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Abstract

Motivation is an important factor in getting athletes to reach their maximal
potential, but no questionnaire or scale to observe motivation during exercise
has been developed. Objective: The first aim of this study was to test the va-
lidity and the reliability of a new French Multidimensional Motivation Scale
during Effort (MMSE) constructed to determine Intrinsic Motivation (IM),
External Regulation (ExtR), Introjected Regulation (IntroR), Identified Regu-
lation (IdentR), Integrated Regulation (IntegR) and Amotivation (Am). The
second aim was to use it during intermittent exercises to understand how mo-
tivation evolves with intensity and fatigue. Methods: A hundred and four trained
athletes answered the French version of BREQ-3 and French MMSE before
the protocol. Then, they performed a running test-retest (Test 1 and Test 2)
around one loop (770 m) at level 4 of the CR10 Borg scale. Then, they were
asked to perform five loops at the intensity of effort 2, 4, 6, 8 and 10 using the
same scale (Test 3). Finally, 28 of these athletes were asked to perform more
series of 20 squat jumps without charge until exhaustion (Test 4). Results:
The results show that all motivational parameters of MMSE were correlated
with BREQ-3, except for Am. No motivational parameter was significantly
different between Test 1 and Test 2, and they were significantly correlated.
During Test 3, IM was significantly reduced with intensity (-34.6%; p <
0.001) whereas the increase of IntegR (+17.3%; p < 0.001) helped to maintain
a motivational reserve. During Test 4, the diminution of power output (-15.3%,
P < 0.05) and the velocity (-19.1%, p < 0.05) were associated with an impor-
tant decrease of IM (—81.2%, p < 0.001) and a slight decrease of IdentR (-37.3%,
P <0.001) and ExtR (-32.6%, p < 0.05). Conclusion: MMSE is valid and re-
liable to measure motivation during exercise. Autonomous parameters of mo-
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tivation were the most evolving with the intensity of effort and fatigue.
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1. Introduction

Motivation is a psychological construct that moves people to act, think and de-
velop (Deci & Ryan, 2008). In sports, high motivation is accepted as an impor-
tant factor in getting athletes to reach their maximal potential, in particular, to
pursue the effort despite the occurrence of fatigue (Baron et al., 2018). It can be
defined as the force that energizes and directs behavior (Roberts & Treasure,
2012). Numerous scientific articles are about motivation (Buckworth et al., 2007;
Gunnell et al., 2014). Typically, it was considered that the stronger the motivation,
the greater the achievement and the more successful one’s functioning (Bandura,
1996; Baumeister & Vohs, 2007). Conversely, Self-Determination Theory (SDT)
claims that the quality of the motivation predicts specific outcomes, such as
optimal and effective functioning, rather than the quantity of motivation (Ryan
& Deci, 2017). SDT is one of the most popular approaches to motivation in
sports (Deci & Ryan, 2013) and is considered as central in explaining motivation
(Howard et al., 2017). It proposes a multidimensional concept of motivation
which developed the idea that intrinsic and extrinsic reasons for behaving will
lead to differential performance and well-being outcomes for individuals (Deci
& Ryan, 2013). While intrinsic motivation refers to behaviors adopted for their
own sake, extrinsic motivation is defined as doing something for an instrumen-
tal reason and can come in many forms. Howard et al. (2017) explained that mo-
tivated behavior can be divided into volitional (i.e. “I want to do this”) and
non-volitional action (i.e. “I have to do this”) and that extrinsic motivation is di-
vided into different forms varying in a locus of the degree of internalization.

Hence, different categories of behavioral regulations exist and lie on a conti-
nuum of self-determination (Ryan & Deci, 2017). From the most to the least
self-determined, these categories are placed as follows:

Intrinsic Motivation (IM), Integrated Regulation (IntegR), Identified regula-
tion (IdentR), Introjected Regulation (IntroR) and External Regulation (ExtR).

Intrinsic Motivation is characterized by the pleasure directly induced by the
activity and by the interest in the practice. It refers to doing an activity for the
pleasure and satisfaction derived from participation (Sheehan et al., 2018). Ex-
ample in sports: This sport is pleasant.

The IntegR characterizes an athlete whose engagement in the activity is per-
ceived as a part of his identity. It is when people perform an activity that is consis-
tent with their values (Frielink et al., 2021). Example in sports: This sport represents

values that are important to me and make me proud.
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Identified regulation (IdentR): It corresponds to the behaviors seen as perso-
nally meaningful. People perform an activity because they value its importance
and consider it to be beneficial for achieving their goals (Frielink et al., 2021).
Example items, “I value the benefits of exercise” (Markland & Tobin, 2004). Example
in sports: I think it’s useful to become more efficient.

Introjected Regulation (IntroR): It represents internal pressure. Behavior is
induced to achieve recognition or avoid personal feelings of guilt or shame, or en-
hance self-esteem.

Example in Sports: I would feel bad if I couldn’t finish my training.

External Regulation (ExtR): Behavior is not choiceful but is influenced by psy-
chological pressure. The athlete acts in order to obtain material or social reward
from external sources such as a coach or parents. Example in sports: I feel com-
pelled to do my training today.

Amotivation (Am): It corresponds to the lack of desire to engage in the beha-
vior. Example in Sports: I can’t find a reason to play tennis.

Different outcomes are induced by these distinct types of motivations (Frie-
link et al., 2021). Intrinsic motivation, integrated motivation and identified mo-
tivation, are often referred to as autonomous motivation and known to be more
self-determined. They are associated with an increase in levels of physical activi-
ty (Levesque et al., 2007) and in life satisfaction and well-being (Ryan & Deci,
2017). Introjected motivation and external motivation are often referred to as
controlled motivation and correspond to less self-determined types of motiva-
tion. They are known to be associated with negative outcomes such as depres-
sion (Levesque et al., 2007) psychological and physical ill-being (Ryan & Deci,
2017). Amotivation is associated with the most maladaptive outcomes (Ryan &
Deci, 2000).

Studying motivation is of great importance, as it provides a theoretical and
practical insight into why one initiates, regulates, sustains, directs and disconti-
nues behavior (Clancy et al., 2017). Methodologically rigorous measurement is
wanted to assess, apprehend, and predict the impact of any psychological con-
struct on human behavior (Clancy et al., 2016). Self-document questionnaires
are the most generally used dimension gear in motivation studies. Mainly, in
sports psychology, there are a lot of motivation questionnaires (Clancy et al.,
2016). Hence, Mayer et al. (2007) figured out over 75 questionnaires on motiva-
tion. Among these, the Behavioural Regulation in Exercise Questionnaire (BREQ)
proposed by Mullan et al. (1997) was the first attempt to develop an instrument
capable of tapping behavioral regulation according to SDT in the exercise do-
main (Cid et al., 2018). The BREQ assesses external, introjected and identified
regulation, as well as intrinsic motivation, and several studies have provided
support for its validity and reliability. Respondents reply to the question “Why
do you engage in exercise?” on a scale ranging from 0 (“not true for me”) to 4
(“very true for me”) (Cavicchiolo et al., 2022). However, this first version didn’t

include the category of amotivation and a new revised version of the instrument
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was therefore developed (Cavicchiolo et al., 2022).

The BREQ-2 consists of 19 items, including four subscales for assessing the
various forms of motivation (external, introjected, identified and intrinsic), with
the addition of four items for measuring amotivation (Markland & Tobin, 2004).
The BREQ-2 has become one of the most widely used instruments in the exer-
cise domain and several studies conducted in different countries have provided
support for its validity and reliability (Cid et al., 2012). Unfortunately, the
BREQ-2 did not include integrated regulation, and yet another version of the in-
strument, the BREQ-3 was proposed (Wilson et al., 2006). The BREQ-3 includes
the subscale of integrated regulation and contains 24 items, 4 for each subscale.
The BREQ-3 is recognized to allow an understanding of the different motiva-
tional processes at work in the sphere of physical exercise (Wilson et al., 2006).
This scale is translated into different languages, including French (Maillot et al.,
2018).

Nevertheless, if valid and reliable measurement is a precursor to the under-
standing of any psychological construct (Clancy et al., 2017) to the best of our
knowledge no questionnaire to observe motivation during exercise has been de-
veloped. Sheehan et al. (2018) explain that motivation is a complex construct,
with athletes having diverse and dynamic motives for initiating, directing, sus-
taining, and terminating efforts. But in fact, all the publications in sports psy-
chology deal with persistence in sports (Sarrazin et al., 2002), i.e. the perceived
reasons for engaging or maintaining in an activity, rather than persistence dur-
ing effort. In other words, what is usually studied is the reasons that push an
athlete to return from one training session to another rather than the motiva-
tional mechanisms that allow him to continue a session or competition whereas
fatigue occurs. This question is nevertheless of capital importance in high-level
sports and is of interest to athletes and coaches. The last Ultra Trail of Mont
Blanc (UTMB) is a good example of it. While Mathieu Blanchard and Kilian
Jornet have been neck and neck for a long time, Kilian Jornet manages to detach
in the last hectometers. The 2 athletes will all manage to pass under the mythical
bar of 20h, beating the record of the event. Mathieu Blanchard says his motiva-
tion was decreased when Kilian Jornet left in front. But he also owes the fact of
having beaten the record of the event to a sentence of a specter. He told him his
time and the distance to the finish, telling him that he could finish in less than 20
hours. Mathieu Blanchard says that from that moment on he no longer felt any
effort and that he had an impressive impression of ease (Course Epique x UTMB
2022 L’'UTMB de Mathieu Blanchard et Manon Bohard, 2022).

Unfortunately, questionnaires that have been proposed to study the process of
motivation by sports psychologists are too long and complex to be used during
effort. For this reason, it is not yet known how motivation evolves during exer-
cise. In literature about fatigue during exercise, the problem has been simplified
by proposing to use the measure of the level of effort. Hence, based on motiva-
tional intensity theory (Brehm & Self, 1989; Wright, 2008), the psychobiological
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model of endurance performance (Marcora, 2008; Marcora & Staiano, 2010)
proposes that the point at which people stop exercise is determined by the per-
ception of effort, which is “the conscious sensation of how hard, heavy, and stre-
nuous a physical task is” (Marcora, 2010) and potential motivation. Hence, the
person consciously decides to stop exercising when the effort required by en-
durance exercise is perceived to exceed potential motivation, or when the per-
ception of effort is so extreme that continuing the task seems impossible. Most
of the time, the level of effort is determined using Likert’s scale of Borg (1990)
with only one question and thus is very frequently used in sports sciences because
its determination is simple and fast.

On the one hand, motivation is recognized as a complex process with athletes
having diverse and dynamic motives for initiating, directing, sustaining, and
terminating efforts (Sheehan et al., 2018). Hence, the questionnaires allowing its
evaluation before or after exercise include many items. On the other hand, the
evaluation of motivation during exercise is based on a single parameter: the level
of effort that can be sustained at a given moment. We claim that this single pa-
rameter alone cannot represent the complexity of motivational processes that
determines not only the energisation but also the direction of behavior (Clancy
et al., 2017; Roberts & Treasure, 2012). For this reason, there is no literature data
about the evolution of the direction of motivation during exercise.

Therefore, the first aim of this study was to test the validity and the reliability
of a new French Multidimensional Motivation Scale during Effort (MMSE) con-
structed to determine Intrinsic Motivation (IM), External Regulation (ExtR), In-
trojected Regulation (IntroR), Identified Regulation (IdentR), Integrated Regula-
tion (IntegR) and Amotivation (Am). We hope to understand how motivation
evolves with intensity and with fatigue and we hypothesize that the direction and

intensity of motivation will change during the effort.

2. Methods
2.1. Participants

A hundred and four polyvalent athletes (27% females, 73% males, age: 20.30 +
1.40 years; height: 1.76 + 0.12 m; body mass: 66.78 + 13.26 kg), students in sports
sciences volunteered to take part in this experimental competition. They trained
12.2 £ 3.2 hours per week in different sports, including running and strength
training.

All participants were accustomed to quantifying their individual perceived
exertion (CR10) during 4 running sessions and other motivational parameters
with the simplified multidimensional scale (MMSE).

Prior to participating in the event, each athlete provided written informed con-
sent, and the study was conducted in accordance with the ethical principles of the
Declaration of Helsinki (1984) and approved by the regional ethics committee.

All testing was performed in warm sunny weather at an altitude of 550 m with

an average temperature of 25.5° and 70% of humidity.
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2.2. Experimental Instrument

Validity of French Multidimensional Motivation Scale during Effort (MMSE):

Before exercises, athletes have to respond to the French version of the BREQ-3
(Maillot et al., 2018).

Respondents reply to the question “Why do you engage in exercise?” on a
scale ranging from 0 (“not true for me”) to 4 (“very true for me”) (Cavicchiolo et
al., 2022).

Then, Athletes were asked to respond to the French “Multidimensional Moti-
vation’s Scale during Effort” (MMSE) in order to compare the responses be-
tween BREQ-3 and MMSE.

The aim of the MMSE (Figure 1) is to determine the direction and the inten-
sity of motivation for each category using a simplified questionnaire of the orig-
inal. Thus, only one item was conserved for each motivational category and the
scale questions the reasons for the continuation of the effort rather than the en-
gagement in a sports activity. Hence, the sentence “Why do you engage in exer-
cise?” was substituted by “why do you decide to continue your effort at this mo-
ment?”.

For each question of the MMSE, the response was quantified between 1 to 7
rather than 0 to 4 in order to be more accurate.

1) Corresponds not all; 2) Corresponds a very little; 3) Corresponds a little; 4)
Corresponds moderately; 5) Corresponds enough; 6) Corresponds a lot; 7) Cor-
responds exactly.

A cet instant, pourquoi es-tu motivé(e) pour poursuivre ton effort?

7 7 7 7 7 7
6 6 6 6 6 6
5 5 5 5 5 5
4 4 4 4 4 4
3 3 3 3 3 3
2 2 2 2 2 2
1 Ll 1 . | 1 . 1 — 1 - 1 L
A. Parce que c'est B. Parce que c'est un C. Parce qu'au fond D. Parce que je E. Parce que ¢a représente F. Je ne trouve
plaisant, agréable. effort que je me sens de moi, je me pense que c'est des valeurs qui sont pas de raison
obligé de faire sentirais mal si je ne utile pour moi. importantes @ mes yeux et pour faire cet
(Motivation intrinséque) (Régulation externe) faisais pas cet effort me rendent fier (courage, effort.
(Régulation persévérance...) (Amotivation)

(Régulation introjectée) identifice)
(Régulation intégrée)

1 = Ne correspond pas du tout; 2 = Correspond trés peu; 3 = Correspond un peu; 4 = Correspond moyennement; 5 = Correspond assez

6 = Correspond beaucoup; 7 = Correspond exactement

Figure 1. Presentation of the “Multidimensional Motivation’s Scale during Effort” (MMSE).
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In English, the question could be: “why do you decide to continue your effort
at this moment?”.

1) Because it’s pleasant (intrinsic motivation).

2) Because I feel compelled to (external regulation).

3) Because I'll feel bad if I don’t make the effort (Introjected regulation).

4) Because I think it is useful for me (identified regulation).

5) Because it represents values that are important to me and make me proud
(integrated regulation).

6) I see no reason to make this effort (Amotivation).

Test 1 and Test 2: Reliability test

During these tests, the 104 athletes were asked to run once around one loop of
770 m with 12 m of elevation gain (D+) and 12 m of negative elevation gain
(D-) at a “somewhat strong” intensity (intensity of effort 4) using the CR10 scale
(Borg, 1990). The distance was chosen in order that fatigue remained low and
did not interfere on the reliability.

The tests were performed one week apart and were used as test and retest in
order to verify the reliability of the MMSE. At the end of each test, they respond
to the MMSE.

In this study, the question was not asked during the exercise but during the
short breaks between each repetition. This type of intermittent exercise is often
used to administer perceptual questionnaires in sports sciences (Groslambert et
al., 2020, 2021) and corresponds to the modality of many sports (team sports like
handball or opposition sports like tennis). But answering the 6 questions takes
less than 30 seconds and it would be possible to administer this scale during ex-
ercise during continuous activities such as running or cycling.

Test 3: Influence of the intensity of effort

The 104 athletes performed 5 loops of the same course as Test 1 and Test 2
(770 m, 12 m D+ and D-) at different intensities of effort (CR10). The distance
was chosen in order that fatigue remained low. The aim was that results could
principally depend on the intensity but few on the fatigue. The athletes were
asked to run at intensity of effort 2, 4, 6, 8 and 10 of the CR10 scale (Borg, 1990)
during the first, second, third, fourth and last loop, respectively.

At the end of each lap, the athletes had to stop for 5 min to respond to the
MMSE and to drink and to recover enough from the fatigue of the previous
round. The running time was measured using a manual digital chronometer and
HR was continuously recorded (Garmin Forerunner ® 45, USA).

Test 4: Influence of fatigue

Two weeks later, twenty eight of the 104 athletes were volunteered to perform
the more series of 20 squat jumps (until exhaustion) without charge (no addi-
tional external load) with 2 minutes break between each series. The athletes were
encouraged to jump as high as possible with each repetition and to perform the
most important number of series until exhaustion. The arms are free and can be
used during the squat. A chair (46 cm) was placed behind the athletes. They had
to descend until they were in contact with the chair before jumping.
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Power, strength and velocity were measured with BEAST sensor, disposed on
the ankle (Beast Technologies S.r.1. © 2014, Italy).

Between each series, the athletes had to stop only for 2 min in order that re-
covery was incomplete. MMSE and perceived exertion was measured using CR10

likert’s scale (Borg, 1990) during this recovery period.

2.3. Statistical Analysis

Statistical analysies were made using JAMOVI (The JAMOVI project, 2021, Syd-
ney, Australia).

Data are reported as the means + standard deviations (SDs). As the results
met the statistical assumptions for using parametric statistics (i.e. homogeneity
of variance and normality of the sample distribution), a one-way Analysis of Va-
riance (ANOVA) with repeated measures and Tukey post hoc test (JAMOVI)
were performed to determine possible changes between laps in the velocity, HR
and motivational parameters. Effect Sizes (ES) were calculated from extreme
values using the formula of Hedges (1982). Cronbach’s a was calculated between
Test 1 and Test 2 to determine the internal consistency of MMSE.

The Pearson product-moment correlation coefficient was used to determine
possible correlations between parameters. A p-value < 0.05 indicated that the

difference was statistically significant.

3. Results

Validity of French Multidimensional Motivation Scale during Effort (MMSE):

Significant correlations were found between MMSE and BREQ-3 for IM (p <
0.001, r = 0.68), ExtR (p < 0.05, r = 0.37), IntroR (p < 0.05, r = 0.38), IdentR (p <
0.005, r = 0.45), IntegR (p < 0.05, r = 0.35), but not for Am (p=0.18, r = 0.22).

Test 1 and Test 2: Reliability test

There is no significant difference between Test 1 and Test 2 (test-retest) for
running velocity (10.0 + 1.3 vs 10.0 + 1.25 km-h™'; p = 0.48), HR (128.82 + 24.61 vs
128.89 + 24.67 bpm; p = 0.651), intrinsic motivation (IM: 4.74 + 1.90 vs 4.51 +
1.35; p = 0.25; a = 0.73), external regulation (ExtR: 2.46 + 1.88 vs 2.28 + 1.72; p =
0.22; a = 0.73), introjected regulation (IntroR: 2.35 + 1.51 vs 2.25 * 1.45; p= 0.57;
a = 0.87), identified regulation (IdentR: 4.77 £+ 1.49 vs 4.82 + 1.54; p = 0.75; a =
0.84), integrated regulation (IntegR: 4.23 + 1.83 vs 4.39 £ 4.39 £ 1.72; p=0.29; a =
0.79), amotivation (Am: 2.23 + 1.50 vs 2.27 + 1.48; p = 0.55; a = 0.80) and sum of
motivational parameters (SumM: 18.55 + 5.34 vs 18.23 + 4.77; p= 0.54; a = 0.79).

Significant correlations were found between Test 1 and Test 2 (test-retest) for
IM (p < 0.001, r = 0.53), ExtR (p < 0.001, r = 0.76), IntroR (p < 0.001, r = 0.50),
IdentR (p < 0.001, r = 0.73), IntegR (p < 0.001, r = 0.76), Am (p < 0.001, r = 0.92)
and SumM (p < 0.001, r = 0.64).

Test 3: Influence of the intensity of effort

Results of running velocity, HR and motivational parameters are presented in
Table 1.

The running velocity and HR were highly correlated with CR10 (p < 0.001, r =
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0.844 and p < 0.001, r = 0.742; respectively), HR was also highly correlated with
running velocity (p < 0.001, r = 0.611).

IM was significantly correlated with the running velocity (p < 0.001, r = —0.220)
and CR10 (p < 0.001, r = —0.279). Likewise, IntegR was significantly correlated
with the running velocity (p < 0.001, r = 0.177) and the CR10 (p < 0.001, r =
0.165). Other motivational parameters were not significantly correlated with the
running velocity nor with CR10 (p > 0.05).

Test 4: Influence of fatigue

Athletes performed 15.2 £ 9.1 series of 20 repetitions of squat jumps. In order
to compare athletes that performed different numbers of series, results have to
be expressed in percent of maximal number of series. For ANOVA and correla-
tions, we examined results between 10%, 25%, 50%, 75% and 100% of the max-
imal number of series. The evolutions of biomechanical and motivational para-
meters are presented in Table 2.

The percentage of maximal series was correlated with average power (p = 0.002,
r = —0.258), average velocity (p < 0.001, r = —0.303), CR10 (p < 0.001, r = 0.860),
IM (p < 0.001, r = —0.752), ExtR (P= 0.003, r = —0.246), IntroR (p = 0.010, r =
—0.218), IdentR (p < 0.001, r = —0.370) and with SumM (p < 0.001, r = —0.461).
No significant correlation was found between the percentage of maximal num-
ber of series and average strength, IntegR and Am (p > 0.05).

The average power and the average strength were not correlated with any mo-
tivational parameter (p > 0.05). The average velocity was correlated with IM (p =
0.041, r = 0.173) and IdentR (p = 0.040, r = —0.174).

Table 1. Evolution of running velocity, HR and motivational parameters with intensity of effort.

Intensity of effort (CR10)

P-value and
evolution (%)

Variables Effect
2 6 8 10 between F-value |
intensity 2 size
and 10
Running
velocity  7.86+1.03 10.04 +1.26° 1228 +1.72**  14.70 £2.37*>  16.33 £ 1.25*>*% <0.001 + 107.7% 312 0.716
(km-h™)
HR (bpm) 107.09 + 24.17 128.82 + 24.61°* 145.58 + 25.33*" 167.18 + 24.48*>¢ 179.70 + 18.0 2> <0.001 + 67.8% 169  0.554
M 4.13+217 420+ 1.53 3.54+1.71 3.12 £2.02 5 2,70 £2.10>¢  <0.001 + 34.6% 11.8 0.084
ExtR 245+1.83 246+ 1.76 2.63 £ 1.81 2.60 + 1.96 2.51 +2.01 0.943 0.19  0.001
IntroR  2.45+1.69 229+ 143 2.33+1.48 2.72+1.87 2.61 198 0.318 1.18 0.009
IdentR  4.55+1.79  4.70 £ 1.61 4.59 +1.86 4.62 +1.96 4.55+2.16 0.976 0.118 0.001
IntegR 427 +2.01  4.03+1.82 422 +1.84 487 £193° 501 +220°  <0.001+17.3% 5.02 0.038
Am 237+1.67 2.34+1.44 2.18 +1.40 2.26 + 1.67 229 +1.83 0.936 0.204 0.002
SumM  17.85+590 17.68+503  17.26 +5.06 17.88 +5.75 17.35+6.22 0.890 0.282  0.002

% p < 0.05 compared with the precedent level of effort. > p < 0.05 compared with the twice precedent level of effort. <: p < 0.05

compared with the third precedent level of effort. % p < 0.05 compared with the fourth precedent level of effort. Intrinsic Motiva-

tion: IM, External Regulation: ExtR, Introjected Regulation: IntroR, Identified Regulation: IdentR, Integrated Regulation: IntegR,

Amotivation: Am, and Sum of Motivation: SumM.
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Table 2. Results of biomechanical (Power, strength, velocity), CR10 and motivational parameters during Test 4 (squat jumps)

between 10% and 100% of maximal number of series.

percent of maximal series of squat

P-value
Variables evolution Effect
10% 25% 50% 75% 100% Fvalue .
between 25% size
and 100% (%)
Power
(watts) 991.09 + 334.36 1026.12 + 346.67 973.64 + 378.65 826.56 + 289.22839.64 + 260.34° 0.028 — 15.3% 2.82 0.077
watts
Strength (N) 925.62 + 302.29 811.55 + 277.62 819.55 + 273.38 817.67 + 258.30 839.64 + 260.34 0.514 0.821 0.024
Velocity od
(ms) 1.10 + 0.25 1.12 +0.38 1.06 £ 0.23 0.98+0.23 0.89+0.18°¢ 0.007-19.1% 3.73 0.099
CR10 2.24 +0.98 346+1.05° 638+1.61* 830+1.25*° 9.15+0.90">¢ <0.001264.5% 56.8 0.763
IM 5.11+1.62 3.96 + 1.71 257+1.29*  1.64+087° 0.96+0.69*>% <0.001 — 81.2% 47.4 0.584
ExtR 3.71 +1.58 3.79 +1.52 3.07 + 1.70 329+194 250+1.60°¢ 0.032-326% 2.73 0.075
IntroR 3.57 + 1.89 3.39+1.77 3.07 +1.92 2.79 + 1.85 2.46 + 1.69 0.158 1.68 0.047
IdentR 4.96 +1.43 4.46 + 1.84 4.00 + 1.59 350+ 1.84 3.11+1.69% <0.001 -37.3% 543 0.139
IntegR 5.07 + 2.16 4.96 +2.03 4.82+1.81 464+197° 4.25+1.86% 0.558 0.752  0.022
Am 2.54 +1.20 2.64+1.52 2.54+1.37 2.36 +1.19 2.25+1.11 0.794 0.420 0.012
SumM 22.57 + 6.70 2075+ 644  17.75+6.37° 16.04+6.46° 1357 +575% <0.001 —39.9% 9.23 0.215

% p < 0.05 compared with the precedent percentage. > p < 0.05 compared with the twice precedent percentage. ©: p < 0.05 com-

pared with the third precedent percentage. %: p < 0.05 compared with the fourth precedent percentage. Intrinsic Motivation: IM,
External Regulation: ExtR, Introjected Regulation: IntroR, Identified Regulation: IdentR, Integrated Regulation: IntegR, Amotiva-
tion: Am, and Sum of Motivation: SumM.

CR10 was correlated with IM (p < 0.001, r = —0.692) but not with ExtR (p= 0.156,
r = 0.200), IntroR (p = 0.190, r = 0.185), IdentR (p = 0.160, r = 0.198), IntegR (p =
0.371,r = -0.127), Am (p = 0.546, r = 0.086) and SumM (p = 0.844, r = 0.028).

To summarize, the results show that all motivational parameters of MMSE
were correlated with BREQ-3, excepted for Am. No motivational parameter was
significantly different between Test 1 and Test 2 and they were significantly cor-
related. During Test 3, IM was significantly reduced with intensity (-34.6%; p <
0.001) whereas the increase of IntegR (+17.3%; p < 0.001) helped to maintain a
motivational reserve. During Test 4, the diminution of power output (-15.3%, p
< 0.05) and the velocity (-19.1%, p < 0.05) were associated with an important
decrease of IM (-81.2%, p < 0.001) and a slight decrease of IdentR (-37.3%, p <
0.001) and ExtR (-32.6%, p < 0.05).

4. Discussion

Whereas high motivation is accepted as an important factor in getting athletes to
reach their maximal physical potential, measurements are so far realized only be-
fore or after exercise. In this study, we used a new scale that included one question

for each category of motivation during exercise: Intrinsic Motivation, External

DOI: 10.4236/ape.2022.124028

381 Advances in Physical Education


https://doi.org/10.4236/ape.2022.124028

B. Baron et al.

Regulation, Introjected Regulation, Identified Regulation, Integrated Regulation
and Amotivation.

Significant correlations were found for each motivational category between
MMSE and BREQ-3 before exercise, excepted for Am, suggesting that MMSE is
valid to measure these categories. The reasons why Am is not correlated are un-
clear, perhaps the wording of the question may need to be revised.

Results of Test 1 and Test 2 (Reliability tesf) performed at a “somewhat strong”
intensity of the CR10 (Borg, 1990) show that running velocity and HR were not
significantly different and highly correlated, indicating that intensity and physio-
logical responses are similar. The most important result of these tests is that
there is no significant difference for IM, ExtrR, IntroR, IdentR, IntegR, Am and
SumM between Test 1 and Test 2 (test and retest). Moreover, significant cor-
relations were found for all these motivational parameters between test and
retest.

This indicates the good test-retest reliability of MMSE and that it can be used
during exercise.

Then, we used the MMSE during intermittent running exercise in which effort
was progressively increased (Test 3). Results of ANOVA show that running ve-
locity and HR increased with the intensity of effort (+107.7% and +67.8%, re-
spectively). Moreover, running velocity was significantly correlated with CR10
whereas HR was significantly correlated with running velocity and HR as ex-
pected for this incremental test (Borg, 1990).

When the intensity of effort was progressively increased, results of ANOVA
show that IM significantly decreased (—34.6%) while IntegR significantly increased
(+17.3%). The other motivational parameters (ExtR, IntroR, IdentR, Am, and
SumM) did not significantly evolve with intensity. Likewise, IM and IntegR were
significantly correlated with intensity of effort and with running velocity whereas
no correlation was found for the other parameters.

It is interesting to note that IM and IntegR are referred to as autonomous mo-
tivation and known to be more self-determined and that they are associated with
an increase in levels of physical activity (Levesque et al., 2007). Let’s remember
that they are usually measured before or after activity and that our study is the
first in which they are observed during effort. It seems that IntegR increased in le-
vels of physical intensity in order to compensate for the decrease of IM. Thanks to
that, SumM did not decrease even when maximal intensity was reached. The
experimental design has been constructed in order that no important fatigue was
induced during Test 3 to observe the effect of intensity but not fatigue. The HR
values remain moderate (179.70 + 18.02 bpm) for athletes of this age (20.30 %
1.40 years), i.e. at only approximately 90% of theoretical maximal HR (Astrand
& Ryhming, 1954), suggesting that maximal physiological adaptations were not
reached.

Our results suggest that when intensity was increased to maximal level of ef-

fort but without important fatigue, a motivational homeostasis could be main-
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tained in parallel with physiological homeostasis.

Then, we wanted to check the evolution of the motivational parameters dur-
ing a muscular exercise carried out until exhaustion (Test 4). ANOVA showed
that the power significantly decreased until exhaustion (-15.3%). This confirms
the occurrence of physiological fatigue (Edwards, 1983; Fitts, 1994). The decrease
of power is in link with the diminution of velocity (—19.1%) whereas strength
did not significantly change in accordance with previous studies (Thomasson &
Comfort, 2012). In addition, the percentage of maximal number of series was
significantly correlated with average power and average velocity but not with
strength. Likewise, average power and average strength were not correlated with
any motivational parameter whereas average velocity was significantly correlated
with IM and IdentR.

This preponderant role of velocity in the decrease in power is also found in
other studies. Indeed, Thomasson and Comfort (2012) found no significant re-
duction in force during the squat jumps performed at 60% 1 RM, but a signifi-
cant reduction in velocity with a resultant significant decrease in power between
the first and the last of the 6 repetitions that athletes have to realize.

In our study, an important reserve of power remained at the end of exercise
(84.7%). It seems that the cessation of the exercise can be explained more by an
abandonment than by a real physiological exhaustion as already shown for sub-
maximal exercise (Baron et al., 2011). This hypothesis is in accordance with the
evolution of motivational parameters.

Indeed, ANOVA shows a very important decrease of IM (-81.2%). IdentR slightly
decreased with the percent of maximal number of series (—37.3%) whereas In-
tegrR did not significantly evolve, contrary to what we observed during Test 3
when intensity of effort has been increased until maximal without any important
fatigue. Results revealed that ExtR also decreased (—32.6%) whereas IntroR, and
Am did not significantly evolve. It is of interest to note that once again, as when
intensity of effort was increased; autonomous motivation is most impacted by
exercise. Indeed, IM, IntegR and IdentR are part of autonomous motivations and
incorporate actions that athletes undertake volitionally (Sheehan et al., 2018). We
already hypothesized that extrinsic motivational parameters have to compensate
the decrease of IM during long to ultra-long endurance in order that effort could
be maintained until the finish line (Baron et al., 2018).

But, when effort is maintained until exhaustion (Test 4), SumM decreased over
the course of the test (—39.9%) contrary to what we observed during the test of in-
creasing intensity of effort (Test 3). This time, with the onset of fatigue, it seems
that no other motivational parameter could compensate for the very important
decrease in IM.

Moreover, during Test 4, CR10 was correlated with no motivational parame-
ter, except IM. This clearly shows that CR10 was not a good marker of motiva-
tion when an effort is maintained until exhaustion. This important result goes

against the postulate that the CR10 represents the level of motivation (Brehm &

DOI: 10.4236/ape.2022.124028

383 Advances in Physical Education


https://doi.org/10.4236/ape.2022.124028

B. Baron et al.

Self, 1989; Wright, 2008) but is in accordance with our hypothesis. However, the
level of effort could be considered as the level of engagement necessary to com-

pensate for the decrease in IM.

5. Conclusion

Until now, motivation could be measured among athletes outside of their physi-
cal activity, due to the lack of fast-enough tools. MMSE is a simplified scale
based on a valid questionnaire that is used before or after exercise. MMSE seems
to be valid and reliable to measure the continuum of motivational parameters
during an effort with trained athletes. Our results show that IM seems sensitive
to both the intensity of effort and fatigue. IntegR seems sensitive to effort whe-
reas IdentR seems sensitive to fatigue.

When the intensity was progressively increased, IM significantly decreased whe-
reas IntegR increased. This allowed that the SumM did not significantly evolve,
testifying to the maintenance of motivational homeostasis.

When fatigue was induced by muscular exercise, IM highly decreased, whe-
reas IdentR and ExtR slightly decreased. No compensatory mechanisms allowed
SumM to remain stable.

It is of great interest that autonomous parameters, including IM, IntegR and
IdentR, were the most evolving both when the intensity of effort was increased,
and when fatigue occurs. IM, IntegR and IdentR are often referred to as auto-
nomous motivation and are known to be more self-determined. In the studies
that observe these parameters outside of the effort, they are known of important
to initiating or maintaining a program of physical activity (Levesque et al., 2007)
and are associated with well-being (Ryan & Deci, 2017). They incorporate ac-
tions that athletes undertake volitionally (Sheehan et al., 2018). When motiva-
tion is measured during effort, they seem to be the most mobilizable by athletes
in order to respond to the increase in intensity and fatigue.

These results could provide interesting perspectives for coaches to better tar-
get the speeches during the competition and the effort towards the sense of effort
and the values of the athletes.

Hence, the use of MMSE makes it possible to determine an individual motiva-
tional profile for the effort.

This study is the first to focus on the measurement and evolution of motiva-
tional parameters during an effort. Many studies are needed to confirm our re-
sults and to better understand the mechanisms that initiate, maintain or regulate
motivation during effort in many different practice conditions. The use of the
MMSE could open up an important field of investigation for sports performance
but also for health. Of course, as with all new tools, it may need to be improved de-
pending on the results of other experiments in other conditions and other popu-
lations. But even if it can be brought to be improved, it has the merit of finally
allowing a measure of motivation during the effort.

Further studies are needed to test the sensitivity of the MMSE for other moti-

DOI: 10.4236/ape.2022.124028

384 Advances in Physical Education


https://doi.org/10.4236/ape.2022.124028

B. Baron et al.

vational parameters, in particular by varying the stakes (competitions, leisure,
etc.), or by inducing satisfaction or disappointment. Indeed, Motivation results
from the interaction of many diverse factors. For example, internal motives (e.g.
needs for companionship) and/or external events (e.g. prize money) can move
people to act (Mallett & Hanrahan, 2004). Moreover, further studies will be needed
to test validity in English and other languages.
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