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This project created the Situation Specific Arousal Analyzer (SSAA)
application for the on-off task physiological measurement and tracking of autonomic nervous system
arousal. The application can be used on either the 0S X or Windows platform and primarily focuses on

the calculation of heart rate (HR), heart rate variability (HRV) (time-domain methods,
frequency-domain methods, non-linear domain methods), and electrodermal activity (EDA). The
interface can be tailored to meet a range of experimental conditions focused on either the micro
analysis of arousal in time specific segments during an L2 speaking activity, or relative to longer
macro periods of analysis such as across an entire classroom period. For the HRV time-domain, the
beat-to-beat interval (NNMean) can be calculated up to once per 0.015625 (1/64) second while for the
EDAMean it is possible to capture data once per 0.25 (1/4) second. The SSAA generates and exports
these results as tabulated CSV files and visualizations.
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Recent shifts toward the greater inclusion of educational psychology within the remit
of foreign language education and a rapid uptake in interest in positive psychology
(Wang et al. 2021) have produced several studies examining the affective role of
emotions (Botes et al. 2020; Chen et al. 2021; Dewaele and Li 2020; Dewaele and
Pavelescu 2019). However, emotion research is partially constrained by the inherent
imprecision of subjective descriptions of emotional experience. Methodological
limitations have reinforced a perception that emotions are “ poorly studied and poorly
understood” (Swain 2013, p. 195). This reflects a wider trend in foreign language
education research to emphasize the experiential component of emotion while neglecting
the behavioural and, to a much greater extent, the physiological components. In over-
emphasizing experiential self-report measures, foreign language education research has
avoided giving due consideration to emotion as a multifaceted process inclusive of
“ components such as appraisal of the situation, action preparation, physiological
responses, expressive behavior, and subjective feelings” (Scherer and Moors 2019, p.
721). Methodological innovation is required for the benefit of students, teachers, and

the integrity of future research output.

For several decades research attention within foreign language education has fixated
on the emotion of anxiety and its negative impact upon the language learner (Aida
1994; Dewaele et al. 2008; Gregersen and Horwitz 2002). As a response to
environmental stimuli, anxiety is a particularly important emotion beyond its role in
education due to its evolutionary function in survival and the avoidance of threat.
Its prominent evolutionary function is further reflected in the fact that anxiety
disorders now constitute a considerable worldwide burden having social and economic
consequence (Robinson et al. 2013). It is believed that “ conscious emotional
experience is closely bound to changes in bodily sensations. Indeed, if one accepts
the notion that consciousness is grounded in biological processes...emotional
experience must, by its nature, be physiological” (Pace-Schott et al. 2019, p. 267).
This project highlights advancements made in the health tracking provisions of
wearable wristbands with a focus on the Empatica E4, a “ medical-grade wearable
device that offers real-time physiological data acquisition, enabling researchers to
conduct in-depth analysis and visualization” (Empatica Inc. 2021). This project
demonstrates how foreign language education anxiety researchers can use the device to
objectively document autonomic nervous system arousal in real-time communication
situations using high-integrity metrics such as heart rate variability (HRV) and

electrodermal activity (EDA).



Horwitz et al. (1986) define anxiety within the foreign language classroom as “ a
distinct complex of self-perceptions, beliefs, feelings and behaviours related to
classroom learning arising from the uniqueness of the language learning process” (p.
128). This definition only concerns the experiential and behavioural components of
anxiety. Since this time and despite anxiety being “ characterized by feelings of
tension, worried thoughts and physical changes like increased blood pressure”
(American Psychological Association 2021), research into the physiological assessment
of anxiety within foreign language education has been almost entirely absent, an
omission made even more curious given that prominent foreign language educators have
described how anxiety “ is influenced by internal physiological processes”

(Maclnytre 2017, p. 28). With reference to the dominant methods used in service of
the Horwitz et al. (1986) definition of anxiety in the foreign language classroom,
while the behavioural component can be logged and studied by the researcher, the
reliability and validity of data obtained through experiential self-report measures
is dependent upon the subjectivities of the individual. Such methods do not consider
the conceptual distinction between actual lived sensory experience and post-activity
semantic recall (Robinson and Clore 2002). The extent to which language learners have
sufficient awareness to link momentary changes in psychophysiology to external
stimuli and accurately communicate these dynamics post-activity through generic self-
report measures, all while managing the demands of communication in a foreign
language, is questionable. Harmon-Jones et al. (2016) confirm such concerns in

asserting that it is inappropriate “ to assume that a null effect on a self-report
measure means that emotional processes were not involved in the psychological
phenomena of interest. That is, the (often poor) measurement of emotion should not be

conflated with emotion itself” (p. 2).

Self-report measures can be considered problematic for a variety of reasons. In the
context of communication between health professionals and non-proficient English
speakers, Hunt and Bhopal (2004) detail how latent variables and constructs are not
often shared across languages or cultures and that translation into other languages
is problematic as words and concepts may be represented differently. Lim (2016)
documents how emotions are influenced by the environment with clear differentiates in
valence, arousal and preference across cultural boundaries. The author outlines how

in “ individualist culture, high arousal emotions are valued and promoted more than

low arousal emotions” whereas in contrast within “ collectivist culture, low arousal
emotions are valued more than high arousal emotions” (p. 105). Cultural

differentiations also exist in the avoidance of conflict and adherence to prescribed
social roles and expectations which may give rise to the kind of social desirability

bias identified in self-reports of negative emotional states (Paulhus and Reid 1991).



Anxiety is an ideal emotion for physiological measurement, especially as state
anxiety can be experimentally induced giving the researcher a greater level of
control. Moreover, physiological data would appear to provide a more reliable
foundation for the attribution of cause and effect relations as it is “ difficult for
individuals to mask or control, which creates the possibility of more objectively
gauging individuals’ arousal” (Roos et al. 2021, p. 583). In a meta-analysis of
previous works using physiological measures of state specific test anxiety, the same
author concludes that “ physiological measures can provide objective information
about test anxiety, particularly about the physiological component of test anxiety
which is difficult to capture through self-reports” (p. 611). The necessity to
accurately assess state specific anxiety is wide ranging (cf. Conley and Lehman 2012)
and correlations have been drawn with important learning outcomes such as educational

achievement (cf. Putwain 2008).

Two of the most prominent metrics used in the physiological assessment of anxiety are
heart rate variability (HRV) and electrodermal activity (EDA) (Blom et al. 2010;
Croft et al. 2004; Nikolic et al. 2018; Sebastiao 2020). As a reliable
psychophysiological marker of health and well-being, HRV reflects an unobtrusive
measure relating to the modulation of heart rate under instruction of the autonomic
nervous system. HRV represents the the variance in duration between heart beats or
fluctuations in heart beat over a period of time measured in milliseconds. Reduced
resting-state HRV has been linked to depression, alcoholism, and pathological worry
(Kemp et al. 2010; Quintana et al. 2013; Tully et al. 2013) while it has been
reported that sufferers of anxiety are often characterized by a reduced HRV in
comparison to non-anxiety sufferers (Chalmers et al. 2014). In contrast to HRV, EDA
detects autonomic changes in the electrical properties of skin which allows
researchers to remove the parasympathetic contamination found within the use of heart
rate monitors (Braithwaite et al. 2013). As a correlate of sympathetic nervous system
activity, EDA concerns the volume of sweat produced by eccrine sweat glands. It is
believed that the greater the volume of sweat present, the more electrical
conductivity can be measured (Figner and Murphy 2011). EDA has been used as a metric
within studies of mathematics anxiety (Pizzie and Kraemer 2021) and as a predictor of
public speaking anxiety (Egloff et al. 2006; Lee 2020; Sevinc 2018).

State specific anxiety is dynamic rather than static and momentary fluctuations in
arousal can be expected even within the context of exposure to specific stimuli.
Given that state anxiety corresponds to a specific stimulus, it is incumbent upon
researchers to establish a clear start and end to accurately connect the stimulus to
the response and avoid the misattribution of emotions to uncontrolled factors.
However, within foreign language education research fixed durations including

fluctuations across the timespan have not been documented due to methodological



limitations and challenges in data processing. Recent advances in wearable health
tracking devices have now created new opportunities for improvements to be made in
terms of methodology and assessment. As one such device, the Empatica E4 wristband

uses four censors which allow data to be “ unobtrusively and continuously acquired
while participants are performing the cognitive task’ (Shackman et al. 2006, p. 42).
Within the Empatica eco-system data from the E4 wristband can be captured in real-
time and uploaded to the E4 Connect repository where the data files can then be
downloaded into specialized software for further analysis. For non-clinical
researchers knowing how to process this data and how such data can then support the

study of emotions in the classroom is challenging.

Informed by the challenges outlined, this project created the Situation Specific
Arousal Analyzer (SSAA) application for the on-off task physiological measurement and
tracking of autonomic nervous system arousal. The SSAA application can be used on
either the 0S X or Windows platform and primarily focuses on the calculation of heart
rate (HR), heart rate variability (HRV) (time-domain methods, frequency-domain
methods, non-linear domain methods), and electrodermal activity (EDA). The user
friendly interface can be tailored to meet a range of experimental conditions focused
on either the micro analysis of arousal in time specific segments such as every few
seconds during an L2 spoken presentation, or relative to longer macro periods of
analysis such as across an entire classroom period. For the HRV time-domain, the
beat-to-beat interval (NNMean) can be calculated up to once per 0.015625 (1/64)
second while for the EDAMean it is possible to capture data once per 0.25 (1/4)
second. The SSAA generates and exports these results as tabulated CSV files and
visualizations. The SSAA application also produces data outputs and visualizations
for the HRV frequency-domain (low frequency (LF), high frequency (HF), and the ratio
of LF and HF (LF/HF)) and for the HRV non-linear domain (SD1 and SD2 Poincaré Plots)
although these outputs are not anticipated to be as useful within the context of
foreign language education due to their complexity. The tabulated data for each
student can then be plotted into more accessible line charts for the basis of
analyzing the physiological flow of changes in arousal relative to each metric within
and between students. The data quantification undertaken by the SSAA represents a
significant innovation in accessible research methodology applicable to the study of
foreign language education anxiety. The data generated through the SSAA permits
correlations and affective relationships to be analyzed with other variables such as
language acquisition and achievement and motivation. More importantly, the SSAA
application provides greater access to a much-needed physiological component in the
study of state specific anxiety and an overdue partner to the experiential self-

report measures currently used.
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