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Abstract

The present study examined the dynamics of competitive anxiety and self-
confidence, as well as the relationships between these variables, during
athletes' experiences of psychological momentum (PM). Male national level
table tennis players (Study 1) and swimmers (Study 2) watched one of their
recent competitions, which included a PM experience. At the same time they
indicated their moment-to-moment levels of competitive anxiety and self-
confidence by using a computer mouse. Curve estimation showed that
competitive anxiety and self-confidence decreased and increased over time,
respectively. Moreover, the dynamical patterns were more nonlinear for
swimmers than for table tennis players, indicating that the PM experience is
dependent on the sport context. Consistent with the opposite dynamics of
competitive anxiety and self-confidence, correlation analyses revealed a
strong negative relationship between these variables, suggesting that PM
constraints the relationship between competitive anxiety and self-confidence.
Findings of this study offer new insights into the dynamics of PM and its
ecological embedment.

Key words. dynamical approach, affects, curve estimation, mouse paradigm,
windowed correlation

1. Introduction

Psychological Momentum (PM) is a popular topic that has triggered the curiosity of

psychology researchers for over three decades. Momentum is originally a Latin word,
which literally means “movement” or “moving power”. Related to this, early to most



recent conceptualizations of PM assume it is a dynamical phenomenon. In 1981, Adler
explained PM as “a state of dynamic intensity marked by an elevated or depressed rate in
motion, grace, and success’ (p. 29). Recently, Gernigon et al. (2010) defined PM as “a
positive or negative dynamics of cognitive, affective, motivational, physiological, and
behavioral responses (and their couplings) to the perception of movement toward or away
from either an appetitive or aversive outcome” (p. 397).

Every conceptualization of PM stresses that it includes a number of psychological variables
that change when individuals move toward, or away from, the goal to be reached (Adler,
1981; Gernigon et al., 2010; Markman and Guenther, 2007; Vallerand et al., 1988).
Nevertheless, “traditional” research methods have not yet been able to provide insights into
how PM continuously changes over time. Indeed, PM has mostly been studied at only
three (e.g., Shaw et al., 1992; Stanimirovic and Hanrahan, 2004) or four (Perreault et al.,
1998) measurement occasions, thereby providing little information about its dynamics. The
intensity of PM has, however, been assumed to undergo changes (amplification or
reduction) during a competition (Adler, 1981), an assumption that is consistent with earlier
findings that changes in affect—a psychological content of a PM experience (e.g., Taylor
and Demick, 1994)—are determined by perceived changes in the velocity of approaching a
goa (Carver and Scheier, 1990; Hsee et al., 1994).

Recently, Gernigon and colleagues examined in more detail how various psychological
variables change during momentum (Briki et al., in press; Gernigon et al., 2010). Gernigon
et al. (2010, Experiment 1) studied the influence of a positive momentum scenario (i.e.,
winning ten points in a row) on the dynamics of competitive anxiety and self-confidence
when participants empathized with a table tennis player on a screen. Cognitive
anxiety—negative concerns about performance—and somatic anxiety—perceptions of
bodily symptoms of competitive anxiety—were found to decrease linearly, while self-
confidence was found to increase linearly. Based on these results, Gernigon et al. (2010)
concluded that positive PM develops gradually. Examining PM qualitatively, Briki et al.
(in press) interviewed table tennis players and swimmers individualy about PM
experiences during an important competition. Results showed that positive PM was related
both to increases in positive affect (e.g., self-confidence) and to decreases in negative affect
(e.g., anxiety). Furthermore, positive PM appeared to emerge in response to an unexpected
positive event or situation, which was more favorable than the current situation. This
finding suggests that positive PM can suddenly emerge, and hence increase abruptly.

The above mentioned recent studies refined the understanding of PM by focusing on its
dynamics (Briki et al., in press; Gernigon et al., 2010). However, one point about PM
dynamics still needs to be clarified: On the one hand, Gernigon et al.’s (2010) quantitative
results, obtained through an experimental design in which participants had to empathize
with a player, suggested that positive PM changes gradually. On the other hand, Briki et
al.’s (in press) qualitative results, stemming from actual experiences of PM, suggested that
PM may emerge abruptly. Whereas a qualitative method is a proper way to study
phenomena within natural contexts, quantitative methods are better suited to assess changes
in psychological variables. However, to date no research has addressed the dynamics of



PM quantitatively in a natural context. Hence, the first purpose of the present research was
to gain more insights into the dynamics of PM by quantitatively assessing continuous
changesin athletes’ competitive anxiety and self-confidence during a sport competition.

Although both competitive anxiety and self-confidence are considered as important
performance-related variables involved in PM (Adler, 1981; Cornelius et al., 1997,
Gernigon et al., 2010; Miller and Weinberg, 1991), there is little consistent evidence on the
relationship between these variables in sport-performance contexts. According to Martens
et al. (1990), cognitive anxiety and self-confidence are bipolar constructs. In other words,
negative concerns about performance would change in the opposite direction of feelings of
self-confidence. In contrast, other authors considered these two variables to be distinct and
orthogonal constructs (e.g., Woodman and Hardy, 2003). Examining this question,
Gernigon et al. (2002) used a procedure adapted from Vallacher and colleagues mouse
paradigm (e.g., Vallacher et al., 2002). To be more specific, Gernigon et al. (2002) asked a
volleyball player to continuously indicate her feelings of anxiety and self-confidence by
moving a cursor on a computer screen. The researchers found that these variables could
successively display a variety of patterns of relationships (i.e., positive, negative, and
neutral) during very short periods in time. However, because earlier research revealed that
PM is characterized by opposite fluctuations of competitive anxiety and self confidence
(Gernigon et al., 2010), it isinteresting to examine whether the relationships between these
variables remain stable during PM. Therefore, the second purpose of the present research
was to test the relationships between competitive anxiety and self-confidence during the
experience of PM.

Given that the nature of a PM experience may depend on the sports context (Briki et al., in
press), we studied the dynamics of, and relationships between, competitive anxiety and
self-confidence during PM in both table tennis (Study 1) and swimming (Study 2). These
two sports were chosen, because they have different characteristics: Table tennis involves
competitions against one opponent, variation in players actions, discrete feedback of
performance, and requires attention, decision making, fine motor control, and discontinuous
efforts because of the pauses between exchanges. Swimming, on the other hand, involves
competitions against several opponents, repetitive movements, and necessitates intensive
and continuous physiological energy expenditure. Moreover, table tennis and swimming
lend themselves well for research applying a timely mouse paradigm procedure, because
table tennis games and swimming races are often completed within a short time frame.

2. Study 1: The dynamics of psychological momentum in tabletennis

Although PM can evolve either gradualy or abruptly (Adler, 1981), Gernigon et al.’s
(2010) findings reveded a gradual change in anxiety and self-confidence during positive
PM. However, Gernigon et al.’s (2010) study was based on virtual situations rather than
natural sport situations, which may have lessened the psychological impact of positive
momentum. Consequently, while cognitive anxiety and somatic anxiety were expected to
decrease during PM, and self-confidence was expected to increase, no hypotheses were



stated about the rate of the changes. Finally, because of their hypothesized simultaneous
decrease, cognitive and somatic anxiety should be positively related during positive PM.
Furthermore, because self-confidence was expected to increase, this variable should be
negatively correlated with both cognitive and somatic anxiety.

2.1. Method

2.1.1. Participants

Five French table tennis players, competing at national level, volunteered to participate in
this study. They were recruited from several clubs in the south of France with the consent
of their presidents and coaches. The average age of the participants was 22.4 years (D =
3.36), and on average they participated 5.2 years (SD = 3.27) in national level competitions.
The participants were assured that their data would be treated confidentially.

2.1.2. Procedure

The protocol of the study was approved by the ethica committee, and consisted of the
following three phases: Video recordings of the matches, identification of PM phases, and
dynamical measurements of the variables under study.

The competitions were recorded with a digital camera placed on atripod at a three-quarter
angle behind the participant, thereby providing an optimal view of the match. From oneto
five days after the recordings, the study was carried out with each participant individually
either in aroom of the club or University. In both cases, a research device including two
laptops was placed on a table. The first laptop was used for the measurements, while the
second laptop was placed behind and above the first laptop, and showed the video of the
competition.

Before starting the measurements, the researcher informed the participant about his interest
in PM. Because the word momentum does not exist in French, the concept was explained
by idiomatic expressions as “having the wind in one’s sails’ and “spiraling up”. We chose
such expressions to avoid a PM description including the psychologica variables of
interest, which could have influenced the participants responses during the study. Then,
each participant was asked to recall whether he had a PM experience in one of the recorded
games. To facilitate hisrecall, the researcher presented the participant a sheet on which the
scoring scenario for each match was shown. If the participant selected a specific game, he
watched this game on the upper screen while listening to the surrounding sounds of the
match with a headphone for a vivid re-experience. Next, the researcher asked whether or
not the game really contained a PM experience. When the participant confirmed this
guestion, he was asked to watch the whole game again, and to precisely identify when the
PM experience started and ended.

Subsequently, the psychological variables under study were measured by using the mouse
paradigm procedure (e.g., Vallacher et al., 2002), which was installed on the first laptop.
With this procedure, the participant could indicate his moment-to-moment levels of the



psychological state of interest, while watching the game on the screen of the second
computer. The participant sat in front of both laptops with a computer mouse at the side of
his dominant hand. First, he read the instructions on the first laptop, explaining how to use
the computer mouse to indicate his moment-to-moment levels of a certain psychological
state. Then, on a second screen the participant could practice using the mouse paradigm for
about 30 s. Moving the mouse entailed movements of a cursor along a 640-pixel horizonta
axis at the bottom of the screen.

The exercise was followed by the actual measurements of the variables. Before each
measurement, the participant read a short instruction on the first laptop, and had the
opportunity to ask for clarification. He was then asked to place the cursor at the starting
position, which was a thick mark at the middle of the axis. Subsequently, the participant
executed the mouse procedure while watching a video, beginning 15 s before the start of his
indicated PM phase, and ending 15 s after his indicated PM phase (unless the phase of PM
ended within 15 s before the end of the game). The first 15 s aimed to give the participant
the opportunity to move the cursor from itsimposed initial position at the middle of the axis
to the position corresponding to his actual state. The last 15 s aimed to prevent the PM
experience from influencing the participant’ s response to the next item.

2.1.3. Measures

The moment-to-moment levels of the psychological variable under study were reflected by
the continuously varying positions of the cursor on the horizontal axis between “not at all”
at the left side (O pixels) and “very much so” at the right side (640 pixels). The item of the
variable was placed in the middle of the screen, above the horizontal axis. While the
participant moved the cursor with the computer mouse to indicate his levels of the
psychological variable in question, a program recorded the distance (in pixels) between the
position of the cursor and the left end of the axis five times per second (i.e., 5 Hz). In this
way, atime series of distances was generated for the duration of the video. This procedure
was repeated after the measurement of each variable, until all three variables—cognitive
anxiety, somatic anxiety, and self-confidence—were assessed. @~ The variables were
successively presented in arandom order for each participant.

To check the accuracy of the indicated PM experience, the actual measurement started with
the presentation of a single item reflecting PM, which was “I am in a positive spiral”. This
item was constructed on the basis of a prevalent French expression highly related to the
phenomenon of PM in both sport and everyday life. For al participants, the start of the PM
experience corresponded exactly to an increase in the measured level of PM. The items of
cognitive anxiety, somatic anxiety, and self-confidence were selected from the Competitive
State Anxiety Inventory 2 Revised (CSAI-2R; Martinent et al., 2010), which is a French
adaptation of the Cox et al.’s (2003) CSAI-2R. The cognitive anxiety item was “l am
concerned about losing”; the somatic anxiety item was “My body feels tight”; and the self-
confidence item was “| feel sef-confident”. In Martinent et al.’s (2010) psychometric
validation of the complete questionnaire, these items displayed satisfactory loadings on
their respective factors (cognitive anxiety: .76; somatic anxiety: .64; self-confidence: .75).



2.1.4. Analyses

For al participants, both the first and last 15 s (i.e., 75 data points each) were deleted,
which means that the analyses were carried out on the data corresponding to the length of
the PM experience. Each experience of PM had a different length: 32 s (i.e.,, 160 data
points) for player A; 88 s (i.e., 440 data points) for player B; 59.2 s (i.e., 296 data points)
for player C; 39.2 s (i.e., 196 data points) for player D; and 43.2 s (i.e., 216 data points) for
player E. Before analyzing the data, time series were reduced to a common amount of 160
data points, thus matching the shortest series. These reductions were carried out
proportionally over the total length of the time series to preserve the fluctuations of the
variables over the entire PM phase. For instance, player B’s time series of 440 data points,
which was 2.75 (i.e.,, 11/4) times longer than player A’s time series, was reduced by
deleting seven out of every 11 data points over the entire time series.

Two kinds of analyses were performed in this study: Curve estimation and correlation
analyses. First, we regressed the variables on time with a curve estimation procedure to fit
the data points of each variable. Then, we analyzed the first-, second-, and third order
trends of the regression function. The first-order trend accounts for the linear term (fixed
ratio), whereas second-order (quadratic) and third-order (cubic) trends account for the
nonlinear terms (one or two changes in the ratio, respectively). Equation 1 presents the
form of the regression function:

F(X) =B+ B X+ ByX?+B3X?, 1)

where F(X) is the estimate of the value of the variable; X istime; By is the intercept; and By,
B,, and B; are the unstandardized regression coefficients for the linear-, quadratic-, and
cubic terms, respectively.

Regularities and changes in the slope of the regression function of the variable in question
were obtained by the derivative function of F(X), reflected by equation 2:

F'(X) =By + 2B, X + 3B3 X 2. 2

Positive, negative, and null derivatives indicate increasing, decreasing, and constant slopes
of the regression function, respectively. That is, a positive and positively sloped derivative
curve indicates that the slope of the regression function increases more and more. A
positive and negatively sloped derivative curve indicates that the slope of the regression
function increases less and less. A negative and positively sloped derivative curve indicates
that the slope of the regression function decreases less and less. A negative and negatively
sloped derivative curve indicates that the slope of the regression function decreases more
and more.

Second, correlation analyses were run between the time series of cognitive anxiety, somatic
anxiety, and self-confidence, both for the entire time series and within a moving window of
data. This windowed correlation analysis (e.g., Boker et al., 2002) aimed to examine
changes over time in the relationship between two variables. For the present use of this



analysis, Pearson’s coefficient was calculated within a window including a fixed number of
data points of two time series. After the first correlation was computed, the window moved
forward one data point and computed a second correlation, and so forth until the window
had covered the whole series. The correlation coefficients thus obtained were plotted to
revea how the degree of correlation between the variables evolved over time. To ensure a
sufficient number of observations for statistically powerful correlation analyses, and to
permit the window to move forward a high number of steps, the width of the window was
set at 41 out of the 160 data points.

2.2. Results

2.2.1. Curveestimation
The regression results deriving from the curve estimation procedure are displayed in
Table 1, and the graphs of the regression and derivative functions are shown in Figure 1.

Regarding cognitive anxiety, negative linear and quadratic trends, as well as a positive
cubic trend were significant (p < .001). The linear trend accounted for 94.3% of the
variance, to which the quadratic trend added 3.3%, and the cubic trend added a negligible
part. The graph shows that cognitive anxiety starts with a dow decrease, and then
decreases more and more almost until the end of the PM phase. Finaly, this decrease
becomes nearly constant.

The dynamics of somatic anxiety included significant negative linear and quadratic trends,
as well as a positive cubic trend (p < .001). The linear, quadratic, and cubic trends
accounted for 98%, 0.5%, and 0.1% of the total variance, respectively. The graph shows
that somatic anxiety decreases slowly at the start. Then, it decreases more and more almost
until the end of the PM phase. Finaly, this decrease becomes constant.

Concerning self-confidence, positive linear and cubic trends, as well as a negative quadratic
trend were significant (p < .001). The linear, quadratic, and cubic trends accounted for
87.5%, 4.9%, and 2.3% of the total variance, respectively. The graph shows that, after
starting with an abrupt increase, self-confidence increases less and less until two-third of
the PM phase. Then, the rate of this increase stabilizes, after which it increases again until
the end of the PM phase.



Table 1. Summary of Curve Estimation Results for Cognitive Anxiety, Somatic Anxiety, and Self-Confidence in Table tennis.

Variables Dimensions R2 (cum.) Rechange F Bo B:1 B, Bs
Cognltlve Linear 943 2596.98*** 439.30 -1.53
Anxiety

Quadratic .976 .033 3149.84*** 409.16 -41 -01

Cubic .976 .000 2124.26*** 405.05 -11 -01 1.9x10°
Somatic Anxiety  Linear .980 7595.81%** 42294 -1.77

Quadratic .985 .005 5301.98*** 408.63 -1.24 -.00

Cubic .986 .001 3566.25%**  405.28 -.99 -01 1.6 x 10
Sdlf-confidence Linear .875 1108.47*** 247.20 1.91

Quadratic .924 .049 960.98***  199.43 3.68 -.01

Cubic .947 .023 926.18***  160.62 6.53 -.06 1.8 x 10™

Note. By = intercept of the regression function; B; = unstandardized regression coefficient of the first order trend; B, =
unstandardized regression coefficient of the second order trend; B; = unstandardized regression coefficient of the third order

trend.
*** n<.001.
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Figure 1. Trajectories of raw data (in pixels) according to time, regression function, and derivative function for cognitive anxiety
(A), somatic anxiety (B), and self-confidence (C) in table tennis.

Note. The zero derivative value is marked with the horizontal dotted line. The grey area above and below the uninterrupted line
represent the standard deviations of the raw data.



2.2.2. Interrelationships between variables

Pearson correlation analyses revealed a high positive relationship between cognitive
anxiety and somatic anxiety (rasg) = .98, p < .001). A high negative correlation was found
between cognitive anxiety and self-confidence (r(1s9) = -.89, p < .001), as well as between
somatic anxiety and self-confidence (r(isg) = -.93, p < .001).

Concerning the relationships between the variables over time (see Figure 2), correlations
between cognitive anxiety and somatic anxiety ranged from moderately positive (r g = .63,
p < .001) to highly positive (rag = .98, p < .001). The correlations between cognitive
anxiety and self-confidence varied from highly negative (raq = -.98, p < .001) to
moderately negative (rug = -.55, p < .001). The correlations between self-confidence and
somatic anxiety ranged from highly negative (g = -.98, p < .001) to moderately negative
(r(40) =-.35, p<.001).

Cognitive anxiety-Self-confidence
— — Somatic anxiety-Self-confidence

- - - - Cognitive anxiety-Somatic anxiety
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Figure 2. Relationship between cognitive anxiety and self-confidence, somatic anxiety and
self-confidence, and cognitive anxiety and somatic anxiety over timein table tennis.

2.3. Discussion

One purpose of this study was to examine the dynamics of competitive anxiety and self-
confidence during PM experiences that were identified by table tennis players. Overal,



cognitive and somatic anxiety decreased during PM, whereas self-confidence increased.
These results support previous research findings that progressing toward a desired goal
reduces competitive anxiety (Gernigon et al., 2010) and increases self-confidence
(Gernigon et al., 2010; Shaw et al., 1992; Stanimirovic and Hanrahan, 2004).

Competitive anxiety and self-confidence showed mainly a linear dynamics, supporting
previous research that found these variables to gradually change during PM (Gernigon et
al., 2010). However, the dynamics of self-confidence also included slight quadratic and
cubic trends, which can be explained by the abrupt increase at the start of the PM phase.
Unlike competitive anxiety, self-confidence seems to react more strongly when gaining PM
in an actual competition, compared to a virtual competition as in Gernigon et al.’s (2010)
study. Nevertheless, regardless of the nature of the competition, competitive anxiety and
self-confidence have been consistently found to change in specific directions, which
supports the notion that competitive anxiety (Briki et al., in press; Gernigon et al., 2010)
and self-confidence (e.g., Briki et al., in press; Gernigon et al., 2010; Shaw et al., 1992;
Stanimirovic and Hanrahan, 2004) are variables characterizing PM.

The present study also aimed to examine how cognitive anxiety, somatic anxiety, and self-
confidence are interrelated during PM. Correlation analyses revealed strong positive
relationships between cognitive anxiety and somatic anxiety, while their relationship over
time ranged from moderately positive to strongly positive. Moreover, we found a strong
negative relationship between salf-confidence and the two forms of anxiety, and their
relationship over time ranged from moderately negative to strongly negative. These
findings shed a new light on the nature of the relationship between competitive anxiety and
self-confidence (Martens et al., 1990; Gernigon et al., 2002). By consistently driving the
levels of competitive anxiety and self-confidence downward and upward, respectively, the
experience of PM maintains a negative relationship between these variables.

3. Study 2: The dynamics of psychological momentum in swimming

The previous study addressed PM in table tennis, a sport having its own unique
characteristics. However, our ecological focus also requires an exploration of the dynamics
of PM in a sport with different characteristics. Hence, this second study aimed to replicate
Study 1 in swimming. Hypotheses were based on the findings of Study 1. First, cognitive
anxiety and somatic anxiety were expected to decrease, whereas self-confidence was
expected to increase. In addition, cognitive anxiety and somatic anxiety as well as sdlf-
confidence were expected to be mainly characterized by linear dynamics. Moreover, both
forms of anxiety were expected to gradually decrease during the entire PM experience,
while self-confidence was expected to increase abruptly at the start of PM. Regarding the
interrelationships among these variables, the two forms of anxiety were expected be
positively correlated during PM, while they were expected to be negatively related to self-
confidence.



3.1. Method

3.1.1. Participants

Four male swimmers, competing at national and international level, gave their consent to
participate in this second study. The swimmers were speciaists at the 50m, 100m, and/or
200m. Their average age was 24.3 years (SD = 2.4), and on average they participated 4.75
years (SD = 1.26) at their current level. The participants were assured that their data would
be treated confidentially.

3.1.2. Procedure and measures

Swimmers were asked whether they had a recent video of a race in which they had a PM
experience. If we received a confirming response, an appointment was made to carry out
the study in a room at the university. The procedure of the study was the same as in
Study 1.

3.1.3. Analyses

The experiences of PM corresponded to 32 s (i.e., 160 data points) for swimmer A; 34 s
(i.e., 170 data points) for swimmer B; 40 s (i.e., 200 data points) for svimmer C; and 58 s
(i.e., 290 data points) for swvimmer D. All time series were reduced to the length of the
shortest time series, corresponding to 160 data points, following the same method as in the
previous study. Subsequent analyses were identical to Study 1.

3.2. Results

3.2.1. Curve estimation
The regression results of the curve estimation procedure are summarized in Table 2, and the
graphs of the regression and derivative functions are shown in Figure 3.

Cognitive anxiety displayed significant negative linear and cubic trends, as well as a
positive quadratic trend (p < .001). The linear, quadratic, and cubic trends accounted for
66.6%, 15.7%, and 16.5% of the total variance, respectively. The graph shows that, after
starting with an abrupt decrease, cognitive anxiety decreases less and less almost until the
middle of the PM phase. Then, the level of this variable remains stable for a while before
decreasing abruptly again at the end of the PM phase.

Regarding somatic anxiety, positive linear and quadratic trends, as well as a negative cubic
trend were significant (p < .001). The linear, quadratic, and cubic trends accounted for
28.6%, 46.5%, and 8.9% of the total variance, respectively. The graph shows that somatic
anxiety decreases less and less until the end of the first quarter of the PM phase. Next, it
increases more and more almost until the end of the third quarter, to then finish quite stable.



Table 2. Summary of Curve Estimation Results for Cognitive Anxiety, Somatic Anxiety, and Self-Confidence in Svimming.

Variables Dimensions RZ(cum.) Rechange F Bo B B, Bs
Y] * k% -
Cognltlve Linear 666 315.66 243.20 111
Anxiety
Quadratic  .823 157 364.01***  299.82 -3.21 01
Cubic .988 165 4161.82*** 370.00 -8.36 .09 -3.3x 10"
Somatic Anxiety  Linear .286 63.42%** 195.43 20
Quadratic  .751 465 236.88***  222.27 -.79 01
Cubic .840 .089 272.05***  236.38 -1.83 .02 -6.6 x 10°
Self-confidence Linear 240 49.76*** 468.97 47
Quadratic  .450 210 64.20*** 424.07 2.17 -.01
Cubic 972 522 1838.70*** 336.85 8.57 -11 4.1 x 10"

Note. By = intercept of the regression function; B; = unstandardized regression coefficient of the first order trend; B, =
unstandardized regression coefficient of the second order trend; B; = unstandardized regression coefficient of the third order

trend.
*** n<.001.
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Figure 3. Traectories of raw data (in pixels) according to time, regression function, and derivative function for cognitive
anxiety (A), somatic anxiety (B), and self-confidence (C) in swimming.

Note. The zero derivative value is marked with the horizontal dotted line. The grey area above and below the uninterrupted line
represent the standard deviations of the raw data.



Self-confidence displayed significant positive linear and cubic trends, as well as a negative
quadratic trend (p < .001). The linear, quadratic, and cubic trends accounted for 24%, 21%,
and 52.2 % of the total variance, respectively. The graph reveals that the increase of self-
confidence is abrupt at the start of the PM phase. Self-confidence then increases less and
less until the end of the first third of the PM phase, after which a slight decrease setsin until
the end of the third quarter. Then, self-confidence increases more and more until the end of
the PM phase.

3.2.2. Interrelationships between variables

Pearson correlation analyses did not reveal a significant relationship between cognitive and
somatic anxieties (p > .05). A high negative correlation was found between cognitive
anxiety and self-confidence (r(1sq = -.88, p < .001), whereas alow negative correlation was
found between somatic anxiety and self-confidence (r(isq) = -.26, p < .001).

With regard to the relationship between the variables over time (see Figure 4), correlations
between cognitive anxiety and somatic anxiety ranged from highly negative (r o = -.98, p
< .001) to highly positive (rg = .83, p <.001). Correlations between somatic anxiety and
self-confidence also ranged from highly negative (rag = -.94, p < .001) to highly positive
(rao = .89, p < .001). The correlations between cognitive anxiety and self-confidence
varied from highly negative (r o = -.97, p < .001) to non significant (p > .05).

Cognitive anxiety-Self-confidence
— — Somatic anxiety-Self-confidence

- - - Cognitive anxiety-Somatic anxiety

Figure 4. Relationship between cognitive anxiety and self-confidence, somatic anxiety and
self-confidence, and cognitive anxiety and somatic anxiety over timein swimming.



3.3. Discussion

This second study aimed to examine the dynamics of cognitive anxiety, somatic anxiety,
and self-confidence during PM experiences of swimmers. Although the dynamics of
cognitive anxiety was largely linear, quadratic and cubic trends also explaned a
considerable part of the variance. Cognitive anxiety displayed an abrupt decrease, which
was followed by a phase of stability, and ended with another abrupt decrease. This pattern
could be interpreted in light of the findings of Briki et al.’s (in press) qualitative study on
PM. The first abrupt decrease might stem from a dissonance mechanism, causing a sudden
emergence of PM. According to Briki et al. (in press), this mechanism corresponds to the
perception of a discrepancy between an established situation or feeling (e.g., not feeling
very strong) and an unexpectedly occurring event that is contradictory to that situation or
feeling (e.g., realizing that one is ahead). Indeed, according to Carver and Scheier (1990)
and Hsee et al. (1994), the more abrupt the change in the perceived rate of moving toward a
goal, the greater and more sudden the change in affect. The stability phase may correspond
to a period that Briki et al. (in press) called checking positive momentum, during which
athletes assess whether their momentum is well established after its emergence. The
swimmers in our study may have had some worries as long as they were not sure of their
momentum. Then, once they noticed they had a comfortable lead, their worries could drop,
which would explain the final abrupt decrease in cognitive anxiety.

The dynamics of somatic anxiety was mainly quadratic, but the linear and cubic trends also
accounted for a fairly large and moderate part of the variance, respectively. Somatic
anxiety started with a slight decrease until the end of the first quarter of the PM phase,
followed by a dlight increase till the end of the PM phase. This finding is not consistent
with the hypothesized linear dynamics, nor the continuous decrease of somatic anxiety as
found by Gernigon et al. (2010). The inconsistency might be due to the fact that Gernigon
et al.’s (2010) experiment was based on virtual experiences of PM, whereas the present
study was based on actual PM experiences. Y et another plausible reason is the ambiguity
of the somatic anxiety item, which referred to body tightness. In swimming, body tightness
may be caused by both physiological fatigue and anxiety; thus the moment-to-moment
levels of the swimmers’ indicated somatic anxiety might have reflected either their fatigue
or their somatic anxiety. Hence, to capture somatic anxiety in swimming, a focus on other
physiological manifestations of this variable, such as feeling that “on€’'s stomach is
sinking” (Cox et al., 2003), may be better suited.

The self-confidence dynamics was mostly cubic, and to a lesser extent explained by linear
and quadratic trends. Three phases could be distinguished: An abrupt increase, a phase of
stability, and another abrupt increase. It is remarkable that the graphs of cognitive anxiety
and self-confidence are nearly symmetrical. Therefore, the same explanations that were
provided for the dynamics of cognitive anxiety could also apply to the dynamics of self-
confidence.

Another purpose of the present study was to examine the interrelationships between the
variables under study. Consistent with the symmetry between the graphs of cognitive



anxiety and of self-confidence, the general relationship between these variables was
strongly negative. Over time, the relationship between cognitive anxiety and self-
confidence ranged from strongly negative to neutral. It should, however, be noted that the
neutral relationship was only shortly present around the end of the phase that both cognitive
anxiety and self-confidence remained nearly stable. This may not come as a surprise,
because the variables did not show aclear increase or decrease at that time. Nevertheless, a
strong negative relationship was found between cognitive anxiety and self-confidence over
amost the entire PM phase. This isin line with the results of Study 1, and supports the
assumption that the experience of PM maintains negative relationships between anxiety and
self-confidence by driving their dynamics downward and upward, respectively.

Contrary to our expectations, cognitive anxiety and somatic anxiety were not significantly
correlated, and their relationship over time ranged from highly negative to highly positive.
Moreover, the genera relationship between somatic anxiety and self-confidence was
moderately negative, while their relationship over time also ranged from highly negative to
highly positive. These findings are not consistent with those of Study 1 nor with Gernigon
et al. (2010), who showed similar changes in cognitive and somatic anxiety during PM,
which were in the opposite direction of the changesin self-confidence. Again, these results
remain difficult to interpret due to the aforementioned ambiguity of the somatic anxiety
item we used.

4. General discussion

The purposes of the present research were to examine both the dynamics of, and the
relationships between, competitive anxiety and self-confidence during PM experiences in
natural sport settings. We found evidence that positive PM is a dynamical phenomenon. In
general, competitive anxiety decreased and self-confidence increased, which supports
previous research showing similar changes in competitive anxiety (Gernigon et al., 2010)
and salf-confidence (Gernigon et al., 2010; Shaw et al., 1992) during PM.

Beyond the genera trends, self-confidence was found to change abruptly for both table
tennis players and swimmers, as soon as PM was triggered. The high sensitivity of self-
confidence to PM whatever the type of activity supports the view that self-confidence is
one of the key variables of PM (Jones and Harwood, 2008; Taylor and Demick, 1994).
Cognitive anxiety also changed abruptly at the start of PM, but only in swimming. The
difference between table tennis players and swimmers with regard to the dynamics of
anxiety indicates that the dynamics of PM may differ for different sports (Briki et al., in
press). The more abrupt change in cognitive anxiety for swimmers at the start of PM might
be due to the fact that gaining momentum generates stronger expectancies of future success
in a swimming race. To be more specific, one cannot be stuck on the spot while the
opponents advance in a swimming race. In table tennis, on the other hand, one can head
towards the win, but then gain no more points while the opponent scores more and more
points and catches up.



More generally, for table tennis players the dynamics of the variables under study were
mainly linear, whereas more nonlinear dynamics were observed for swimmers. The greater
nonlinearity we found in the swimming study could be due to the lack of comparison
feedback that swimmers receive during the race. Whereas table tennis players are informed
of the scoring point after point, swimmers can only get a clear picture of their position in
the race when turning, or when making an effort to look at the neighboring lanes. As a
result, having gained momentum swimmers would experience a greater uncertainty about
their position in relation to the opponents, compared to table tennis players. This prompts
the swimmers to engage in the checking behaviors as found by Briki et al. (in press), and
lead to atemporal cease in the (abrupt) decrease and increase in their worries and feelings
of confidence, respectively. Overall, these findings evidence that the experience of PM is
ecologically embedded (Briki et al., in press).

Considering the relationships between the variables under study, cognitive and somatic
anxieties were strongly positively related in the first study, whereas these variables were
found to relate strongly negatively to self-confidence. In the second study, cognitive
anxiety and self-confidence showed a strong negative correlation as well. Besides, with the
exception of a short period of a non significant relationship between cognitive anxiety and
self-confidence in Study 2, both studies revealed the mentioned kinds of relationships from
the start until the end of the PM phase. Therefore, compared to other sport situations in
which the relationship between anxiety and self-confidence undergoes abrupt variations
(Gernigon et al., 2002), the experience of PM seems to constraint the relationship between
these variables.

This research presents the first attempt to quantitatively capture the dynamics of PM in
actual sport competitions. However, two limitations should be addressed. First, because
the mouse paradigm procedure is a retrospective method it carries the risk of recal bias.
However, to minimize this bias, the measurements were carried out as soon as possible
after the recorded competitions. Second, the somatic anxiety item we used may not have
clearly distinguished body tightness due to somatic anxiety from body tightness due to
exerted effort and fatigue.

To conclude, the present findings incite to pursue the examination of PM dynamics in
actual sport performance settings. Further studies need to be carried out on other
dimensions of PM, such as perceptions and cognitions, which are aso involved in PM
(Briki et al., in press). Finaly, it would be fruitful to examine the dynamics of negative
PM because recent research suggests that positive and negative PM are characterized by
specific dynamics (Briki et al., in press; Gernigon et al., 2010).
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