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Abstract: Although emotional or affective working memory (WM) is quite well established in general
psychology, not much research has looked into its potential implications for the language sciences
and bilingualism and second language acquisition (SLA) research until recently. To fill this gap, this
paper aims to propose that WM has not just cognitive implications, but its affective dimension may
also make complementary and unique contributions to language and bilingualism/SLA research.
Towards this end, we first briefly synthesize the cognitive views of WM conceptions and assessment
procedures in the current language sciences and bilingualism/SLA research. Next, we turn to discuss
the theoretical models and assumptions of affective WM and explore their theoretical implications for
bilingualism/SLA research based on emerging empirical evidence. Then, we propose a conceptual
framework integrating cognitive and affective WM perspectives and further provide guidelines
for designing affective WM span tasks that can be used in future affective WM-language research,
focusing on the construction procedures of several emotion-based affective WM span tasks (e.g., the
emotional reading span task, the emotional operation span task, and the emotional symmetry span
task) as examples. Overall, we argue that affective feelings are also an integral part of the mental
representations held in WM and future research in the language sciences and bilingualism/SLA
should incorporate both cognitive and affective WM dimensions.

Keywords: working memory; affective working memory; language; bilingualism; emotion regulation;
N-back task

1. Introduction

Working memory (WM) generally refers to our ability to ‘mentally maintain informa-
tion in an active and readily accessible state while concurrently and selectively processing
new information’ [1]. Since its inception in the 1960s (e.g., [2]), WM has become a buzzword
concept permeating a broad range of disciplines in the cognitive sciences (cf. [3-5]), strad-
dling psychology, linguistics, neuroscience, human—computer interactions, anthropology,
and philosophy as well as the more applied domains of human cognition and communi-
cation, such as cognitive development, education, and language learning/teaching. The
implications of WM capacity and executive functions are pervasive and consequential
for constraining and shaping everyday cognitive activities in language comprehension,
arithmetic, reasoning, and many other cognitive tasks [6].

Affective WM (AWM), also called emotional WM, can be defined as the ability to
successfully deploy WM in emotionally stressful contexts [7]; cf. [8]). However, previous
theoretical and empirical studies on WM have predominantly focused on exploring its
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structure and functions in human cognition from multiple theoretical perspectives [9], while
its emotional connotation, or affective WM, has received much less attention in general
psychology and neuroscience, not to mention more practical domains such as language
learning and bilingual development. In the realms of the WM-language enterprise [10-13],
most previous and current research has adopted cognitive WM models (e.g., those listed
in [4,14,15]) as conceptual and theoretical frameworks to investigate the putative effects
of WM with a view to investigating the overall or specific implications of multiple WM
components (e.g., Baddeley’s model) and executive control functions (e.g., Cowan’s and
Engle’s model) for miscellaneous domains of language acquisition and bilingual process-
ing [16]. In sharp contrast, research probing the role of affective WM (AWM) in language
and/or bilingualism/SLA has been meager until recently [17]; see also [18].

To fill the gap, this paper proposes not only that WM in language and bilingual-
ism/SLA has cognitive implications but also that its affective dimensions should not be
neglected. It is argued that affective WM may hold great promise in making distinctive and
unique theoretical and methodological contributions to future SLA /bilingualism research.
Towards this goal, we first summarize the cognitive approaches to WM conceptions and the
assessment procedures implemented in current language and bilingualism /SLA research,
unearthing some remaining issues besetting theory and methodology. Following these,
we turn to elaborate on the construct of affective WM and integrate it with cognitive WM
perspectives on bilingualism/SLA studies. To facilitate future studies, we also propose
some practical guidelines for constructing a series of affective WM span tasks that can
be readily implemented in future affective WM-language research as complementary to
current cognitive paradigms. Overall, we argue that both cognitive and affective WM di-
mensions provide important, albeit distinctive, insight into the WM-language nexus [19,20],
and therefore, future research in the language sciences and bilingualism/SLA should incor-
porate both perspectives.

2. Cognitive WM Models and Measures in Language and Bilingualism/SLA

WM, as the primary memory (cf. [21]), plays a fundamental role in multiple facets of
human cognitive life, including language learning and processing [10,22,23]. Research on
WM drawing on the integration of a large number of empirical investigations of typical and
nontypical participants constituted a major source of and the catalyst for the formulation of
the seminal multicomponent model by Baddeley and colleagues [10,24]. This multicompo-
nent model of WM by Baddeley [25,26] has thus become the most widely cited framework
across multiple disciplines, including language and bilingualism /SLA research [27-29].

Among the four components as conceived in Baddeley’s fractionated WM model,
the phonological loop (or phonological WM; [20]), comprising a phonological store and
an articulatory rehearsal mechanism, has been postulated to play an instrumental role in
the storage and processing of novel phonological forms [30], rendering it the ‘language
learning device’” [25]( see also [31]). Inspired by this hypothesis, numerous empirical studies
adopting diverse research methodologies have corroborated the positive links between
phonological WM (measured by some simple storage-focused versions of memory-recall
tasks such as the digit span and the nonword recognition/repetition span; [32]) and a broad
range of language-learning domains among both typical and non-typical developmental
participants [33]. These language domains include, most obviously, the acquisition and
development of lexical knowledge or word learning in both L1 and L2 (e.g., [30,34-36]).
Longer linguistic units, such as phrases or multi-unit formulaic chunks, have been found
to rely on phonological WM as well (e.g., [37-40]), though its role in morpho-syntax or
grammatical structure is debatable (largely depending on the different epistemological
stances on the very definition of ‘grammar” and the specific models of language; cf. [41,42]).

Additionally, phonological WM, with its putative articulatory rehearsal mechanism,
has also been found to be closely related to oral fluency and development at the early
stages of language learning in both L1 and L2 (e.g., [43-45]). As such, the pivotal role
of phonological WM as conceived in Baddeley’s multicomponent model in storage- and
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sound-based language acquisitional and developmental aspects is now firmly established
(see also [46-48]. In contrast to phonological WM, other WM components, such as vi-
suospatial WM and the episodic buffer in Baddeley’s model, have received much less
enthusiasm among second-language researchers [22,49], nor have the linguistics- and
psycholinguistics-oriented components, such as semantic WM and orthographic WM,
been vigorously researched (e.g., [50]). In more recent years, though, Baddeley and col-
leagues [26] have explored the role of the episodic buffer in binding visual information such
as objects. This emerging trend will hopefully renew momentum towards investigating the
implications of visuospatial WM and the episodic buffer for sentence recall (e.g., [51,52])
and for following spoken instructions (i.e., the enactment effect) [53,54].

Despite the paucity of empirical studies directly probing the central executive in lan-
guage and SLA /bilingualism and adopting Baddeley’s structural view of WM [22], other
functional WM models have witnessed increasing theoretical and empirical investigations
into the individual variations in the executive control or attentional control aspects of
WM [55]. Two theoretical frameworks are gaining increasing prominence in this line of
inquiry, namely the embedded-processes model by Cowan [9] and the executive control or
attentional control paradigm touted by Engle [56,57]. Though controversies and debates
still linger over the sources of such inherent variations [1] and constituent sub-processes,
executive WM conceived this way (i.e., EWM in [20]) is generally operationalized and
measured by more cognitively demanding dual-processing (e.g., storage plus manipulation)
span tasks in both the psychological and language sciences [58,59], including bilingual-
ism/SLA research [60,61].

These ‘complex’ versions of executive WM span tasks include the seminal reading
span task that measures sentence judgment accuracy and serial recall of final words [62],
the scoring procedures of which have been further refined by Waters and Caplan [63]
to also take into account participants’ reaction time for the judgment component. Other
formats of the complex memory span tasks are gaining popularity [60], including the
domain-general operation span task, which taxes participants’ dual-processing ability
to solve arithmetic equations and recall final items [64] as a way to avoid confounding
linguistic proficiency in the reading span paradigm. Another format, i.e., the N-back task, is
commonly applied in both neuropsychology (e.g., cognitive and WM training); [65]) and
language-cum-SLA /bilingualism research ([66]), though its underlying mechanism is far
more controversial [67].

Regarding the effects of these executive aspects of WM (i.e., EWM [20]), empirical
studies have pointed to their close links with cognitively demanding language processes
and activities both online and offline during L1 reading and parsing (e.g., ambiguity
resolutions, morphological and grammatical processing, e.g., [68,69]) and L2 sub-skills
such as listening, speaking, reading, writing, and bilingual interpreting (e.g., [70-72]).

The most recent trend of executive functions related to WM is the ‘unity and diversity
framework [73,74] that is making its inroads into language and SLA /bilingualism research.
Scholars endeavor to explore the componential and separate effects of these executive
functions (e.g., updating, task switching, and inhibitory control) on L1 and L2 learning
and development [16]. Among the three key executive functions, memory updating and
inhibitory control, as measured respectively by the running memory span task [75] and
the N-back task [76], have garnered increasing attention in SLA (e.g., [77]) and task-based
language-teaching research [18,28,78]. Similarly, the well-articulated attentional control
paradigm by Engle and colleagues [79,80] has been cited widely in the language sciences
(cf. [81]) and interpreting models [82].

Overall, an increasing body of empirical studies as discussed in comprehensive nar-
rative reviews [15,20] and meta-analytic surveys (e.g., [69,71,83]; see also [47,84]) has
reinforced the positive links between the putative WM components (esp., phonological
WM and executive WM) and executive control functions (e.g., updating, task-switching,
inhibitory control, attentional control, etc.) as they relate to nuanced language-learning
domains and skills in L1 and L2. These emerging patterns, when effectively integrated and
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synthesized further, lend theoretical support and empirical evidence to the formulation
of an integrated cognitive account that portrays the intricate relationships between WM
components and functions on the one hand, and language as well as bilingualism/SLA
on the other. These hypothetical links thus culminate in the phonological/executive (P/E)
model [12,20,85,86].

Moreover, as the theoretical models of WM evolve, WM measurement procedures are
also evolving [61]. As such, the integrated account of WM and language/SLA has also
identified and regrouped the array of WM span tasks currently available from cognitive
psychology and neuroscience (e.g., [58,59]). Specifically, the P/E model [20] has stipulated
that the simple (storage-only) versions of memory span tasks (e.g., digit span, nonword
repetition span) are approximating phonological WM, while the complex (storage-plus-
processing) versions of memory span tasks serve as a proxy for executive WM. Furthermore,
in alignment with the emerging ‘unity and diversity’ framework, finer-grained sub-process-
oriented WM measures (e.g., storage, articulatory rehearsal, updating, task switching,
inhibitory control) are in place to tap into granulated executive or attentional control
mechanisms and functions that impact language and bilingualism/SLA domains.

To sum up, previous and current empirical studies adopting cognitive WM perspec-
tives have pointed to the positive, albeit distinct, roles of phonological WM and executive
WM as they relate to specific SLA domains and L2 sub-skill learning ([20]; cf. [87] for seman-
tic WM vs. phonological and orthographic WM). For example, Linck et al. [71] reported an
overall (population) effect size of 0.255 between WM and L2 processing and products. Such
an effect size is small, but the reasons behind this finding are still unclear. On the one hand,
it is possible that WM may be a necessary but not an essential factor in SLA. On the other
hand, such a small effect size can also be partly due to the differences in methodology such
as the inconsistency of WM span tasks across the empirical studies [60]. Though an enor-
mous number of studies have adopted these dominant cognitive paradigms to investigate
WM effects and their potential consequences for language and bilingualism/SLA, they are
not the only approaches and are not readily embraced by all linguists and psycholinguists.
It is even true that in ‘mainstream’” theoretical linguistics and psycholinguistics, for example
(cf. [88]), the role of WM or general memory as a whole is generally downplayed and
marginalized, sometimes to the extent of negligibility (e.g., [89,90]; cf. [91]).

For example, Chomsky [92] has unequivocally speculated that the language acqui-
sition device (LAD; or universal grammar) should be unaffected by such ‘grammatically
irrelevant conditions as memory limitations, distractions, shifts of attention and interest,
and errors (random or characteristic) in applying knowledge of the language in actual
performance’. (p. 3) Contrary to Chomsky’s dominant view in mainstream linguistics,
other processing- and performance-oriented theoretical linguists (e.g., [41,93]) as well as
emergentist-oriented (e.g., [94]) and typological or dependency grammar-oriented lin-
guists ([95]; cf. [96]), have all attached great emphasis to the role of WM, holding the
view that WM limitations are part and parcel of the language parser (or the language
device; [84,91]). It is even claimed that WM limitations play a pervasive, albeit sometimes
‘hidden’, role in key domains of language design, acquisition, and processing of linguistic
structures and constructions ranging from phonology to grammar and discourse ([94];
cf. [97]). Other psycholinguists-cum-neuroscientists (e.g., [29]) have recently advocated
studies of domain-specific WM components such as semantic WM and orthographic WM
alongside the prevailing phonological WM, derived from distinct neural correlates from
neuropsychological evidence (e.g., [29,87]). On a cautionary note, some psycholinguists
(e.g., [90]) have not ruled out the possibility that WM may be no more than an ‘emergent’
(parasitic) by-product of language comprehension and production (cf. [89,98].

3. Integrating Cognitive WM with Affective WM in Language and Bilingualism/SLA
3.1. The Theoretical Underpinnings

Despite its predominant reliance on cognitive WM models and span tasks in previous
language and bilingualism /SLA research, the emotional or affective component of WM
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(AWM) has also received attention in general psychology, which has gradually made
its forays into bilingualism research in recent years (e.g., [17]). In line with this new
trend, we may also need to acknowledge and consider the potential interactions between
cognition and emotion implicated in these traditional cognitive WM models and WM span
tasks [58,59].

Recent years have witnessed a growing interest in exploring the effects of emotions
such as mood and affect on WM [99] as well as their potential impacts on bilingual process-
ing [17]. Similarly, emotional or affective constructs have been intensely investigated in
current applied linguistics and SLA, including both well-established individual differences
(IDs) concepts such as motivation, anxiety, and willingness to communicate as well as
emerging constructs such as enjoyment, flow, grit, and even boredom [100]. It is not difficult
to imagine that, when L2 learners are highly anxious about an upcoming reading span task
of WM, a natural consequence may be that the participants may find themselves unable
to maintain mental focus on the sentential judgment, not to mention the recall part, and
thus their performance on either accuracy or reaction time will be affected (most likely
negatively in these cases). Under this circumstance, it may be the emotional and affective
state (i.e., anxiety) rather than their cognitive WM capacity that impairs performance in
maintaining and processing information necessary for the completion of the WM span task.

Interpreted this way, the participants” emotions (e.g., mood, anxiety, happiness, fear,
etc.) may serve to modulate their WM capacity [99]. For example, consider a teenage
student who is retrieving and processing information for a computer project but suddenly
breaks his newly purchased iPhone. The student might focus on the frustration that arose
from the broken iPhone, and thus, the attention to the original task (the computer project)
became distracted as the student was likely to maintain this broken-hearted feeling in mind
until the intensity diminished. On another occasion, if the same student was just promised
to receive a long-desired gift (e.g., the latest MacBook) if he can deliver an excellent project
result, such a motivation would likely increase the student’s WM capacity. Scenarios like
these may be referred to as affective WM, a specific type of WM that maintains and works
with the emotional or feeling states such as pleasure, pain, fear, anger, and other common
emotions (e.g., [101-103]).

That is to say, although it is generally accepted that WM is an important instrument for
cognition, the role of emotion and affect in WM is also tenable, albeit debatable. One could
further argue that emotional stimuli have been seen as an attentional workload, which
explains the impact of emotional valence (e.g., [50,104,105]). However, research has shown
that positive affect (e.g., happiness) improves WM, particularly the controlled processing in
WM (e.g., [106-108]). Naturally, this leads to the question: should we consider that affective
features influence WM abilities or that WM has an affective component? While further
evidence is necessary for the research community to disclose the underlying mechanism
behind the impact of emotions on WM capacity, we can fairly safely hypothesize that
positive emotions (e.g., happiness, excitement, joy, etc.) may enhance our WM, while
negative emotions (e.g., anxiety, fear, or sadness, etc.) may reduce our WM capacity
(e.g., [109]). However, we still need to determine under which conditions these positive or
negative effects may emerge and to what extent they interact with cognitive WM.

To provide an answer to this question, we draw on a theoretical model that simulates
the dynamic interactions between human cognition and emotion during task implementa-
tion, i.e., the TASKS framework [110], to propose a conceptual framework that integrates
cognitive and affective WM perspectives. The TASKS framework (encompassing task,
affect, skills and knowledge, and stress) postulates that an individual’s performance (be-
havior) on any cognitive task depends on the individual’s cognitive abilities (in this case,
WM capacity) and the mental effort put into the task. Furthermore, the mental effort that an
individual can put into a task is related to the mental stress triggered by the task through
an inverted U-shaped curve, as shown schematically in Figure 1. Based on Figure 1, it
can be hypothesized that low- and high-level mental stresses would produce low-level
mental efforts. In contrast, medium-level mental stress results in optimal-level mental
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efforts. For an easy cognitive task, a low mental effort could be sufficient to produce high
performance with low mental stress, whereas a low mental effort for a complex task implies
poor performance.

Low Medium High
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Figure 1. Mental Stress-Effort Model [111].
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Nguyen and Zeng [112,113] qualitatively defined human mental stress as the ratio of
perceived workload over mental capacity, as described in the equation below.

Perceived Workload Perceived Workload

Mental Stress = Mental Capacity ~ (Knowledge + Skills) * Affect

In the equation, knowledge, skills, and affect are three key factors determining the
human mental capacity to tackle a perceived workload related to a given task. The workload
is an external load exerted on an individual, which can be associated with the cognitive
complexity of the task. The amount of external workload constitutes the most direct source
of mental stress. Both knowledge (e.g., long-term knowledge base) and skills (e.g., logic
thinking, executive control processes) form cognitive capability, whereas affect refers to
affective capability (e.g., emotion regulation/coping) and determines how much of an
individual’s cognitive capability can be activated and harnessed to complete a given task.

By the same token, when cognitive WM functions are maintaining and manipulating
verbal (or visual) representations, they can also operate on emotional representations, thus
constituting affective WM (AWM). Distinct from cognitive WM, emotional or affective WM
(AWM) has several unique features [102]. First of all, it maintains a mental representation,
i.e., the subjective emotional feeling. In particular, the emotional connotation of task-
relevant information is likely to influence an individual’s behaviors or actions, even in
the absence of immediate emotion-eliciting stimuli (e.g., fearful feelings). Second, the
maintained representation in affective WM is modulating learners’ subsequent goals either
beneficially, neutrally, or detrimentally (e.g., happiness vs. sadness; [107]). Third, affective
WM involves active maintenance of a feeling or emotion, rather than a passive experience.
Finally, affective WM involves the maintenance of distributed neural representations
of feelings, for which attentional control is required for active maintenance. Above all,
affective WM processes exert deliberative control over the emotional feeling and affective
aspects of task-relevant (and possibly even task-irrelevant) information.

In their integrative framework of affective WM, Mikels and Reuter-Lorenz [8] depict
three modes of emotion-WM interactions. Each mode has general principles for the
functioning of WM concerning emotional feelings. Mode 1 focuses on the positive versus
negative emotions that people experience and how such emotions may influence their
engagement in ongoing cognitive tasks. Mode 2 concerns the influences of cognitive WM on
emotional experiences, which can either enhance or diminish emotions. Mode 3 stipulates
that emotional feelings can be mental representations maintained in WM. It is thus argued
that variances in mental representations constitute one part of WM and that WM functions
in responding to the changes in emotional states. Put another way, Mode 1 in the framework
are affect-laden stimuli that are processed and maintained by cognitive WM, while Mode 3
predominantly involves the maintenance of subjective emotional feeling states.
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3.2. Empirical Evidence

Following these theoretical insights discussed above, we now argue that such an
emotional component of WM, or affective WM, is poised to make distinctive and comple-
mentary contributions to conceptualizing and measuring WM in future empirical research
in bilingualism and SLA (e.g., [18]). So far, only sporadic studies in the bilingualism field
have investigated the possible transfer or facilitative effects of bilingual experience on
affective WM. These studies have been conducted primarily by team members and collabo-
rators of Bialystok’s lab [7,17,114]. For example, Janus and Bialystok et al. [17] explored the
influence of bilingualism on emotional regulation (ER). They also compared such effects be-
tween monolingual healthy young children vs. bilingual counterparts. Data were collected
from school-age (8 to 11 year-olds) bilingual children learning English as a second language
who were of diverse L1 backgrounds, e.g., Portuguese, Filipino, or Spanish. Another group
of learners was monolingual children, who served as the control group. The Emotional
Face N-back task they adopted focused on three emotional contexts of anger, happiness, and
neutrality, respectively. The results indicated that bilingual children demonstrated higher
levels of accuracy than monolingual children, suggesting bilingualism advantages [115].
However, no difference was detected in the response time (RT) in the two groups under the
1-back condition, while under the 2-back condition, bilingual children demonstrated higher
RTs than monolingual children, suggesting no differences in emotional regulation between
language groups. Similar results were also detected among adult subjects in a follow-up
study conducted by Barker and Bialystok [114].

However, as Ma et al. [7] noted, there were some contradictions in these two previous
studies by Bialystok et al. between accuracy rate and RTs. Both of these studies had
adopted the Face N-back task in emotional contexts, but it was not clear whether the
influence of bilingual experience on emotional WM task was due to task-specificity or other
(task-irrelevant) factors such as geography, economic status, and educational background,
all of which may play a role in the positive effects [71,115]. In addition, the bilingual
experience should not be treated as categorical [116] but instead should be considered
as a continuous variable (similar to that of L2 proficiency) for which different levels of
experience can be categorized for data analysis for understanding the fixed and random
effects (see also [71,117]).

Following these arguments, Ma et al. [7] further explored the influence of bilingual
experience on individuals” emotional WM. This latest study distinguished itself from pre-
vious studies by adopting a delayed matching-to-sample task paradigm in Experiment
1 and the N-back task in Experiment 2. The delayed matching-to-sample task paradigm
allowed the researchers to peer into participants’ ability in maintaining WM informa-
tion [118,119], while the N-back task paradigm was a more complicated task for measuring
memory updating ability besides maintaining WM information [114]. Data were collected
from Chinese-English bilinguals. The results showed that proficient bilinguals have better
performance on both of the two WM tasks than non-proficient bilinguals, suggesting a
bilingualism advantage. It was further found that negative emotions impact the complex
N-back tasks. Consistent with previous studies, this investigation corroborated that abun-
dant bilingual experience is an important factor to be considered. Such experience can
possibly promote the individual development of cognitive ability and enable individuals
to possess cognitive advantages on WM in emotionally stressful contexts (i.e., enhanced
affective WM). In addition, Ma et al. [7] also found that the background information with
negative emotions could improve individuals” performance in complex N-back tasks. To be
more specific, under the 2-back condition, the facilitative effect of negative emotions was
significantly greater than that of positive emotions and neutral emotions, and this result
was consistent with accumulating evidence based on previous studies (e.g., see [120,121]).
A typical example of the aforementioned results was seen in a study by Grimm et al. [122],
who took advantage of the emotional N-back task to explore the differences in the functions
of (memory) updating under different emotional expressions. The findings revealed that
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negative emotion words significantly facilitated the participants’ reaction in WM under the
2-back condition.

4. Construction of Affective WM Measures

Based on emerging patterns from the empirical studies discussed above, we can
tentatively argue that the influence of emotional conditions on WM might indeed be
affected by the cognitive complexity of the task (e.g., N-back). For example, more complex
WM tasks (the 2-back) may be influenced to a larger extent (as opposed to the 1-back
condition). Because more complex WM tasks entail higher cognitive load, the association
between emotion and WM could be modulated based on the adjusted cognitive load. In
line with these affective perspectives, we now turn to incorporate an alternative affective
component of WM in constructing a new breed of WM span tasks as complementary to
their cognitive counterparts. In the next section, we discuss methodological considerations
and propose practical guidelines for implementing these emotion-oriented AWM span
tasks in future WM-language /SLA explorations.

To begin with the most straightforward solution, AWM can be measured by the
standard WM task augmented with an inserted emotional background (e.g., [114,123]).
Compared with the standard or cognitive memory span tasks with no emotional back-
ground [58], emotional WM span tasks entail higher demands on cognitive operation due
to the extra requirements for emotional processing [17,106,123]. Affective WM span tasks
do not tap into only cognitive demands (such as storage and processing) but also can
serve to examine whether and to what extent the participants can resist the interference
of emotions and how effectively they can operate information processing in an emotional
and social environment [17]. That is to say, the purpose of using affective WM tasks is to
assess individuals” emotion regulation (ER) abilities, problem-solving abilities, and social
adaptation competence that participants may experience in real-life situations [17,123-125].

Applying these insights in the context of bilingualism /SLA, the perceived workload is
associated with the WM task difficulties while cognitive and affective capabilities are sup-
ported by the CWM and AWM, respectively. Drawing from the above theoretical discussion
(Section 3.1), it becomes plausible for bilingualism /SLA researchers to manipulate the cog-
nitive load [64] as a means to control the degree of the difficulty levels for WM span tasks.
For example, by drawing from the research design of previous studies and experimental
paradigms [17,114], three kinds of conditions of face emotional contexts—neutral, negative
(sadness) and positive (happiness) emotions—can be incorporated into the traditional WM
span tasks such as the Face N-back task [99]. Such a design has an advantage in exploring
the differences in WM between bilingual people with different levels of proficiency. That is
to say, during the research design of WM-language studies, we may also need to reconsider
whether a rich bilingual experience is conducive to promoting only the cognitive WM in
individuals, or whether such an effect could be modulated by their ability to regulate emo-
tions, as indicated by performance in affective WM span tasks. For example, researchers
may need to consider whether individuals with more bilingual experience can effectively
resist the interference of executive function stimulation and maintain more advantages in
WM performance. Questions like this merit empirical studies in future research.

Alternatively, as discussed in the previous section, an emotional or affective compo-
nent could be added to existing cognitive WM span tasks already in use in current WM-
SLA /bilingualism research [17]. We demonstrate in the following sections several new
affective WM span tasks that we developed (see also [18] for preliminary discussions). We
hope that the introduction of the following affective WM tasks can provide new methods
to assess AWM capability in future bilingualism/SLA research.

4.1. The Emotional Reading Span Task (ERST)

This section elaborates on the construction process of a WM span task which is called
the emotional reading span task (ERST). This task was modeled on the previous reading
span task [62], which has been widely cited in both psychology and language sciences. It
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has been argued as a reliable measure in measuring the cognitive WM capacity to store and
manipulate information in parallel [68]. The standard procedure of the RST was first to
read a series of unconnected sentences aloud. The learners had to remember the final word
of each sentence of the set at the same time. The end-of-sentence words in the originally
presented order at the end of a set represent the storage function. The number of sentences
in a set is incrementally increased. The total number of final words correctly recalled
represents the participant’s span. Different from “simple span” tasks, such as the digit
span and letter span, the reading span task measures both storage and executive functions
of WM.

The ERST distinguished itself from the EST in that the sentences for the learners to
read reflect eight types of basic emotions in human behaviors [126]. Some sample sentences
are listed in the Appendix A. In total, there are 80 sentences, ranging in length from around
10 to 17 words each. Each type of emotion includes 10 sentence stimuli or prompts. The
number of sentences in each set is increased. The sentence-final words to be remembered
by the participants are not repeated. The participants are required to remember all end-
of-sentence words in order. The item that the learners can recall correctly in the correct
order is awarded one point. Any incorrect item is awarded zero points. Instructions on the
task are shown on the computer screen. The task starts with practice trials to help learners
familiarize themselves with the task requirements. To avoid the influence of (L2) language
proficiency effects on WM, we developed two versions, a Chinese version (for Chinese
native speakers) and an English version (for English native speakers). The task can be
administered through the psychological program software of E-prime [127]. Currently, we
are also trying to put the ERST online so that researchers can have easier access for further
validation and research purposes.

4.2. The Emotional Operation Span Task (EOST)

In this new E-prime-based EOST, we added an emotional or affective component to the
traditional operation span task [128]. Such addition of emotional components represents the
theoretical conceptualization of WM as “controlled attention” in the face of distraction [129].
This task includes a total of 66 mathematical operations and 66 to-be-remembered Chinese
words. The different mathematical operations are organized into 15 sets of trials. Each trial
set includes a different number of operation-word strings, ranging from two to six. The
order of set length is randomized. Three series of two operation-word strings are used as
practice trials.

The procedure for EOST is as follows: First, the participants are presented with an
operation and then an emotionally manipulated word (e.g., positive, negative, or neutral)
strings, e.g., “(6/2) + 2 =5 (Y/N?) blood”(One reviewer suggested we place the emotional
word for recall at the beginning of the sentence instead of before the equation; we agree that
this is an interesting suggestion, but for now, perhaps it is too early to do that and it might
be better and safer to do the same as the cognitive paradigms first. That said, future research
can explore the differential impacts between their initial positions vs. final positions.). They
are required to read the operations aloud and decide whether the operations are correct
or not by pressing the “Y” (yes) or “N” (no) button and at the same time say “Dui” (“X}”;
correct) or “Cuo” (“%4”; wrong) aloud. A two-character Chinese emotional word then
appears immediately on the screen. The participant reads aloud the Chinese word and
then clicks the mouse for another operation-word string. After completing the required
operation-word strings in each set, the participant is asked to recall the Chinese words in
the original order. An MP3 recorder is used to record the recall.

The scoring procedure is based on the traditional operation span task [128]. A missing
item or an incorrect item is scored as zero points. One point is given for a word correctly
recalled in the correct order. A subject’s span is the total of the correctly recalled words. The
possible span scores range from 0 to 66. The accuracy rate on the mathematical operations,
based on Conway and Engle [128], is set at 85%. That said, the participant’s data is included
when the accuracy rate for the mathematical equations is below 85%.
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The following measures are taken to ensure the reliability and validity of this novel
emotional operation span task: (a) the 66 mathematical operations are controlled at a similar
difficulty level. One reason is that unequal arithmetic/mathematical ability may influence
their WM [128]. In addition, we include simple mathematical equations to avoid any
possible math anxiety that may occur [130]; (b) the EOST is administered on an individual
basis within 15 min, thus preventing subjects from manipulating idiosyncratic strategies
that may jeopardize the validity of the tests [131]; (c) the recall items, i.e., the words to
be remembered after math equations, should be emotionally manipulated as positive,
negative, or neutral [99], and none of these recall items are semantically associated with
each other; and (d) the instructions for the EOST are made clear [132].

4.3. The Emotional Symmetry Span Task (ESST)

The development of E-prime-based ESST is based on the traditional symmetry span
task [31]. The rationale for the symmetry span task is that when an individual has to process
a set of locations encompassed within a structure, the reflection or recall of the location in
more than one way reflects one’s spatial WM. Symmetry perception can be considered to
reflect human cognition. Perception of symmetrical and asymmetrical patterns has been
extensively investigated, suggesting that the detection of symmetry may facilitate early
visual processes, e.g., figure-ground segmentation, and later processes, e.g., recognition of
objects from novel viewpoints [133]. The purpose of developing ESST is to add the affective
component into the assessment of visual-spatial WM.

The feature of this task is to recall sequences of emotional pictures within a matrix
while performing a symmetry-judgment task. The learners are first required to do a
symmetry-judgment task, serving as a distractor task. The distractor task is a set of 8 x 8
matrices with some emotional pictures. It is presented for 650 ms. Participants then decide
whether the design is symmetrical about its vertical axis. About half of the patterns are
symmetrical. The learners are then directed to the storage-alone session, for which they are
exposed to sequences of emotional pictures appearing in a 4 x 4 grid. They need to click
the correct locations in the matrix based on the preceding displaying order. Set sizes range
from two to five symmetry—memory matrices per trial (for 15 trials total). The possible
span scores ranged from 0 to 60. The scoring procedure is the same as for the EOST and
ERST. Three series of two symmetry—emotional picture strings are used as practice trials.

5. Towards an Integrated Agenda for Cognitive and Affective WM in Language and
Bilingualism/SLA Research

Accumulating evidence from psychology and neuroscience has converged on the
conception of WM as a complex and dynamic memory system consisting of multiple
components and mechanisms [4,5]. An individual depends on the comprehension of and
interaction with the input from the environment to retain information about the immediate
past and to act on certain goals to complete some cognitive activities. So far, a whole array
of WM span tasks has been constructed in cognitive psychology and administered widely
to assess possible impacts of different facets of WM functions or mechanisms on human
cognitive activities such as first and second-language learning and processing [58,59].
Previously, cognitive WM tasks have been designed predominantly based on either verbal
or spatial information by manipulating the stimuli in conjunction with cognitive processes
tapped (storage-only simple span vs. storage-process dual processes), modality-oriented
(verbal vs. visual or spatial), and language presentation modes (L1 vs. L2), thus creating
some inherent limitations and caveats in interpreting or comparing results of these WM
span tasks. In this paper, we propose the incorporation of an emotional or affective
component into traditional cognitive WM span tasks (especially the three complex versions
of the emotional reading span, operation span, and symmetry span) as providing additional
and complementary insights into their potential impacts and effects of AWM. Emotion
itself is likely to have a fleeting effect on WM performance and cognition. Different types
of emotions (e.g., happiness vs. sadness) may have different impacts on WM capacity



Brain Sci. 2022, 12, 729

11 of 16

Appendix A

(e.g., [107]), which may, in turn, lead to different performance levels of language learning
and processing. For example, negative emotion appears to have an impairing effect on WM.
In contrast, positive emotion and motivation may enhance WM performance. All these
tentative assumptions, however, still need to be confirmed with more empirical studies
conducted in the bilingualism /SLA field.

Affective WM has recently been suggested as being related to learning a second or
foreign language [17]. It is an emotional system responsible for integrating the different
components of second or foreign language learning. Navigation between two languages
requires us to hold some linguistic information in mind while, at the same time, manip-
ulating another language. Such a process mirrors the manipulate/maintain definition of
WM. Still, we face many unanswered questions. One question is how we should con-
ceptualize and measure affective WM, and we have provided tentative solutions to this
question (in Sections 3 and 4). In the future, we need to study the role of affective WM in
increasing our success in second-language acquisition, including its different effects on
monolingual versus bilingual groups. Other questions include whether stronger affective
WM ability improves the chances of becoming bilingual or whether learning a second
or foreign language improves one’s affective aspects of WM performance. Finally, we
need to learn whether the emotional effect may be chronic and whether we can assign a
medium degree of malleability due to the effort needed to become bilinguals. To conclude,
the potential influence of bilingual education is more profound and far-reaching, and the
benefits of bilingual experience on capacities of both cognitive and emotional WM should
be investigated and discussed in future language science and bilingualism /SLA research.
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Table A1l. Example prompts for each type of emotion (Emotional Reading Span Task).

Types of Emotions

Example Prompts for Each Type of Emotion

1. Ifeel pleased because my mom praised me just now. FEBNINIFEZ T, FEE%-

Joy 2. Itisa good day with warm sunshine. 4 KK EIEHF, BERHFIM .
Sadness 1. 1Ifeel upset because my mom criticized me just now. FININIHLIF T, FARMEL -

2. Itwas arainy day when he left me. fEHERAIR, REFPEEN -
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Table Al. Cont.

Types of Emotions Example Prompts for Each Type of Emotion

1.  Ifeel so surprised because my mom praised me just now, which she had never done

so before. FWBAINIFK T, BARNE, Byt LT AR TS 3K -

Surprise 2. Itturned out to be a good sunny day instead of a rainy day by the forecast. BfR K<
HiF, BRPAANM, HARKSIRUA FHK -
Trust 1. We tell each other everything. Ffi 1 [B]TC1E AU -
rus 2. Out of trust, he let her manage all the money. HT{FE, fbilkihEEITE IR -

1. 1Ifeel angry because my mom criticized me for no reason just now. FIGTCE T
Anger TR, BARES
2. Helooks so angry that he may kill her. B ERRES, HEATIHE TR -

. 1. A worm is crawling in my dish. BHH 5 HEE.
Disgust 2. My friend put a spider in my quilt. &8 — RBIEERTHFE -

1. Ifeel pleased because my mom may praise me later. F/BEE|= >4, FAEEES)LAT

Anticipati REx R -
nticipation 2. Tomorrow is expected to be a good day with warm sunshine. TilitBIR £ 2 BHE AT
#FH T -
Fear 1. Ibroke my mom’s vase, and I was scared. FATHE T FIGHIAEH, REM-

N

Living in this haunted house was full of fear. f7EiX ™ 5 #5575 1 2R
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