 428
(6984), 751-754.

Tulving, E., & Schacter, D. L. (1990). Priming and human memory systems. Science, 247(4940), 301-306.

Ulrich, M., Keller, J., & Gron, G. (2016). Neural signatures of experimentally induced flow experiences identified in a typical
fMRI block design with BOLD imaging. Social Cognitive and Affective Neuroscience, 11(3), 496-507.

Ulrich, M., Keller, J., Hoenig, K., Waller, C., & Gron, G. (2013). Neural correlates of experimentally induced flow experiences.
Neurolmage, 86(1), 194-202.

Wahn, B., & Konig, P. (2017). Is attentional resource allocation across sensory modalities task-dependent? Advances in
Cognitive Psychology, 13(1), 83-96.

Wang, Z., David, P., Srivastava, J., Powers, S., Brady, C., D’Angelo, J., & Moreland, J. (2012). Behavioral performance and
visual attention in communication multitasking: A comparison between instant messaging and online voice chat.
Computers in Human Behavior, 28(3), 968-975.

Wang, Z., Morey, A. C,, & Srivastava, J. (2012). Motivated selective attention during political ad processing: The dynamic
interplay between emotional ad content and candidate evaluation. Communication Research, 41(1), 119-156.

Wang, Z., Solloway, T., Tcherneyv, J. M., & Barker, B. (2012). Dynamic motivational processing of antimarijuana messages:
Coactivation begets attention. Human Communication Research, 38(4), 485-509.

Weber, R, Huskey, R., Mangus, J. M., Westcott-Baker, A., & Turner, B. O. (2015). Neural predictors of message effectiveness
during counterarguing in anti-drug campaigns. Communication Monographs, 82(1), 4-30.

Weber, R., Westcott-Baker, A., & Anderson, G. L. (2013). A multilevel analysis of antimarijuana public service announce-
ment effectiveness. Communication Monographs, 80(3), 302-330.

Wechsler, D. (1974). Manual for the Wechsler intelligence scale for children, revised. New York, NY: Psychological
Corporation.

Wei, Z., Wang, X.-J., & Wang, D.-H. (2012). From distributed resources to limited slots in multiple-item working memory: A
spiking network model with normalization. Journal of Neuroscience, 32(33), 11228-11240.


https://dx.doi.org/10.1080/15213269.2016.1160787

ANNALS OF THE INTERNATIONAL COMMUNICATION ASSOCIATION e 25

Westbrook, A., & Braver, T. S. (2015). Cognitive effort: A neuroeconomic approach. Cognitive, Affective & Behavioral
Neuroscience, 15(2), 395-415.

Westbrook, A., & Braver, T. S. (2016). Dopamine does double duty in motivating cognitive effort. Neuron, 89, 695-710.
doi:10.1016/j.neuron.2015.12.029

Wickens, C. D. (1991). Processing resources and attention. Multiple-Task Performance, 1991, 3-34.

Wickens, C. D. (2008). Multiple resources and mental workload. Human Factors: The Journal of the Human Factors and
Ergonomics Society, 50(3), 449-455.

Wise, K., Eckler, P., Kononova, A., & Littau, J. (2009). Exploring the hardwired for news hypothesis: How threat proximity
affects the cognitive and emotional processing of health-related print news. Communication Studies, 60(3), 268-287.

Yegiyan, N. S. (2012). Gun focus effect revisited: Emotional tone modulates information processing strategy.
Communication Research, 39(6), 724-737.

Yegiyan, N. S. (2015a). Explicating the emotion spillover effect. Journal of Media Psychology, 27(3), 134-145.

Yegiyan, N. S. (2015b). Gun focus effect revisited Il: How sex modulates emotional information processing strategy.
Communication Research, 42(7), 903-921.

Yegiyan, N. S., & Yonelinas, A. P. (2011). Encoding details: Positive emotion leads to memory broadening. Cognition &
Emotion, 25(7), 1255-1262.

Zechmeister, E. B., & Nyberg, S. E. (1982). Human memory, an introduction to research and theory. Pacific Grove, CA: Brooks/
Cole.


https://dx.doi.org/10.1016/j.neuron.2015.12.029

	Abstract
	Cognitive load
	Unexpected findings and inconsistencies
	Updating the model
	What is a resource?
	Perceptual and cognitive load

	Updated predictions and avenues for testing

	Motivated processing
	Unexpected findings and inconsistencies

	Updating the model
	Updated predictions and avenues for testing

	Memory
	Unexpected findings and inconsistencies
	Updating the model
	Updated predictions and avenues for testing

	Conclusion
	Note
	Disclosure statement
	ORCID
	References



