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Abstract

High stress predicts mood and anxiety disorders and can necessitate clinical in-
tervention (Steffen et al., 2014). Language learners often experience high stress
during intensive study abroad (SA) programs (Dewey et al., 2018), which can
hinder communication (Buttaro, 2004; Peck, 1974). Acculturative stress is com-
mon among second language (L2) speakers and can coincide with stress related
to the inability to communicate one’s thoughts and ideas (Savicki, 2010), further
complicating communication. Therefore, reducing stress in immersive settings
can be crucial due to the link between stress, L2 use, and psychological well-
being (Dewaele & Dewaele, 2021). We report an exploratory investigation of
the relationship between heart rate variability — a physiological measure of ad-
aptation and positive functioning in stressful conditions — and personality and
how these relate to the linguistic development of 21 students studying L2 Arabic
intensively for 13 weeks, including heart rate variability (HRV), personality as-
sessments, and language proficiency. This research demonstrates a key link: Per-
sonality traits predicted HRV, and HRV predicted Arabic language acquisition
and its progression during SA. These findings highlight the potential of using
HRV data, alongside other metrics, to improve L2 learners’ SA experience by
addressing the influence of anxiety and emotions.

Keywords: heart rate variability; personality; second language proficiency; anx-
iety; conscientiousness

1. Introduction

Maclntyre (2017) characterized anxiety as “the most widely studied emotion in sec-
ond language acquisition (SLA), perhaps because it is both an intense and a frequent
experience” (p. 11). In the context of SLA, anxiety generally refers to “the feeling of
tension and apprehension specifically associated with second language contexts,
including speaking, listening, and learning” (Macintyre & Gardner, 1994, p. 284).
The majority of research on SLA and anxiety has involved classroom learning, but
learners can experience significant anxiety outside of the classroom as well. For ex-
ample, Dewey et al. (2018) found that some learners participating in an intensive
Arabic study abroad (SA) program in Amman, Jordan, experienced anxiety at a level
comparable to someone who had recently been through a divorce.

A large percentage of anxiety-related research has involved survey data,
perhaps both for practical and empirical reasons: Surveys are cost-effective and
easy to administer, and those typically used in SLA studies have been well vali-
dated and widely used. However, there are other ways of measuring anxiety,
including the use of physiological measures, such as increased blood pressure,
heart rate, breathing rate, and galvanic skin response, among others (Irving et
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al., 2009). Such physiological measures have been less practical than surveys in
the past due to cost, inaccessibility and lack of training. However, the invention
of simple electronic devices, such as fitness bands and small portable blood
pressure cuffs, is making such measures more practical.

While anxiety can be a clinical state and is used to refer to that state in the
literature on psychopathology, it is also typically viewed as an anticipatory
stressor or a worry about an event that has occurred, is occurring, or might oc-
cur (Anisman, 2015). SLA anxiety-related research tends to focus on this latter
type of anxiety. In the current study, we use heart rate (HR) and heart rate vari-
ability (HRV) as indicators of such anxiety, and we combine these measures with
survey data, weekly reports and interviews.

HRV, the variation in time between heartbeats, is a measure of adaptive reg-
ulation, which impacts how well the body handles stress. Given that relatively inex-
pensive technologies such as the Apple Watch are able to measure HRV, language
learners can now monitor if their ability to learn is compromised due to stress or
other factors (Hernando et al., 2018). This study examines HRV, personality and lin-
guistic performance, and their ability to predict oral proficiency gains during SA.

2. Literature review
2.1. HR and HRV as predictors of second language (L2) acquisition

In studies related to second language acquisition, physiological measures such as
HR, HRV and blood pressure have been used to examine connections between
these physiological measures. Fox (2017) included HRV among multiple predictor
variables and found that HRV did not prove to be a significant predictor, but
“changes in heart rate and skin conductance levels influenced performance on the
paired-associates vocabulary-learning task” (p. ii). Shachter et al. (2022) had stu-
dents engage in classroom speaking practice tasks while wearing HR monitors and
later self-report their stress levels. They found that “elevated self-reported state
feelings of distress and embarrassment were found to be significantly positively
related with elevated HR response” (p. 1). Their interest, however, was more in
how affective states unfold rather than in linguistic development, so they did not
connect affect with linguistic performance or development. In another SLA-re-
lated study, Hardacre et al. (2021) studied the effects of anxiety on teacher cre-
dential candidates and found that factors such as having been born outside of
the country and length of time living in the country were predictors of stress
levels measured by HR, etc. Linguistic abilities in the language these teachers
were being tested in were likely a contributor to these participants’ anxiety.
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Outside the SLA field, HR-related measures have been used to study exam-
related stress. For example, Kumar et al. (2013) studied medical students, taking
HRV measures during a college cultural week (baseline), at the time of a viva voce
examination, and during a professional examination. They found that *. . . almost
all HRV features measuring heart rate complexity were decreased in the stress
period results indicating a decline in HRV during stress” (p. 83). In short, HRV
changes were indicative of exam-related stress levels. Evidence from HR and HRV
measures of stress iscommon in research on test anxiety (Lucini et al., 2002).

HRV and HR have been used to examine cognitive load as well. In two do-
mains where errors have severe consequences, medicine and air flight, HR and
HRV have been used to predict errors, mental fatigue, and clinical reasoning. For
example, Lamsé et al. (2023) found that HRV could predict pilots’ performance
during virtual flight (with low HRV correlated with poor performance). Similarly,
Solhjoo et al. (2019) found that HR and HRV were predictors of the accuracy of
clinical judgments and self-reported cognitive load for medical practitioners.
Mental fatigue, a factor that can come from long hours practicing medicine,
comes with time on task and can be predicted using HRV (Melo et al., 2017).
Finally, in research focused on nurses, Goodyke et al. (2022) found that social
support is associated with HRV (the more social support, the greater HRV).

In their study of stress, anxiety, and SLA during SA in the Middle East, Dewey
etal. (2018) operationalized stress using cortisol level sampling. Cortisol, ahormone
released by the adrenal glands that increases in response to stress, helps the body
manage energy and maintain homeostasis, but prolonged high levels of cortisol due
to chronic stress can lead to negative effects, such as weakened immune function,
impaired cognitive performance, and increased risk of health issues such as hyper-
tension and anxiety. High levels of cortisol are also associated with diabetes melli-
tus, depression, osteoporosis and chronic obstructive pulmonary disease (Schoor-
lemmer et al., 2009). Given the negative effects of this level of stress on one’s health
and cognitive performance, better understanding and hopefully assisting students
to deal with the anxiety arising from language learning could be key to their thriving,
as has proven to be the case in other settings. Cortisol levels are typically signifi-
cantly correlated with HR and HRV when stress levels are high (Looser et al., 2010).
Given that HR and HRV data can be measured on-the-spot without complex sam-
pling and lab testing, this data is much more practical than cortisol level assessment.

2.2. Study abroad, anxiety and personality
SA literature regularly addresses the need to focus on the learner as a whole

and not just on language learning (see Allen & Herron, 2003; Jackson, 2011,
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Kinginger, 2008, 2009, for examples). Helping learners deal with the psycholog-
ical challenges of living and learning abroad through pre-departure preparation
is a major theme in this literature, as is provision of in-country support. Through
such pre-departure preparation and in-country support, learners are able to bet-
ter cope with challenges such as ebbs and flows of motivation, self-regulation
and time-management issues, and stress and anxiety resulting from intensive
language instruction and daily immersion in their L2.

Research on SA and anxiety is not scarce, yet there remains a need for more
comprehensive exploration. In the existing scholarship, there are studies connect-
ing anxiety levels with acculturation (e.g., Savicki, 2010) and others examining
stress management and psychological well-being (e.g., Armstead, 2017). One in-
fluential study by Allen and Herron (2003) employed a mixed-methods approach
to analyze anxiety patterns in 25 learners of French during a 6-week program in
Paris. To assess different dimensions of language learning anxiety, the researchers
used three instruments: the Foreign Language Classroom Anxiety Survey (FLCAS)
to evaluate anxiety within the classroom setting (Horwitz et al., 1986), the French
Use Anxiety Scale to measure anxiety during communicative interactions outside
the classroom (Tremblay & Gardner, 1995), and a custom State Anxiety Question-
naire designed to gauge learners’ anxiety levels during the language assessments
conducted as part of the study. This quantitative data was complemented with
open-ended surveys and post-SA interviews, providing insights into the sources
and manifestations of anxiety. The study found a reduction in anxiety across all
measures as the SA period progressed. Early insecurities about language compe-
tence and cultural unfamiliarity gradually gave way to greater confidence and
calm, a shift attributed to the students’ success in everyday interactions involving
“goods and services, wants and needs, and communication with native speakers”
(Allen & Herron, 2003, p. 378). These achievements likely contributed to the ob-
served decrease in anxiety as students adapted to daily life abroad.

The pattern of declining anxiety over the duration of SA found by Allen
and Herron (2003) was supported by subsequent studies. Hessel (2016), for in-
stance, observed that anxiety related to using English decreased significantly
over the first three months for 143 German students in the UK. Employing a set
of new items to measure anxiety in out-of-class interactions with native and
non-native English speakers, the study provided further evidence of anxiety re-
duction over time. Focusing on a different group of learners and taking a cross-
sectional, post-SA approach, Thompson and Lee (2014) found that Korean learn-
ers of English with extended time abroad (a year or more) reported lower FLCAS
scores compared to those with limited SA experience. Their findings suggest
that while initial time abroad may heighten anxiety, longer stays tend to reduce
it, mirroring Macintyre and Gardner’s (1994) observation that anxiety decreases
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with prolonged exposure abroad. Roitblat et al. (2017) also noted that anxiety
tends to peak in the initial weeks of SA, indicating that this early period may be
particularly challenging for students.

In exploring the link between anxiety and L2 proficiency, research has
shown anxiety can be used both as a predictor of L2 proficiency gains over SA and
as a variable to be predicted by L2 proficiency. For example, Hessel (2016) found
that anxiety, along with other variables, could help predict L2 proficiency improve-
ments among German learners. Conversely, Alhammad (2017) noted that English
proficiency was a strong predictor of classroom anxiety levels among Saudi stu-
dents learning English in Ireland. This ongoing question of causation — whether
anxiety influences L2 proficiency or vice versa — remains unresolved in both SLA
and SA research (Maclntyre, 2017), particularly given the mix of language expo-
sure during SA, where acquisition occurs both in and outside the classroom.

Personality is a key variable associated with individual differences in SLA. Chen
et al. (2022), in a large meta-analysis of studies, found that the factors of conscien-
tiousness, extraversion, agreeableness, and openness were positively associated with
L2 learning achievement, whereas neuroticism had a non-significant negative corre-
lation. Personality traits have been shown to correlate significantly with perceived L2
proficiency gains during SA (Arvidsson et al., 2018; Ozariska-Ponikwia & Dewaele, 2012)
but did not prove to be a significant predictor in Baker-Smemoe et al’s (2014) regres-
sion model involving oral proficiency test scores. They did, however, prove to corre-
late significantly with Iranian students’ International English Language System (IELTS)
scores and overseas academic success (Erfani & Mardan, 2017). Specifically, they found
large positive correlations between language proficiency and conscientiousness, ex-
traversion, agreeableness, and openness, and a large negative correlation between
language proficiency and neuroticism. Anxiety is a key factor in neuroticism, and peo-
ple who score higher on the personality trait of neuroticism are more likely to experi-
ence anxiety across many aspects of life, including L2 learning.

Personality has been linked with HR variables as well. Several studies have
found that neuroticism is related to negative health outcomes and conscientious-
ness is related to positive health outcomes (Bibbey et al., 2013; Bogg & Roberts,
2013; Brouwer et al., 2014). Furthermore, neuroticism can predispose a person
to higher state-related anxiety, which can in turn hinder academic performance
(Shinetal., 2023). Extraverted learners may be less susceptible to language learn-
ing anxiety in communicative contexts due to greater sociability and risk-taking
tendencies (Liu, 2012), and it is possible that high conscientiousness might buffer
anxiety through better preparation and organization, leading to increased confi-
dence (Chen et al., 2022). It is important to note that personality is not static but
does change over time in response to significant life events, interventions, and
consistent effort and focus (Hudson et al., 2019; Roberts et al., 2017). Emphasizing
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positive personality traits, and reducing neuroticism and anxiety, can have posi-
tive effects on both learning and personality development in student learners.

Inshort, because personality may both moderate and mediate anxiety levels
(Dewaele & Maclintyre, 2019), we assess it as part of this study. In fact, Dewaele
and Maclntyre (2019) argue that personality plays a key foundational role in each
person’s unique way of approaching language learning as well as in how they learn
in general. Understanding that there are significant individual differences in how
people learn a new language has the potential to improve how we approach lan-
guage teaching and learning. Given that personality is linked to both learning and
heart rate variables, it potentially represents a way to integrate studies of the
whole person in the context of second language acquisition. We hope that under-
standing these moderating and mediating effects will help practitioners under-
stand the needs of various personality types in terms of anxiety moderation. This
study builds on prior work by utilizing HRV as a proxy for wellness and stress and
employing an established personality inventory (Costa Jr. & McCrae, 2000), inves-
tigating their relationship with gains in oral proficiency during SA. Unlike prior stud-
ies that focus on shorter periods, this study examines anxiety across a 13-week SA
experience, providing a more temporally extensive view of the effect of wellness
and personality traits. It builds on past work using physiological indicators, such as
Dewey et al. (2018) and Gregersen et al. (2014). The former used hair cortisol sam-
ples taken at the beginning and end of study abroad to examine stress over the
course of a semester in the Middle East, and the latter used heart rate monitors
while giving a video presentation in a Spanish as a foreign language class.

3. The study
3.1. Aims and research questions

This study aims to inform theory, research, and practice related to wellness during
SA, in relation to personality traits and oral proficiency gains. In this study, wellness
is conceptualized as the inverse of chronic stress and anxiety, a state of physiological
and psychological regulation and balance. We operationalize wellness using heart rate
variability, a widely used physiological marker associated with adaptive stress regu-
lation and emotional well-being. The research questions guiding our study are:

1. How are HRV and personality traits, as measured by the IPIP-NEO-120
questionnaire (discussed below), related to each other during SA?

2. Does HRV change significantly over the course of SA?

3. Does initial L2 proficiency correlate significantly with HRV?
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4. Does initial L2 proficiency correlate significantly with neuroticism and is
this suggestive of greater likelihood of experiencing anxiety during SA?

5. Do anxiety-related personality measures predict language gains over the
course of SA?

3.2. Participants and the SA program

Participants were L2 learners of Arabic (8 females, 13 males, ages 20-28) enrolled inan
intensive, semester-long SA program in Amman, Jordan, all from a large private uni-
versity in the United States where the emphasis prior to SA was to use Levantine for
speaking and formal Arabic for reading and writing. All were native speakers of English.
One was born in Sudan and exposed to Arabic at home, but this student’s English was
indistinguishable from the others and her speaking ability in Arabic was on par with
other students at the beginning and end of the SA. Apart from one student who learned
Arabic during military service, all of the students completed four rigorous semesters of
Arabic instruction (50 minutes per day, 5 days per week) prior to leaving for Jordan and
were required to pass with at least a B- in the third- and fourth-semester classes to be
accepted into the program. One student arrived in Jordan in early May for an intern-
ship and benefitted from regular coaching from an experienced Arabic teacher; ac-
cordingly, this student scored advanced low at the outset of the SA program and ad-
vanced high at the end on the American Council on the Teaching of Foreign Languages
(ACTFL) Oral Proficiency Interview (OPI) (see http://www.languagetesting.com for de-
tails on the interview and scoring). The average score at the start was intermediate
mid, roughly equivalent to A2/B1 according to the descriptors in the Common Euro-
pean Framework of Reference for Languages (Council of Europe, 2001).

The study abroad program was directed by a faculty member from the home
institution and followed a structured weekday schedule. Each day included a two-
hour content class in Arabic, focused on discussing key societal issues in Jordan. This
was followed by a 75-minute language course centered on vocabulary and structures
from current Arabic news, which students were expected to read and listen to inde-
pendently for about two hours daily. The course occasionally featured guest speakers.
Classroom discussions and lectures blended vernacular Arabic with a more formal
register. Throughout the week, the program director and two teaching assistants,
also from the home university, provided ongoing support in language acquisition and
cultural adaptation, both during and outside of class. Students also participated in
a weekly 20-minute group reflection session to discuss cross-cultural and language
learning challenges, sharing strategies for understanding and coping with these
challenges among themselves and with instructional staff in English. Students were
required to engage in two hours of daily Arabic conversation with native speakers.
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This was partly met through daily 30-minute sessions with trained Arab tutors, typ-
ically in a more informal register. Each week, students also completed three 15-mi-
nute oral presentations and two 15-minute composition review meetings with na-
tive tutors. Nineteen participants lived in apartments near the institute with other
program members. Two were married to each other and shared an apartment,
while two others lived with spouses who spoke little or no Arabic.

The anxiety that these students experienced stemmed from various causes.
They chose to study Arabic aware, to at least some degree, of the considerable cross-
cultural differences they would encounter as well as the significant linguistic differ-
ences between Arabic and English. Many were drawn to Arabic because it presented
a challenge. Most of the participants were experienced second language learners and
many had already lived outside the United States for an extended period of time. Some
were required to participate in this SA program in Jordan as part of their Middle East
Studies major and had come to see that language learning was not their strong suit, at
least not at the start of the program. Such learners are prone to compare their progress
to faster, more experienced learners and often become discouraged. Competition be-
tween peers is another significant source of stress. Female participants embarked also
knowing they would likely encounter unwelcome attention from Arab men.

Positively, the students in this research benefited from 25 years of experi-
mentation and program improvement. Students are drawn to this SA program for
its reputation as a truly intensive experience that helps them acquire considerable
facility in speaking and reading Arabic. External program evaluators regularly report
that students are generally at ease despite working hard to meet program require-
ments. Students were encouraged to recognize and deal with anxiety during pre-de-
parture orientations, and this coaching continued in Jordan, in class and in weekly
interviews. The female teaching assistant facilitated a women’s group that met peri-
odically to address concerns of women who had experienced or were concerned
about experiencing sexual harassment. Every day students were given time in class
to respond to the following prompts: “What went well for you yesterday? (listing
several things is fine)” and “Why did this go well for you? (think specifically about
actions you've taken, but feel free to mention other things as well).” In other
words, a variety of interventions were in place to help students cope with various
stressors and work through the challenges of SA in Jordan.

3.3. Data collection
To determine how HR varied, personality, and language development were re-

lated, how they changed during SA, and how students experienced stress while
abroad in Jordan, we gathered data on each as described below.
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3.3.1. Instruments

Arabic proficiency was measured using the ACTFL OPI. This is an oral interview con-
ducted by a certified rater (www.languagetesting.com) with ratings of novice, in-
termediate, advanced or superior, and sub-levels of high, mid and low. Students
were interviewed face to face by testers during their first and last weeks in Jordan.
This study also took into consideration an additional and more comprehensive
measure of students’ Arabic coming into the SA program, namely, their fourth-se-
mester final exam scores, which covered reading, writing, speaking, and grammar.

As a proxy measurement for wellness and stress, heart rate variability data
were collected in the second and penultimate weeks of the program using the Bi-
oTrace+ Mind Media system, a respiration belt and pulse oximeter connected to
a clinical-grade Nexus biofeedback device. Prior to each session, participants com-
pleted a brief guided meditation to establish a baseline. Ten minutes of HRV data
were recorded while participants sat quietly and breathed normally.

As for personality measurement, the IPIP-NEO-120, a validated measure of the
Five-Factor Model of Personality (Goldberg et al., 2006), was administered mid-se-
mester in English. This instrument measures the following factors, with subscales/fac-
ets in parentheses: openness (intellectance, novel experience seeking, and nontradi-
tionalism), conscientiousness (self-discipline, dutifulness, deliberation, achievement
striving, and order), extraversion (positive temperament, sociability, ascendance, ven-
turesomeness, and frankness), agreeableness (empathy, trust, straightforwardness,
and modesty), and neuroticism (anxiety, depression, anger proneness, somatic com-
plaints, and envy). It is publicly available, along with full information on its validity
and reliability through the IPIP website (https://ipip.ori.org/). Each trait is assessed
through multiple items and associated subscales.

This study employed a qualitative, semi-structured interview methodology
rooted in interpretive paradigms of inquiry, aiming to explore students’ psychologi-
cal well-being and coping strategies during their study abroad experience in Jordan.
The interviews were not originally designed for research purposes but were later
repurposed for thematic analysis, offering rich, contextual insights into learner
stress and motivation. The interview process followed a progressive engagement
model, wherein the interviewer — a local scholar and language educator external to
the program — first established rapport through classroom observations and partici-
pation in sociocultural activities. This immersion facilitated trust-building and contex-
tual familiarity, enhancing the depth and authenticity of subsequent interviews.

Two rounds of interviews were conducted with the participants, each last-
ing approximately 20-25 minutes, the first round after participants’ initial six
weeks in Jordan, the second after ten weeks. The interviews were conducted in
English, to put the students at ease and given that the interviewer’s English was

866



Heart rate variability and personality traits as predictors of Arabic language proficiency and gains. . .

much better than the students’ Arabic. Interviews were structured around two
thematic domains: (1) interaction with locals and sociocultural adaptation (first
round) and (2) stress management and motivational strategies (second round)
Each round was guided by a set of open-ended questions designed to elicit nar-
rative responses, with flexibility for follow-up probing (see Appendix). This approach
aligns with semi-structured interviewing techniques that allow for both consistency
across participants and responsiveness to individual experiences (Rubin & Rubin,
2011). The interviewer’s role was both facilitative and observational, fostering an en-
vironment in which participants could articulate their experiences openly.

3.4. Data analysis

Quantitative data were analyzed using both descriptive and inferential statistical
methods. Descriptive statistics, including means and standard deviations, were
computed for all primary variables of interest (e.g., personality trait scores, heart
rate, HRV measures, and language proficiency scores). The data met assumptions
of normality. To assess relationships between variables, we used Pearson’s r cor-
relation coefficients. Correlation analyses were conducted to explore three key
areas: (a) the relationships between personality traits and heart rate data, includ-
ing subscale-level analyses for neuroticism and conscientiousness; (b) associa-
tions between stress and L2 proficiency (as measured by pre- and post-program
OPI scores and exam scores); and (c) physiological measures of parasympathetic
regulation, specifically RMSSD (root mean square of successive differences, a
reflection of parasympathetic/vagal activity) and HF-HRV (high frequency heart
rate variability, also an indicator of parasympathetic/vagal activity). Effect sizes
were interpreted according to Plonsky and Oswald’s (2014) guidelines for SLA
research: r = .25 (small), .40 (medium), and .60 (large).

Interviews were analyzed using thematic analysis, following Braun and Clarke’s
(2006) six-phase framework: familiarization with the data, generation of initial
codes, searching for themes, reviewing themes, defining and naming themes, and
producing the report. One addition was the possibility of the interviewer follow-up
for elaboration or clarification after reviewing his notes. This method of thematic
analysis enabled the identification of recurring patterns while preserving the nu-
ances of individual responses. To enhance the trustworthiness of the analysis, initial
categories were reviewed, refined, and reduced by a second coder. These refined
categories were subsequently cross-validated by an additional researcher, contrib-
uting to the credibility and confirmability of these findings.

The interview data were triangulated with classroom observations and in-
formal group discussions, enhancing the credibility and contextual richness of the
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findings. While not originally designed as a formal research instrument, the inter-
views yielded valuable qualitative data that illuminate the interplay between per-
sonality, stress, and language development in immersive learning environments.

4. Findings
4.1. Personality-related results

There were several significant correlations between the various personality-re-
lated measures and heart rate, two with large and three with medium effect
sizes (see Table 1). There was a strong significant positive correlation between
those higher on neuroticism and higher heart rate (r =.62, p <.01). Neuroticism
consists of six subscales, with anxiety and vulnerability subscales typically show-
ing the strongest relationships with health. We found that the anxiety subscale
positively correlated with heart rate (r = .45, p =.05) and so did the vulnerability
subscale (r = .64, p <.01). Conscientiousness also demonstrated a strong rela-
tionship with heart rate; in this case the relationship was negative, with higher
conscientiousness related to lower heart rate (r = -.54, p < .05). Conscientious-
ness has six subscales; the self-efficacy subscale showed the strongest relation-
ship with heart rate (r =-.48, p <.05).

Table 1 Correlations between personality traits and heart rate

Personality trait Subscale r p Effectsize
Neuroticism Total score .62 <.01 Large
Neuroticism Anxiety .45 =.05 Medium
Neuroticism Vulnerability .64 <.01 Large
Conscientiousness Total score -.54 <.05 Medium
Conscientiousness Self-efficacy -.48 <.05 Medium

Note. All correlations represent Pearson’s r values. HR = heart rate. Effect sizes are based on Plonsky
& Oswald (2014)

4.2. L2 proficiency predictors

Proficiency-related measures yielded eight significant correlations with HRV or HR,
seven with medium effect sizes and one with a small effect size (see Table 2). Two
key measures of HRV are the RMSSD and high frequency HRV (HF-HRV), and both
are considered measures of parasympathetic functioning and the ability to be
calm and relaxed. Pre-OPI scores positively correlated with both RMSSD (r =
478, p <.05) and HF-HRV (r = .489, p <.05). Post-OPI scores were also positively
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related to RMSSD (r = .558, p =.01) and HF-HRV (r = .518, p <.05). Those who
improved most from pre- to post-OPI also showed positive changes in RMSSD (r
=.498, p <.05) and HF-HRV (r =.407, p =.053). For the pre-SA Arabic final exam,
those with higher HF-HRV had higher scores on their final exam (.36, p < .05)
and lower heart rate (-.44, p <.05), indicative of positive health outcomes.

Table 2 Correlations between L2 proficiency measures and HRV or heart rate

Variable HRV/Heart rate measure r p Effectsize
Pre OPI score RMSSD .48 <.05 Medium
Pre OPI score HF-HRV .49 <.05 Medium
Post OPI score RMSSD .56 =.01 Medium
Post OPI score HF-HRV .52 <.05 Medium
OPI score improvement RMSSD .50 <.05 Medium
OPI score improvement HF-HRV 41 =.053 Medium
Arabic final exam (Pre-SA) HF-HRV .36 <.05 Small

Arabic final exam (Pre-SA) Heart rate -.44 <.05 Medium

Note. RMSSD and HF-HRV are indicators of parasympathetic nervous system activity. HRV = heart rate
variability; HR = heart rate. Effect sizes are based on Plonsky & Oswald (2014)

4.3. Insights from interviews with participants

Thematic analysis of the 11 participant interviews carried out roughly halfway
through the program and again near the end revealed three key themes related
to stress, adaptation, and social integration during study abroad: (a) initial chal-
lenges and cultural transition; (b) coping and growth over time; and (c) gendered
experiences and navigational strategies.

4.3.1. Initial challenges and cultural transition

Participants’ experiences of the initial transition to life in Jordan varied. While
five students described the adjustment as relatively smooth, often attributing
this to prior contact with Arabic speakers or Muslims, others reported discom-
fort linked to language limitations and social anxiety. One student reflected: “My
Arabic just isn’t good enough to talk to people here. | don’t know the dialect.
That makes it hard to make friends.” Social anxiety and fears of cultural missteps
were mentioned by several others, often centered on public interactions or
classroom participation. All of the participants who reported being stressed
when interviewed at the start of their SA reported being less stressed by the
time of their second interview, approximately one month later.
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4.3.2. Coping and growth over time

By the time of the second interview, most participants described a reduction in
stress and a sense of progress. The only stressor mentioned at this time, two
weeks before the end of their time in Jordan, was the homework load. One stu-
dent who scored intermediate low at the start and initially reported feeling over-
whelmed daily said: “Yes, every day,” when asked about stress but in the second
interview emphasized how meaningful it was to experience breakthroughsin local
conversations: “| feel like I've accomplished about 70% of what | came here to do.”
Another participant emphasized the role of social connection: “Making friends out-
side the school and talking to them about cultural issues — that really helped me feel
like I belonged.” The same student had down-heartedly reported having no friends
outside of the program in the first interview. One interviewee said that he initially
“had discomfort when dealing with strangers” but added that by the time of the
second interview, it had become easy for him because he often accompanied a class-
mate who enjoyed talking with people. These narratives suggest that personal agency,
peer support, and successful communication were central to the development of
emotional resilience. These helped learners effectively deal with social anxiety, cul-
tural misunderstandings, and other such stressors.

4.3.3. Gendered experiences and navigational strategies

Issues of unwanted male attention emerged across interviews, especially among
female participants. All three female interviewees and three of the male inter-
viewees referred to instances of harassment or discomfort experienced by
women in the group. However, by the end of the program, these female partic-
ipants described having developed strategies to navigate these encounters. One
of them noted: “I avoid certain places and only talk with women and a few men
| trust.” These adaptations reflect both the emotional toll and the resilience in-
volved in navigating gendered cultural challenges abroad.

5. Discussion

This study contributes to ongoing efforts to understand how students experi-
ence and manage stress during study abroad, particularly in relation to language
learning outcomes. Prior research has shown that students face a range of psy-
chological challenges before, during, and after international programs (Armstead,
2017), and that these challenges can influence both well-being and intercultural
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adjustment. Stress management, including strategies to address negative affect,
feelings of threat, and cultural disorientation, has been proposed as an important
factor in facilitating successful adaptation (Savicki, 2010). Consistent with this
view, our findings suggest that students who demonstrate stronger coping strate-
gies may be better positioned to gain proficiency in Arabic before and during SA.
This aligns with Botes et al.’s (2020) meta-analysis, which identified affective fac-
tors, such as emotion regulation and resilience, as significant moderators of the
relationship between foreign language anxiety and achievement.

Regarding the first two research questions, while heart rate is often asso-
ciated with anxiety, the relationship is complex. First, elevated HR has often
been thought to be a sign of increased anxiety, and there is evidence that stressors
tend to increase HR for healthy, high-worry and clinically high-anxiety individuals
(Fisher & Neman, 2013). Other studies have shown that perceptions of heart rate
are more closely connected with anxiety than actual heart rate (e.g., Trotman et
al., 2019), and that social anxiety can lead to elevated heart rate (Rosler et al.,
2021). Our finding of a positive anxiety-HR correlation aligns with these previous
findings. The connection between social anxiety and elevated HR may be rele-
vant in our study because learners are required to interact with locals, and social
anxiety, whether related to general aversion to socializing or concern over not
being able to communicate in Arabic, may come into play, in addition to other
factors mentioned in the interviews. An elevated heart rate also correlated with
a lower score on the pre-SA final exam, suggesting that less linguistically pre-
pared students may have already been dealing with some degree of debilitating
anxiety before the SA experience.

Vulnerability can be connected to HR in multiple ways. Feeling vulnerable
can trigger a heightened state of alertness, increasing HR and reducing HRV as
the body prepares for perceived threats (Thayer et al., 2012). This stress-ready
state, while adaptive for real danger, can hinder cognitive and emotional flexi-
bility if prolonged (Porges, 2007; Sapolsky, 2004). Because of the potential long-
termill effects, helping learners deal with vulnerable situations through training,
such as that given to the group mentioned here, could be valuable. On the pos-
itive side, embracing vulnerability in a safe environment engages the parasym-
pathetic nervous system, promoting steadier HR and increased HF-HRV and
RMSSD, which facilitates emotional regulation and resilience (Thayer et al.,
2012). This regulatory capacity enables calm states and effective emotional pro-
cessing, highlighting the critical role of vulnerability and the associated per-
ceived sense of safety in dealing with potentially stressful situations, such as
those encountered by the participants in this study (Porges, 2007).

The negative link between conscientiousness and HR aligns with research
showing that HR increases with stress (Bibbey et al., 2013). Conscientious individuals
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manage stress better through practicing healthy habits (Brouwer et al., 2014) and
exhibit stable heart rates, even under stress (Bibbey et al., 2013). Furthermore, con-
scientiousness is strongly associated with higher HRV, indicating better emotional
regulation and resilience (Dermody et al., 2016). This suggests that conscientious
participants in our study may have engaged in more self-regulation, prioritizing per-
sonal care and reducing increased stress-related HR. More research is needed to
help study abroad professionals know how they might better coach students ac-
cording to various personality traits. Perhaps more important is how to help students
planning on SA to become more self-aware and therefore in a better position to
make necessary adjustments. Exposing them to summaries of relevant research and
encouraging them to learn more about themselves through an instrument such
as the IPIP-NEO-120 could be helpful.

Regarding questions 3-5, which involve connections between personality,
HRV and proficiency, higher pre-departure Arabic exam scores correlated with higher
HF-HRV, reflecting greater parasympathetic activity and capacity for relaxation. This
suggests that those with stronger language skills may be calmer and more relaxed
during SA, highlighting the importance of pre-departure language preparation for
managing stress and maximizing language acquisition (Jackson, 2011; Kinginger,
2008, 2009). Such preparation fosters confidence and facilitates engagement in
immersive experiences, accelerating linguistic development and cultural adjust-
ment (Allen & Herron, 2003).

RMSSD was significantly correlated with both pre- and post-OPI scores. This
suggests a potential link between stress management and success in language learn-
ing. Students who manage stress well may perform better linguistically, or, conversely,
higher proficiency may lead to greater stress resilience (Kim et al., 2018). This result
supports the idea that strong language skills can enhance coping mechanisms dur-
ing SA. The learner’s attaining higher proficiency prior to SA is likely to be closely
connected with the increased emotional regulation and resilience associated with
higher RMSSD (Thayer et al., 2012). We note, however, that Thomas and Viljoen
(2019) did not find RMSSD to predict general academic performance in first-year
university students. One wonders what they might have found had they con-
trolled for personality. However, they did find that overall HRV correlated signifi-
cantly with the academic performance of female students.

Given constraints on SA preparation and the typical amount of variation
in proficiency, it is not usually feasible for only those who have high levels of pro-
ficiency to participate in SA. It is important to keep in mind the importance of
providing opportunities for success and confidence development, as Allen and
Herron (2003) have suggested. Small successes might promote greater resilience
to stressors that may be the result of inadequate proficiency but also of cross-
cultural differences, lifestyle changes, and other non-linguistic factors. One such
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intervention that is now a key component of the SA program from which the par-
ticipants in this study benefitted refers to the daily speaking appointments with tu-
tors where the student is in control of the topic and the tutor is tasked with assisting
the learner in experiencing an encouraging conversation that stretches but does not
overwhelm (see Bird & Belnap, 2018 for details on this and other interventions).
One might be inclined to think SA unwise for some students, especially given
the potential negative effects of longer-term high levels of anxiety as indicated by
cortisol levels reported for some participants in Dewey et al. (2018).! Students do
need to be carefully screened and advised of the rigors of overseas intensive lan-
guage study and the dangers of buying into the pervasive myth that immersion will
somehow magically bequeath them L2 fluency (Wilkinson, 1998). The participants
in this study had a number of advantages that helped them persevere. Most, if not
all, would have known students who participated in the program in previous years
and all had regular association with the teaching assistants, who were selected with
an eye to their serving as near-peer role models who provide the kind of vicarious
experiences that can lead to increased self-efficacy (Mills, 2014). Both before and
during the SA, participants were likewise exposed to such role models in the form
of case studies of students who had previously participated in the program, as
well as others, which are now available for learners generally at https://projectp
erseverance.byu.edu/. Some of these illustrate that even the most anxious SA
participants benefit considerably from their overseas intensive experience. Mis-
tretta (2008) provides an overview of research documenting such benefits.

! Given that the results reported in that study were correlations, one cannot say that the
increase in cortisol levels was caused by their study abroad experience. A variety of personal
or other factors could have contributed to some or all of the most dramatic cases of increase
in cortisol. It is noteworthy that Dewey et al. (2018) conclude: “Although overall anxiety
levels increased over SA they were not as high as might be expected leading us to believe
that the methods for coping with the challenges associated with studying abroad in Jordan
taught to the students are beneficial for moderating levels of anxiety during SA...” (p. 157).
That study and this study would have benefited from a comparison with comparable co-
horts of students studying in their country of origin, given that Pitt et al. (2017) found that
students at an Australian university reported ever increasing levels of stress over the course
of a semester. Dewey et al.’s (2014) study gives some sense of the variety of SA programs
and their practices and expectations, even within a single institution, and found that SA
program was a significant predictor of reported L2 use. Program expectations, that is, aca-
demic rigor, doubtless are a source of stress for some students. Dewaele (2009) provides
an overview of research on multiple individual factors, including personality and anxiety,
that had been shown by that time to play a role in SLA. In spite of a good deal of new re-
search, many questions remain, but the fact that healthier cortisol levels and healthier HRV
scores were significant predictors of oral proficiency gains is grounds for serious considera-
tion on how to better assist students in achieving their L2 learning objectives.
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Most interviewees reported rich cultural and linguistic engagement dur-
ing their SA experience, which aligns with observed gains in oral proficiency. All
but two participants advanced at least one sublevel on the ACTFL scale. One
who showed no measurable gain started the program at advanced low. Accord-
ing to Meredith (1990) and others, such apparent plateaus are not uncommon
due to the uneven intervals of the ACTFL scale. His interview responses high-
lighted increased competence in listening and local dialects, which Vande Berg
et al. (2009) argue are often not fully captured by OPI scoring, particularly when
gains are pragmatic or dialectal in nature.

As for research questions 2 and 3, quantitative data indicated a decrease in
anxiety over time, especially among students who showed measurable proficiency
gains. Those with higher post-program OPI scores also demonstrated improved HRV
measures (RMSSD and HF-HRV), both of which are associated with greater para-
sympathetic activation and emotional regulation. Interview responses corroborated
this trend, with students describing increased comfort and confidence as the se-
mester progressed. These findings align with previous studies suggesting that for-
eign language anxiety tends to decrease during extended immersion experiences.
For instance, Macintyre and Gardner (1994) as well as Thompson and Lee (2014) re-
ported reduced anxiety over the course of long-term SA programs. Similarly, Dewey
et al. (2018) found declining classroom anxiety and increased enjoyment in stu-
dents studying abroad in Jordan.

Despite these positive trends toward decreased anxiety, low proficiency
and high anxiety are of concern. Students with lower initial proficiency showed
less optimal HRV profiles, raising questions about the long-term physiological
impact of early-stage language anxiety associated with low proficiency. This also
suggests the value of establishing solid proficiency prior to departure, and it signals
the importance of substantive early intervention. Dewaele and Maclntyre (2016)
found that learners who rated themselves as low intermediate reported significantly
higher foreign language classroom anxiety often linked to negative social compari-
sons. Likewise, Bailey et al. (2003) showed that students who eventually dropped out
of language courses reported higher anxiety levels than those who persisted. These
patterns underscore the importance of integrating effective support strategies into
the early stages of L2 learning, particularly in SA settings where learners face ad-
ditional social and cognitive demands. We strongly recommend that training
begin as early as possible with students, well before SA and ideally from the first
day of their first class in the target language. Students need to understand that tak-
ing on new challenges is regularly associated with some anxiousness. They could be
shown a chart from studies such as Dewaele and Maclintyre (2016) to help them
see that anxiety lessens and joy increases over time and that they can be agents
in expediting this process and finding joy in their language learning. Results from
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this study could be used to encourage learners to use biofeedback to help them
make adjustments, such as prioritizing quality sleep, that will result in greater over-
all well-being and increased success in their language study and other endeavors.
Students could benefit from knowing that HRV training, where one uses real-time
HRV monitoring and deep, slow breathing to improve HRV, has been shown to in-
crease cognitive functions such as attention and executive control in highly stressful
situations (Tinello et al., 2022).

Limitations to this study include the sample size and the fact that the HRV
data did not always meet the requirements for clinical HRV research, largely due
to the non-clinical nature of the study. For example, the research assistant gath-
ering HRV data reported that two students talked during the HRV data collection
even though they were asked not to do so. Next, all but one of the participants
in the current study had virtually identical Arabic language learning experience,
were instructed in the same program and manner, came from the same US aca-
demic culture, and were relatively close in age, so these potentially influential
extraneous variables were controlled. However, motivation, learner beliefs and
attitudes, and other such extraneous variables might have had an influence.
Such variables might mask, moderate, or mediate anxiety and its connections
with SLA. We chose to focus on personality largely because of its relatively stable
nature, but an inclusion of some of the more dynamic variables mentioned
could give greater clarity, specifically when it comes to the complexity of per-
sonality-anxiety-proficiency relationships. Situational variation could also be ad-
dressed by replicating in a different setting. Another addition could be HRV data
collection at several more time points throughout the SA experience.

6. Conclusion

The present study showed that more effective language learners exhibited HR data
indicative of better ability to self-regulate. They were also characterized by greater
conscientiousness, as measured by the IPIP-NEO-120. Those with lower oral profi-
ciency gains were more likely to have higher HR and lower HRV, indicators of heart
functions related to poor performance and negative health consequences. HR mon-
itoring has become relatively practical with the use of devices that students regu-
larly wear, such as the Apple Watch or Fitbit fitness bands. Teaching students, from
the earliest stages, about the value of stress management and teaching them to
monitor and understand HR data in order to maintain their own health and poten-
tially enhance their language learning and cross-cultural experience is a practice
that appears to have potential to benefit students abroad as well as at home.
However, given the stressors inherent in SA, especially at the outset, and that
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higher levels of proficiency contribute to a less stressful in-country experience, stu-
dents would be wise to be aware of this from the beginning so that they may begin
well ahead of SA to become adept at using biofeedback and making other choices
that will result in more effective learning and overall well-being and thereby pre-
pare well in order to have the linguistic resources to optimize their SA experience.
Monitoring one’s HRV is no magic pill, but it is a tool that can lead to better self-
regulation and potentially greater self-awareness, a powerful combination. We agree
with Savicki (2010), who notes: “Attention to and remediation of psychological fac-
tors such as negative affect and feelings of threat and loss are likely to help students
in their struggles to fit in with a foreign culture. Psychological adjustment is part and
parcel of the study abroad experience” (p. 220).
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APPENDIX

Open-ended questions used in the interviews

Personal Interview A #

Program

Overseas Arabic Program in Amman, Jordan/ [name of|
university]

Term and academic year

fall, 2019/2020

Day and date of the interview

Time of the interview

Name of the interviewee (learner)

Age of the interviewee

Sex of the interviewee

Major of the interviewee

A. Questions on the interviewee’s interaction with local Jordanians
outside the school

A.1. Are you happy about your experience outside the school?

A.2. What do you like most about Jordanian society?

A.3. Do you have any bad experience outside the school? Explain!
How have you dealt with that?

A.4. Do you meet with local Jordanians outside the school?

A.5. Do you do any activities outside the school? If so, what activities
do you do? Do these activities allow you to interact with Jordanians?

A.6. What fears or perhaps misconceptions do you have about in-
teracting with locals?

A.7. What strategies do you use to deal with your fears?

A.8. Do you face any obstacles that prevent you from interacting
with locals? If so, what obstacles do you face?

A.9. What strategies do you use to get rid of these obstacles?

A.10. Do you believe that interaction with locals outside the school
helps you develop your language competences, mainly sociocultural
competence or sociolinguistic competence?

A.11. What inhibits you from making friends outside the school?

A.12. How do you deal with that?

A.13. Do you have any plan for enhancing your interaction with the
host culture outside the school? Explain! If not, will you think of one?

Notes

Interviewer
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