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Emotions in foreign language (FL) learning have become an increasingly popular research avenue in
applied linguistics. Such research is often carried out using linear correlational or regression methods,
which are limited in the extent to which they can depict interrelations. In this study, we aimed to reexam-
ine the relationships between the emotion variables of foreign language classroom anxiety (FLCA) and
foreign language enjoyment (FLE) and the outcome variable of self-perceived proficiency (SPP) through
nonlinear methods. Specifically, we examined how different levels of FLCA and FLE influenced SPP in
concert in a sample of N = 1,039 FL learners by utilizing polynomial regression with response surface
analysis. The nonlinear method generated a response model that visually depicted a complex SPP pat-
tern as a result of differing levels of FLCA and FLE. This three-dimensional model provides considerable
insight into the interaction of positive and negative emotions above and beyond what could be derived
from “classical” methods of correlation and linear regression.
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THE ROLE OF EMOTIONS IN FOREIGN
language (FL) learning has recently received
considerable research attention (Dewaele, 2021;
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Dewaele et al., 2019). The two variables at the
forefront of emotion research in applied linguis-
tics are the negative emotion of foreign language
classroom anxiety (FLCA) and the positive
emotion of foreign language enjoyment (FLE;
Dewaele & MacIntyre, 2014, 2016). Numerous
previous studies have examined the individual
associations of FLCA and FLE, respectively, with
the proficiency of language learners (Dewaele &
Dewaele, 2017; Li et al., 2020; Wei et al., 2019),
and some have also examined the interaction
between FLCA and FLE (Jiang & Dewaele, 2019).

Previous studies have all utilized linear meth-
ods such as group averages, correlations, and
linear regressions to examine these associations.
However, these “classical” methods, though
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methodologically sound, are limited in that they
simplify the relations between variables to such
an extent that it might not do justice to the com-
plexities of the realities of the foreign language
classroom (Gkonou, 2017). A nonlinear method
that allows users to establish associations that go
beyond mere linear trends is therefore needed
to accurately reflect the full range of emotions
experienced by FL learners. Such a method can
be found in polynomial regression with response
surface analysis. Specifically, polynomial regres-
sion with response surface analysis is a powerful
methodology that can be used to examine the
nonlinear effects of two psychological constructs
on a third variable (Edwards, 1994; Humberg
et al., 2019). The plotting of a congruence effect
between the two independent variables in a three-
dimensional space offers a unique opportunity to
examine the interaction of complex psychological
variables beyond what linear regression models
can do (Shanock et al., 2010). Of note, polyno-
mial regression has often been used in the fields
of personality psychology and occupational psy-
chology (Dörendahl et al., 2020; Edwards, 2007)
but to our knowledge, it has yet to be used in the
field of applied linguistics. In addition, to our
knowledge, the method has not been used to ex-
amine the interaction of emotions in education.
Therefore, in order to explore the complex-

ities of the relationships between emotion and
self-perceived proficiency (SPP) and to simulta-
neously introduce a lesser known method to the
field of applied linguistics, the following study
has two main aims—namely, (a) to examine how
FLCA and FLE in concert influence SPP through
a three-dimensional response surface model and
(b) to introduce the method of polynomial re-
gression with response surface analysis to the field
of applied linguistics by applying this method to
the aforementioned examination.

LITERATURE REVIEW

Emotions in Language Learning

FLCA remains the most commonly studied
emotion in FL learning (Dewaele & MacIntyre,
2014) and was originally defined as “a distinct
complex of self-perceptions, beliefs, feelings, and
behaviors related to classroom language learning,
arising from a uniqueness in the language learn-
ing process” (Horwitz et al., 1986, p. 128). FLCA
has since become a cornerstone of individual dif-
ferences in FL learning research. Three decades
of continual research on the topic have led to a
complex understanding in the prevailing litera-

ture of the debilitating effects of language anxiety
during the process of FL learning (Horwitz, 2010,
2017; MacIntyre, 2017).
More recently, the emergence of positive psy-

chology principles in applied linguistics research
(Dewaele et al., 2019; MacIntyre et al., 2019) has
led to the development of FLE as a construct. Pos-
itive psychology emphasizes the enabling power
of positive characteristics and behaviors in cre-
ating positive outcomes, breaking away from the
traditional overt interest in negative diagnostics
prevalent in psychological research (Seligman &
Csikszentmihalyi, 2014). In this framework, FLCA
can be seen as an embodiment of traditional,
diagnostic-based emotion research, with extensive
research attention provided in the past 30-odd
years to examining the antecedents, malleability,
and consequences of FLCA. In opposition, FLE
encompasses the concept of the broadening abil-
ity of positive emotions (Fredrickson, 2001).
In recent years, a great deal of research atten-

tion has been given to the relationship between
the established construct of FLCA and the newly
introduced construct of FLE. In the seminal study
that introduced “FLE” to the research lexicon, De-
waele and MacIntyre (2014) questioned whether
positive and negative emotions in FL learning re-
sembled the two-faced Roman god Janus in that
FLCA and FLE presented two sides of a single
continuum. However, the study concluded that
due to a moderate negative correlation, r = −.36,
p < .001, FLCA and FLE can be viewed as largely
independent but related variables. Indeed, sub-
sequent research has confirmed that FLCA and
FLEmanifest differently not only in terms of their
bivariate relation but also in terms of their an-
tecedents (Dewaele & Dewaele, 2017; Jiang &
Dewaele, 2019), inherent design, and factor struc-
ture (Li et al., 2018).
FLCA and FLE have been established as related

variables within a largely shared nomological net-
work, as both emotion constructs have been
found to interact with established variables in FL
learning motivation research. For instance, FLCA
has been associated with numerous affective, per-
sonality, and cognitive variables in the decades-
long research into the nature of language anxiety
(MacIntyre, 2017). By contrast, the nomological
network of FLE is as yet underdeveloped.
Essentially, both FLCA and FLE have been

linked to real and perceived competence in the
target language through correlations and linear
regressions. As the authors of this study, we have
also previously examined the correlational rela-
tionships between FLCA, FLE, and proficiency
(Botes et al., 2020a). Specifically, we utilized an
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existing dataset comprising N = 1,039 adult FL
learners to examine the interaction between mul-
tilingualism and SPP on FLCA and FLE (Botes
et al., 2020a). In this previously published study,
FLCA was found to be negatively correlated with
SPP, r = −.340, p < .001, whereas FLE was posi-
tively correlated with SPP, r = .245, p < .001. In
addition, other studies have confirmed an exist-
ing linear and correlational relationship between
emotion variables and perceived proficiency in
the FL classroom (Li et al., 2018; Mierzwa, 2018;
Teimouri et al., 2019; Zhang et al., 2020).

Furthermore, only a few studies have examined
the interplay between FLCA and FLE in contrast
to vast amounts of research detailing the individ-
ual correlations and regressions. We could find
only a single study that explicitly examined the
effect of both FLCA and FLE on real and per-
ceived achievement in the FL classroom: Li et al.
(2020) reported a statistically significant effect of
FLCA and FLE on real proficiency in a multiple
regression model, R2 = .115, p < .001, and SPP,
R2 = .293, p < .001. Aside from the statistically
significant regression equation, both FLCA, β =
−.426, p < .001, and FLE, β = .201, p < .001,
predicted SPP, with FLCA having the larger effect
size. The conclusions of our own and other stud-
ies have therefore been that, to optimize the SPP
of the FL learner, FLE should be maximized and
FLCA should be minimized. However, this simple
maximmight not reflect the reality of the FL class-
room, where learners can experience equally high
or low levels of FLCA and FLE with nonadditive
effects on the outcome variable (e.g., SPP).

Quantitative studies based on correlations, in-
cluding our own, have found a prevailing moder-
ate negative correlation between FLCA and FLE
(Botes et al., 2020a; Dewaele & MacIntyre, 2014,
2016; Khajavy et al., 2018), yet qualitative and
quantitative research studies are rife with reports
of students experiencing high levels of FLCA and
FLE simultaneously (Dewaele et al., 2016, 2022).
The varying combinations of FLCA and FLE that
FL students can experience might therefore be
overly simplified when only correlational results
are examined.

In addition, the range of combinations of
FLCA and FLE that can be present in FL learners
are not necessarily reflected in hypotheses that
propose linear relationships with a third variable.
Numerous mixed-methods research studies have
presented cases of language learners who display
high levels of language anxiety in conjunction
with high levels of proficiency or achievement
(Dewaele & Alfawzan, 2018; Gkonou, 2017;
MacIntyre, 1995), despite the prevailing mod-

erate negative correlation between language
anxiety and academic achievement (r = −.39; see
the recent meta-analysis of 59 studies by Botes
et al., 2020b). Furthermore, FL learners have also
displayed low levels of enjoyment in combination
with high levels of perceived proficiency (Li
et al., 2020). Therefore, many combinations are
possible with regard to FL learners’ emotions,
with learners displaying equally high, equally low,
or opposing levels of FLCA and FLE.

Greater nuance is therefore needed in exam-
ining the interplay of FLCA and FLE and its
effects on third variables. Such nuance may be
achieved by examining the variables through poly-
nomial regression and response surface analy-
sis, as the response surface model will provide
a three-dimensional depiction of how the level
of agreement between FLCA and FLE affects
the SPP of the FL learner. More specifically, this
three-dimensional model will depict the SPP of
FL learners as influenced by different possible
combinations of FLCA and FLE. Specifically, the
model will depict the resultant SPP when FLCA
and FLE are experienced in equally high or
equally low amounts (congruence) or at complete
opposite levels (incongruence). In this study, we
therefore reexamined the dataset used by Botes
et al. (2020a) in an attempt to understand the nu-
ances that exist in the emotions of FL learners,
moving beyond the classical linear interpretation
of the data.

Polynomial Regression and Response Surface Models

As far as we are aware, no attempt has been
made in the literature to investigate individual
difference variables in FL learning by applying
polynomial regression with response surface anal-
ysis. Therefore, this study will attempt to provide
a brief introduction to polynomial regression
with response surface analysis and provide infor-
mation about the methodological steps involved
in the hope of inspiring additional research that
might employ this method. Please note that other
fields of social science have readily employed poly-
nomial regression with response surface analysis,
and the interested reader will find methodologi-
cal introductions to the topic elsewhere (Edwards,
1994; Edwards & Parry, 1993; Schönbrodt &
Humberg, 2018; Shanock et al., 2010).

Polynomial regression and response surface
analysis can be used to investigate “the extent
to which combinations of two predictor vari-
ables relate to an outcome variable, particularly
when the discrepancy between the two variables
is a central consideration” (Shanock et al., 2010,
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p. 543). First introduced as ameans for examining
person–environment fit in organizational settings
(Edwards, 2007; Edwards & Cable, 2009), re-
sponse surface analysis has since become popular
in personality and educational psychology settings
(Chopik & Motyl, 2016; Ilmarinen et al., 2016;
Milatz et al., 2015). This methodology might hold
great promise in providing further insights into
the relationships between applied linguistics vari-
ables that cannot be gained through direct linear
methods.
On amore specific level, polynomial regression

is concerned with examining how the congru-
ence between two predictor variables affects the
standing on a third variable, where congruence
refers to the “fit, similarity, or agreement between
two constructs” (Edwards, 2009, p. 34). In this
study, the fit between FLCA and FLE is therefore
proposed to affect the outcome variable of SPP.
However, a key factor of polynomial regression
that sets it apart from the use of linear methods
is the importance given to both congruence and
incongruence in the relation between the two
predictor variables. Congruence between the
predictor variables can therefore be defined as
the agreement or similarity between the levels of
the two predictors, such as when an FL learner ex-
periences equally high or low levels of FLCA and
FLE [++; −]. Incongruence, in turn, is seen as
quantitatively distinct from congruence and can
be defined as the misfit or dissimilarity between
the predictors, such as an FL learner reporting a
very high FLCA and a very low FLE or vice versa
[+−; −+]. The relationship between the congru-
ence of the predictor variables and the outcome
variable is therefore not the direct opposite of
the relationship between the incongruence of
the predictor variables and the outcome variable
(Edwards, 1994). In the present study, we there-
fore expected that different combinations of
FLCA and FLE scores would result in a nonlinear
relationship with SPP, both when FLCA and FLE
were roughly at equal levels (equally high or
equally low levels of enjoyment and anxiety) and
when they were at exact opposite levels (e.g., high
anxiety and low enjoyment).
On a statistical level, polynomial regression

examines two predictor variables separately and
jointly in that the calculated model rests on the
centered predictors as well as on the interaction
of the joint predictors with a third outcome vari-
able (Edwards, 2007). Thus, the outcome variable
(in this study, SPP) is regressed on each of the
predictor variables (in this study, FLCA and FLE),
on the interaction between the two predictor vari-
ables, and on the squared values of each of the

predictors. The quadratic polynomial regression
equation is calculated as follows:

Z = b0 + b1X + b2Y + b3X 2 + b4XY + b5Y 2 + e(1)

where:
Z = outcome variable (SPP)
X = first predictor (FLCA)
Y = second predictor (FLE)
Y2 and X2 = quadratic terms for the predictors
XY = interaction between the predictors
b1–b5 = estimated coefficients
Equation (1) can be depicted in a three-

dimensional space using response surface anal-
ysis for ease of interpretation. The surface esti-
mates of the two predictor variables are mapped
onto this three-dimensional space, and the lines
of congruence and incongruence are of interest
(see Figure 1; Edwards, 1994). Most notably, the
characteristics of interest on the response surface
are the slopes and curves of the lines of congru-
ence and incongruence, which are depicted by
calculating the four surface test parameters:

1. a1 = b1 + b2 : slope along the line of congru-
ence, where FLCA and FLE are in perfect
agreement (Line A–D in Figure 1)

2. a2 = b3 + b4 + b5 : curvature along the line
of congruence (Line A–D in Figure 1)

3. a3 = b1 − b2 : slope along the line of incon-
gruence, where FLCA and FLE are at oppo-
site levels (Line B–C in Figure 1)

4. a4 = b3 − b4 + b5 : curvature along the line
of incongruence (Line B–C in Figure 1)

These slopes and curves describe the nonlinear
relationships between the variables when they
are statistically significant (Shanock et al., 2010).
Test parameters a2 and a4 additionally provide
information about the direction of the curvature,
such that a positive and statistically significant
outcome yields a convex curve, and in turn, a
negative and statistically significant outcome indi-
cates a concave curve. The response surface may
also present a pattern where both a convex and
concave line is present on either the line of con-
gruence and incongruence and is aptly termed a
“saddle” curve (Edwards, 2007). In terms of the
specific variables at play in this study, a concave
model implies that greater SPP was observed in
instances where FLCA and FLE were at either
extreme (very high or very low). In turn, a convex
curvature implies that a higher SPP was observed
when both FLCA and FLE were experienced at
moderate levels (at Point E in Figure 1).
The added value of polynomial regression

with response surface analysis can be seen when
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FIGURE 1
Three-Dimensional Space of the Response Surface Pattern [Color figure can be viewed at
wileyonlinelibrary.com]

Note. FLCA = foreign language classroom anxiety; FLE = foreign language enjoyment.

comparing it directly with correlations and lin-
ear regressions, the oft-used method in applied
linguistics. Correlational analyses such as the
Pearson correlation coefficient aim at measuring
the bivariate correlational relationship between
two sets of data (Field, 2005). As such, only a lin-
ear nondirectional fit between two variables can
be examined. In turn, linear regression models a
directional relationship between one ormore pre-
dictor variables and an outcome variable (Field,
2005). However, as with correlational analyses, lin-
ear regression aims to find a single line of best fit
between the variables and cannot take curvature
in the data into account (Field, 2005). In con-
trast, polynomial regression with response surface
analysis examines all combinations of predictor
variables and not just a single linear equation.
As such, the nonlinear method can therefore
provide a better approximation of the nuance in
the data by modeling slope and curvature.

It should also be noted that the use of polyno-
mial regression with response surface analysis is
not without criticism. The methodology relies on
the assumption that the variables are measured
without error, as measurement error is not taken
into account (Edwards, 2009). In addition, there
is a risk of extrapolating results from the sample to

the general population by applying oversimplistic
interpretations. Therefore, results garnered from
polynomial regression and response surface anal-
ysis should be cross-validated (Edwards, 1994).
The most often cited criticism against the use of
the methodology lies in its apparent complexity,
as it may lead to misinterpretations and miscon-
ceptions (Cohen et al., 2010). However, the in-
troduction of numerous Microsoft Excel macros
(Edwards, 2007; Shanock et al., 2010) as well as
RStudio packages such as RSA (Schönbrodt &
Humberg, 2018) have simplified the analysis and
interpretation of congruence results in recent
years.

Therefore, with the current article, we hope to
spark interest in the use of themethodology in the
field of motivational studies in language learning.
As such, we explored the ranges of emotions that
language learners can have in the language class-
room as well as how the fit and misfit between
their emotions influence SPP as the outcome
variable. The use of this methodology will expand
the understanding of the role that emotions
play in the FL classroom. Specifically, we give
due attention to cases that are generally not de-
picted in linear methods (e.g., when FL learners
experience equally high levels of FLCA and FLE).
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METHOD

Participants

The sample consisted of N = 1,039 FL learners
who completed an online questionnaire in 2012.1

The average age of the sample was 24.04 years
(SD = 8.01), with 71.66% of the sample identify-
ing as female. The data were gathered via snow-
ball sampling and were originally used in the
study that introduced FLE (Dewaele &MacIntyre,
2014).

Materials

Self-Perceived Proficiency. A single item was used
to measure SPP. Participants were asked to indi-
cate their level of proficiency regarding the FL
they were learning at the time on a scale ranging
from 1 (beginner) to 5 (advanced).

Short-Form Foreign Language Classroom Anxiety
Scale (α = .89). We used an 8-item measure
developed by MacIntyre (S-FLCAS; 1992) that
is a shortened version of the original 33-item
scale developed by Horwitz et al. (1986), and
recently validated in Botes et al. (2022). The
scale has been frequently used in emotions in
FL learning research, most notably in the first
study to introduce FLE to the research lexicon
(Dewaele & MacIntyre, 2014). Items are scored
on a 5-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree).

Short-Form Foreign Language Enjoyment Scale (α
= .82). We used a 9-item short-form scale (S-
FLES) that was developed and validated utilizing
exploratory factor analysis, confirmatory factor
analysis, and ant colony optimization algorithms
(Botes et al., 2021). The 9 items were selected
from the original 21-item foreign language enjoy-
ment scale by Dewaele andMacIntyre (2014). The
short-form scale has been found to be a valid and
reliable measure of FLE (Botes et al., 2021). The
items were rated on a 5-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree).

Data Analysis

Data were analyzed using SPSS 25, the Excel
macro for response surface analysis developed
by Edwards (2007), and the RSA package in R
(Schönbrodt & Humberg, 2018). Descriptive
statistics were calculated for all three variables.
Correlational and linear regression analyses were
conducted between the predictor variables of
FLE and FLCA and the outcome variable of SPP.
These results were utilized to further demon-

strate the added value of the nonlinear method
of polynomial regression with response surface
analysis. Furthermore, all assumptions for run-
ning response surface analysis were examined, as
specified by Humberg et al. (2019).
Polynomial regression and response surface

analysis were used to examine the effect of the
possible congruence and incongruence between
FLE and FLCA on SPP through the following de-
tailed steps:

1. As recommended by Edwards (1994), the
predictors of FLE and FLCA were centered
on the midpoint of their respective scales.
Both FLE and FLCA were measured on a 5-
point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). As such, the
midpoint of both scales was 3; therefore, 3
was subtracted from the average score of
FLE and FLCA for each participant in the
sample. By doing so, two new variables were
calculated: a centered FLE (b1) and a cen-
tered FLCA (b2).

2. Three additional variables required for the
quadratic polynomial regression equation
were calculated: the square of the centered
FLE scores (b3), the product of the cen-
tered FLE scores multiplied by the centered
FLCA scores (b4), and the square of the cen-
tered FLCA scores (b5).

3. The outcome variable (i.e., SPP) was re-
gressed on each of the five calculated
variables (b1–b5) in order to derive each of
the surface test values (a1–a4). As previously
described, the surface test values represent
the slope and curvature of the response
surface along the lines of congruence and
incongruence.

4. The unstandardized betas and standard
errors of the regression coefficients cal-
culated in Step 3 were entered into the
Edwards (2007) Excel macro, which, in
turn, generated a response surface model
for each of the dependent variables.

RESULTS

Descriptive Statistics

The descriptive statistics for all three variables
can be found in Table 1.

Preanalysis Requirement Checks

The data requirements were confirmed as
specified by Humberg et al. (2019): (a) the
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TABLE 1
Descriptive Statistics

Variable M SD Max Min

Foreign language classroom anxiety 2.70 .83 5.00 1.00
Foreign language enjoyment 3.84 .57 5.00 1.11
Self-perceived proficiency 3.73 1.12 5.00 1.00

TABLE 2
Discrepancy Pairs of Independent Variables Within
Half a Standard Deviation

Pair n %

FLCA higher than FLE 371 35.71
FLCA equal to FLE 261 25.12
FLCA lower than FLE 407 39.17

Note. FLCA = foreign language classroom anxiety; FLE
= foreign language enjoyment.

distribution of discrepant predictor pairs in the
data (i.e., FL learners whose FLCA is higher,
lower, and equal to their FLE), (b) the multi-
collinearity between FLCA and FLE, (c) the relia-
bility of the measurements, and (d) the statistical
power of the data.

A suitable amount of discrepancy was found
in the dataset with regard to the pairs of
predictors so that a polynomial regression analysis
could be justified (see Table 2). In order to exam-
ine the discrepancies between the independent
variables, the scores were standardized for both
FLCA and FLE. The differences between the two
scores were coded to identify participants whose
standardized score on FLCA was half a standard
deviation above or below FLE (Shanock et al.,
2010). Thus, discrepancy pairs were coded as fol-
lows: FLCA higher than FLE, FLCA equal to FLE,
and FLCA lower than FLE, within half a standard
deviation.

As we found in our previous study, statistically
significant correlations were observed between
all variables (Botes et al., 2020a; see Table 3).
FLCA had a statistically significant moderate neg-
ative correlation with the outcome variable of SPP,
r = −.35, p < .001. In turn, FLE had a mod-
erate positive correlation with SPP, r = .37, p <

.001. The moderate negative correlation between
FLCA and FLE indicated low multicollinearity be-
tween the two predictor variables, r = −.26, p <

.001. Furthermore, a variance inflation factor of
1.074 was found between FLCA and FLE, thus

meeting the collinearity requirements for further
analysis (Humberg et al. 2019).

The last two requirements specified by Hum-
berg et al. (2019)—namely, the reliability of the
measures and the power of the data—were also
met. The FLCAS and S-FLES, which were used
to measure FLCA and FLE, respectively, both in-
dicated an acceptable level of internal reliability
with α = .89 and α = .82. Unfortunately, a relia-
bility analysis could not be conducted on SPP, as
a single item was used to measure the dependent
variable. Last, the sample size of N = 1,039 was
more than sufficient to examine the hypothesis in
question (Humberg et al., 2019). As all require-
ments were met, the polynomial regression with
response surface analysis proceeded.

Multiple Linear Regression

The overall multiple regression equation was
statistically significant, F(2,193) = .089, p < .001,
as was the direct predictive relationship between
FLCA and SPP, β = −.285, p< .001. However, FLE
did not have an individual direct predictive rela-
tionship with SPP, β = .025, p = .730. The results
of the multiple linear regression therefore seem
to indicate some complexity, as there is a mix-
ture of significant and nonsignificant regression
equations. However, due to the limitations of the
method, further complexities such as curvatures
in the data cannot be explored using multiple lin-
ear regression. As such, the nonlinear method of
polynomial regression with response surface anal-
ysis was used to further examine the variables.

Polynomial Regression and Response Surface Model

The relations of FLCA and FLE with SPP were
examined via polynomial regression and response
surface analysis. The variables required for the
quadratic polynomial regression were calculated
as described in the data analysis section, where
b1 through b5 were the estimated coefficients of
FLCA and FLE. The outcome variable of SPP was
regressed onto each of the calculated variables
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8 The Modern Language Journal 0 (2022)

TABLE 3
Correlation Matrix

Variable 1 2 3

1. Foreign language classroom anxiety — −.26** −.35**

2. Foreign language enjoyment — .37**

3. Self-perceived proficiency —

∗∗p < .01.

TABLE 4
Polynomial Regression Results of FLCA and FLE on
SPP

Variable Description Estimate SE β p

b1 FLCA centered −.388 .039−.385<.001***

b2 FLE centered −.020 .063−.013 .751
b3 FLCA squared .026 .024 .027 .279
b4 FLCA × FLE .088 .040 .093 .027*

b5 FLE squared .118 .040 .129 .004**

a1 (b1 + b2) −.410 .090 <.001***

a2 (b3 + b4 + b5) .230 .070 .002**

a3 (b1 – b2) −.370 .060 <.001***

a4 (b3 – b4 + b5) .060 .080 .467

Note. FLCA = foreign language classroom anxiety; FLE
= foreign language enjoyment.
∗p < .05.
∗∗p < .01.
∗∗∗p < .001.

(b1–b5), with the surface test values (a1–a4) calcu-
lated from the regressionmodel results (Edwards,
2002; Table 4).
The overall polynomial regression model of

SPP as the outcome variable was statistically sig-

nificant, F(5,1033) = 52.47, p < .001. As the re-
gression model was significant, the interpretation
of the response surface model could proceed (see
angles A and B of the model in Figures 2 and 3).
Please note that Figures 2 and 3 depict different
angles of the same analysis.
The line of congruence in the response surface

model was interpreted via the slope and curvature
of the line (a1 and a2). The slope of the line of
congruence was significantly negative, a1 = −.41,
p < .001, and therefore, SPP decreased as FLCA
and FLE increased. In turn, the curvature of the
line of congruence was significantly positive, a2 =
.23, p< .01. The significant a2 variable indicated a
nonlinear relationship on the line of congruence,
which resulted in a convex curvature (see angle
A of the response surface model in Figure 2).
Therefore, more extreme levels of FLCA and FLE
led to a greater SPP. Where very high FLCA and
FLE were present, a moderate level of SPP was
expected. In addition, where very low FLCA and
FLE were present, an even greater level of SPP was
found.
The line of incongruence, in turn, resulted in

a significant negative slope, a3 = −.37, p < .001.
Therefore, a very low SPP was present at the point

FIGURE 2
Response Surface Model of Self-Perceived Proficiency (Angle A) [Color figure can be viewed at
wileyonlinelibrary.com]
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Elouise Botes, Jean–Marc Dewaele, and Samuel Greiff 9

FIGURE 3
Response Surface Model of Self-Perceived Proficiency (Angle B) [Color figure can be viewed at
wileyonlinelibrary.com]

where low FLE and high FLCA occurred (see
Point B in angle B of the model in Figure 3). As
FLE increased and FLCA decreased along the line
of incongruence, a resultant rise in SPP occurred.
This result was not unexpected, as it duplicated
the linear findings of our previous studies, with
low FLCA and high FLE resulting in high SPP
(Botes et al., 2020a). In addition, the curvature
of the line of incongruence was found to be non-
significant (p = .467). Therefore, no significant
curvature was found on the line of incongruence,
with a steady linear increase in SPP present be-
tween Points B and C where FLE rose and FLCA
fell.

DISCUSSION

The aims of this study were to examine an exist-
ing dataset through the lens of polynomial regres-
sion with response surface analysis and, thereby,
to reveal the complexity of the interaction be-
tween FLCA and FLE and its subsequent effect on
SPP. This study provides the first example of the
use of polynomial regression with response sur-
face analysis in examining individual differences
in applied linguistics.

As the core result of this study, a statistically
significant polynomial regression model between
FLCA and FLE as independent variables and SPP
as the dependent variable was reported. A signif-
icant slope was found on the line of incongru-
ence, where FLCA and FLE were experienced at
opposite levels (e.g., high FLCA and low FLE).
The curvature of the line of incongruence was
insignificant. Therefore, as the FLCA of the FL

learner decreased and the FLE increased, a linear
increase in SPP was predicted. The results of this
line of incongruence clearly replicated findings of
previous studies utilizing correlational and linear
methods—namely, that FLCA was a hindrance to
SPP, and FLE was a facilitating factor (Li et al.,
2020; Teimouri et al., 2019). However, this sim-
plistic interpretation of the interaction between
FLCA and FLE is only applicable to FL learners
whose positive and negative emotions are at op-
posite ends, such as a high level of FLE and a
low level of FLCA. As FL learners’ emotions come
in all shapes and sizes, it is also necessary to un-
derstand the interaction between FLCA and FLE
when each emotion is experienced with equal in-
tensity (e.g., equally low FLCA and FLE).

In fact, the added value of using polynomial
regression with response surface analysis is re-
vealed in the results garnered from the line of
congruence—where FLCA and FLE were experi-
enced at equal levels. Methodologically speaking,
a statistically significant slope and curvature were
found for the line of congruence. The negative
slope indicated that as FLCA and FLE increased, a
decrease in SPPwas visible.However, this decrease
did not occur linearly but rather took a convex
shape where equally low levels of FLCA and FLE
resulted in the highest level of SPP. This specific
finding of high SPP as the result of low FLCA and
low FLE ought to be emphasized. Previous linear
studies, including our own, have found an indi-
vidual negative relationship between FLCA and
real or perceived proficiency (Botes et al., 2020a,
2020b; Teimouri et al., 2019), as well as an indi-
vidual positive relationship between FLE and real
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or perceived proficiency (Botes et al., 2020b; Li
et al., 2020). Indeed, the correlational and linear
regression results reported in this study found a
negative relationship between FLCA and SPP, r =
−.35, β = −.285, p < .001. In addition, a statisti-
cally significant positive correlation, r = .37, p <

.001, and a nonsignificant regression (p> .05) was
found between FLE and SPP. Yet, the line of con-
gruence provides considerably more nuance than
the correlational or regression results, as it mod-
eled that in the instance where the FL learner ex-
perienced low FLCA and low FLE, a resultant high
SPP was observed. This high SPP can probably be
attributed to a lack of anxiety in the FL learner;
however, the lack of enjoyment seemed to have
no discernible negative impact. This lack of anxi-
ety seems to compensate for the lack of enjoyment
in the FL learner and still result in a high SPP.
This compensatory effect is visible further along
the line of congruence as well, where a high FLE
(and equally high FLCA) resulted in a moderate
SPP. Thus, the positive impact of a high level of
FLE compensated for the negative impact of the
high level of FLCA experienced by the FL learner
to yield a positive outcome of an overall moder-
ate SPP. This intricate pattern of compensatory ef-
fects could not have been revealed through linear
methods and practically demonstrates the use of
polynomial regression with response surface anal-
ysis in examining individual differences data.
It should also be noted that the line of con-

gruence provides additional insight into the
individual sway both FLCA and FLE hold in the
interaction effect. The level of SPP was consider-
ably greater as a result of extremely low FLCA and
FLE, as opposed to the moderate SPP garnered
from an extremely high FLCA and FLE. There-
fore, in the interaction between FLCA and FLE
and its resultant effect on SPP, a lower level of
FLCA will be more beneficial to creating a greater
SPP in the FL learner than a higher level of FLE.
This greater impact of FLCA on SPP in compar-
ison to FLE in the interaction effect has some
basis in the literature. Research on the impact
of positive and negative emotions has indicated
that the impact of negative emotions can at times
outweigh the impact of positive emotions in test
performance (Chin et al., 2017), achievement
motivation (Bartels, 2007), and memory recall
(Brainerd et al., 2008). The impact of negative
emotions in the FL classroom should therefore
not be underestimated, especially as the response
surface model shows that even high amounts of
positive emotions will not fully compensate for
the presence of negative emotions.

THEORETICAL AND PRACTICAL
IMPLICATIONS

The findings of this study have both theoreti-
cal and practical implications. The current study
provided a demonstration of the use and value
that polynomial regression with response surface
analysis can offer applied linguistics research. The
three-dimensional modeling of an outcome vari-
able as influenced by two independent variables
provides a unique opportunity to capture the
complexity of a dataset. Further endeavors that
may benefit from the use of this methodology in-
clude examining the interaction between real and
perceived proficiency in the target language and
an outcome variable, such as willingness to com-
municate, or examining the interaction between
willingness to communicate in the FL class of the
teacher and the student and an outcome variable,
such as student proficiency.
Additional theoretical implications that ought

to be considered include the framing of and for-
mulation of future hypotheses regarding emo-
tions in FL learning. As demonstrated by the sig-
nificant slopes and curvatures in the response sur-
face model, a nonlinear relationship underlies
the emotion variables in this study. As such, future
research ought to consider and statistically exam-
ine the possibility of nonlinear solutions when
testing hypotheses regarding FLE and FLCA.
The practical implications of the findings of

this study specifically concern FL teachers, as the
results indicate that high levels of anxiety in the
FL classroom cannot be fully offset by high levels
of enjoyment. Therefore, FL teachers need to pri-
oritize the lowering of FLCA in their classrooms.
Fully eliminating FLCA from the FL classroom
would be nearly impossible from a practical stand-
point; however, the FL teacher should attempt to
create a positive classroom environment where
students are allowed to make errors without
fearing harsh words or ridicule. Teachers can
also empathize with students and train them to
handle their FLCA in a constructive manner. This
may include less prescriptive approaches with
a strong focus on grammar and pronunciation,
which have been found to contribute to the level
of anxiety in FL learners (Young, 1991) or by im-
plementing learning strategies such as self-driven
learning (Dupuy, 1997), learning through song
(Dolean, 2016), and multimedia technologies
(Golonka et al., 2014; Oxford, 2017). In addition,
Kondo and Ying–Ling (2004) found that em-
phasizing and actively encouraging students to
prepare for FL classes, to take time to relax when
FL learning, and to practice positive thinking
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Elouise Botes, Jean–Marc Dewaele, and Samuel Greiff 11

increases students’ abilities to cope with language
anxiety. Furthermore, the FL teacher can im-
plement other strategies to increase FLE in the
classroom, such as the interactive games used by
Allen et al. (2014) in order to improve L2 writing
engagement, perceived writing skills, and enjoy-
ment of writing. The Web-based software Writing
Pal developed by Allen et al. (2014) utilizes a
series of mini-games aimed at improving writing
skills such as planning, cohesion building, and
paraphrasing through an intelligent tutoring
system with automatic feedback (for an overview
of the exact games used, please see Allen et al.,
2014). In addition, utilizing humor and em-
pathetic teaching may be helpful in order to
decrease anxiety in FL learning. For example,
Ariza (2002) successfully utilized the commu-
nity language learning (CLL) approach for a
particularly vulnerable group of Spanish lan-
guage learners. The CLL approach involved the
FL teacher emulating the role of empathetic
counsellor through active listening, attempting
to understand and show empathy for the root
causes of the anxiety of the FL learners (Ariza,
2002). Furthermore, drawing upon positive
psychology, Oxford (2017) suggested a number
of interventions that teachers can use to lower
learners’ FLCA by boosting their sense of agency,
hope, and optimism. In cases in which classroom
activity may elicit both anxiety and enjoyment
(e.g., public speaking in the target language),
FL teachers must keep in mind that, should the
FL learners experience both emotions at equally
high intensities, the negative effect of FLCA may
to some extent “overpower” any positive effects
of FLE.

LIMITATIONS

The present study has several limitations that
ought to be considered. First, the sample of FL
learners was broad; and no specific target lan-
guage, country, or age group were investigated.
In fact, future response surface models generated
from specific target languages or geographical
samplesmay show different slopes and curvatures.
Therefore, the extent to which the response sur-
face model generated in this study can be gener-
alized to other contexts is uncertain. Second, SPP
was measured with a single item. Future studies
utilizing different measures such as a multi-item
scale or a true measure of proficiency might not
find the same interaction effect and outcome
as presented here. Third, the dataset utilized in
this study has been used before by the authors
(Botes et al., 2020b; see Note 1 regarding the

previous use of the data). Last, it should also be
noted that using the methodology of polynomial
regression and response surface modeling can be
a complicated and rather statistical endeavor to
undertake. This study attempted to provide a sim-
ple overview of the method; however, it did not
address the myriad intricacies in the calculation
and interpretation of the response surface model
that can be found elsewhere (Edwards, 2009;
Humberg et al., 2019; Shanock et al., 2010).

CONCLUSION

In their study, Dewaele and MacIntyre (2014)
likened the established negative emotion variable
of FLCA and the emerging positive emotion vari-
able of FLE to the Roman gods Phobos and Laeti-
tia. In this study, we reexamined these old gods of
the Dewaele & MacIntyre (2014) dataset through
the new lens of polynomial regression with re-
sponse surface analysis. Results indicated that FL
students with a lower FLCA and higher FLE had a
higher level of SPP—echoing the findings of pre-
vious studies that used linear and correlational
methods (Dewaele & MacIntyre, 2014). However,
FL learners who experienced FLCA and FLE at
equal intensities yielded a complex pattern of SPP,
where the presence of one emotion at times com-
pensated for the lack of another. In addition,
the greater impact of anxiety in determining the
perceived proficiency of the FL learner was ob-
served. Although tried-and-tested methods of cor-
relational and linear hypotheses regarding posi-
tive and negative emotions are not without value,
polynomial regression and response surface anal-
ysis can reflect complexities in FL emotion data
on a more fine-grained level.

NOTE

1 Asmentioned , the dataset was previously used to ex-
amine the linear and correlational relationships among
FLCA, FLE, and SPP (Botes et al., 2020a). In our previ-
ous study (Botes et al., 2020a), we examined the inter-
action effect of multilingualism and SPP as predictors
on the emotions of FLCA and FLE as criteria as a di-
rect consequence of previous research findings indicat-
ing significant differences in FLCA and FLE across levels
of SPP and multilingualism (Dewaele, 2010; Thompson
& Khawaja, 2016). In this study, we deploy the method
of polynomial regression with response surface analy-
sis to reexamine this same dataset in order to deter-
mine whether FLCA and FLE in congruence predict
SPP. There are, therefore, differences in the directional-
ity assumed across our previous study (multilingualism
with SPP → FLCA and FLE; Botes et al., 2020a) and our
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current study (FLCA and FLE → SPP). Neither study
should be taken as a definitive stance on the direction-
ality of the relations between the variables in the nomo-
logical network. Instead, we assume a circular relation-
ship between the emotion variables and SPP, where, for
example, low FLCA can predict low SPP but, in turn,
low SPP can predict anxiety. This “spiral” prediction is
not uncommon in studies of emotion, where anxiety has
been theorized to have a spiralling effect on the perfor-
mance of musicians (Spahn et al., 2010), drivers (Fair-
clough et al., 2006), sales agents (Mughal et al., 1996),
mathematics learners (Jameson, 2014), and language
learners (Saito & Samimy, 1996). Ideally, future experi-
mental research would examine the negative spiral be-
tween SPP and FLCA as well as the positive spiral be-
tween SPP and FLE that we put forth in theory; however,
such a study is beyond the scope of this article.
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