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Introduction:

Achieving our daily tasks depends on the speed-accuracy conflict. Physical activity plays a role in the development of our motor skills. However, the relationship between physical activity level (PAL) and fine motor skills remains largely unexplored.

Aim: Our aim was to examine the relationship between the amount of daily physical activity and the performance of healthy adults in a reciprocal aiming task.

Materials and methods:

Eighty-seven healthy adults completed a reciprocal aiming task using a digital tablet. Four difficulty levels (3-6, determined by target width) and 50 scores for each level were performed using both hands. Movement time, error rate, and performance index were analyzed. PAL was measured using the Global Physical Activity Questionnaire.

Spearman correlations and nparLD analysis were used in R Studio to explore the influence of physical activity level, difficulty index on individuals' performances.

Results: Apart from a correlation between PAL and motor performance at the easiest level (r=0.23, p=0.002), there was no correlation between PAL and fine motor performance.

Conclusions:

The results of our study did not indicate any significant major correlations between daily PAL and fine motor performance except when the constraints of a reciprocal aiming task are the lowest. Further work is needed to consider the use of the reciprocal Fitts task in a clinical setting.

INTRODUCTION

The level of physical activity (PAL) varies from individual to individual and from lifestyle to lifestyle these days. It is recognized as a good indicator of individuals' participation in their daily activities. [START_REF] Roelker | Paretic propulsion as a measure of walking performance and functional motor recovery post-stroke: A review[END_REF] The term "physical activity" (PA) is used as a generic term that includes leisure, travel, domestic and occupational activities. [START_REF] Bangsbo | Copenhagen Consensus statement 2019: physical activity and ageing[END_REF] The compendium of PA has been widely accepted as a resource for estimating and classifying the energy cost of human activity in meta-bolic equivalent tasks (METs). One MET is considered to be the resting metabolic rate or energy cost of a person at rest. MET values from the compendium range from 0.9 METs for sleep to 23 METs for a 14.0 mph run. [START_REF] Ainsworth | Compendium of Physical Activities: a second update of codes and MET values[END_REF] Stodden et al. suggest that the development of motor skills has an impact on the PAL of young adults. [START_REF] Stodden | The association between motor skill competence and physical fitness in young adults[END_REF] This relationship between motor skills and PAL emerges in childhood and continues to strengthen during adulthood. [START_REF] Stodden | A developmental per-spective on the role of motor skill competence in physical activity: an emergent relationship[END_REF] At the same time, regu-lar PA improves individuals' motor performance. [START_REF] Hübner | Does physical activity benefit motor performance and learning of upper extremity tasks in older adults? -A systematic review[END_REF] Motor performance is defined as a temporary state of motor behavior. [START_REF] Shumway-Cook | Motor control: translating re-search into clinical practice[END_REF] Its measurement is specific to the task type and differs according to task difficulty, environment, and the physiological characteristics of the individuals. It makes it possible to account for the motor skills of indi-viduals. [START_REF] Shishov | Parameters and measures in assess-ment of motor learning in neurorehabilitation; a systematic review of the literature[END_REF] Clinicians can assess motor performance when performing gross motor tasks or fine manual activities us-ing several tests, specific to the examined functions (e.g., the 6-minute walk test and the "Purdue Pegboard" dexterity test). [START_REF] Papathanasiou | Six-minute walk test: A tool for assessing mobility in frail subjects[END_REF][START_REF] Proud | Measuring hand dexterity in peo-ple with Parkinson's disease: reliability of pegboard tests[END_REF] However, due to the variability and com-plexity of fine motor tasks, it is difficult to define standard activities for the arm. Nevertheless, among the daily life tasks, "reaching" has the highest priority: it is considered as the most important movement performed by the upper limb. [START_REF] Romilly | A functional task analysis and motion simulation for the development of a powered upper-limb orthosis[END_REF] Grasping a glass, for example, requires a reaching movement. The success and completion of reaching tasks require movement adjustments to deal with the prevailing accuracy.

The trade-off between movement speed and accuracy is described in Fitts' law, which states that movement time relates linearly to the index of difficulty (ID), which quan-tifies task difficulty, in aiming tasks. [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF][START_REF] Fernandez | Movement speed-accuracy trade-off in Parkinson's disease[END_REF] Relying on Shan-non and Weaver's (1949) information theory, according to which a signal is transmitted through a processing channel that is disturbed by noise [START_REF] Shannon | The mathematical theory of communication[END_REF], [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF] postulates that the difficulty of an aiming movement can be measured using the same metric as in an artificial information system. The author describes the relationship between the ratio of the distance of a target to the width of the target and movement time (MT): MT = a+b × log2(2A/W) where a and b are em-pirical constants, A is the amplitude of the motion and W is the width of the target. In this expression, log2(2A/W) corresponds to the index of difficulty of the task (ID). Fur-thermore, in analogy with Shannon and Weaver's information theory, Fitts predicts that the information processing capacity of the human motor system illustrates the perfor-mance index (PI). The measurement of the PI is a relevant parameter as it gives a glimpse into how the subject behaves facing two opposite constraints, namely speed and accura-cy of movement. Thus, when the accuracy of a movement needs to be preserved, movement time increases based on the task's constraints and, thus, its level of difficulty, the in-dividuals' task PI is reduced. [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF][START_REF] Plamondon | Speed/accuracy trade-offs in target-di-rected movements[END_REF] This law applies to most human movements, including the fine movements neces-sary to perform daily activities such as tying one's shoelaces or using a computer mouse. [START_REF] Casiez | The impact of control-display gain on user performance in pointing tasks[END_REF] The results measured around a Fitts task can be generalized to pointing and manual movements, as well as those involving the use of tools in daily life. [START_REF] Thumser | Fitts' law in the control of isometric grip force with naturalistic targets[END_REF] For these reasons, the execution and evaluation of the Fitts task allows us to assess the impact of many variables on an individual's fine motor skills, motor performance, accuracy, and time of movement. [START_REF] Vries | Keeping your eye on the target: eye-hand coordination in a repetitive Fitts' task[END_REF] Fitts' law has been widely used in clinical re-search to assess the impact of different treatments or symp-toms on the fine motor performance of individuals. [START_REF] Gorniak | The relationship between task difficulty and motor per-formance complexity[END_REF] A recent study suggests that, in young adults, intensive acute aerobic exercise reduces MT, an important component of motor performance, when performing a discrete aiming task. [START_REF] Smith | An acute bout of aerobic exercise reduces movement time in a Fitts' task[END_REF] These results as well as the popularity of the Fitts' law paradigm in other disciplines argue for its continued investigation in order to analyze the effect of exercise on human motor behavior. [START_REF] Smith | An acute bout of aerobic exercise reduces movement time in a Fitts' task[END_REF] 

AIM

To our knowledge, no study has examined the effect of PAL on individuals' fine motor performance performed using a reciprocal aiming task. The objective of this study was to examine the relationship between the amount of daily PA and the PI of healthy adults while performing a fine motor task.

MATERIALS AND METHODS

Population

Volunteers were recruited from the Institut Limousin de Formation aux Metiers de la Réadaptation and the campus of Medicine and Pharmacy, University of Limoges. Participants had to be 18 years old or younger, working or study-ing at the University of Limoges, able to read and under-stand French, and willing to participate in the study. They were excluded if any impairments could interfere with the motor task. They were informed of the different steps of the study and gave their informed consent in writing, in accordance with the Declaration of Helsinki. [START_REF] Mavrov | The law institute of patient's informed consent[END_REF] This study was divided into two parts: the first part aimed to assess the participants' PAL and the second part consisted in performing the reciprocal Fitts task.

Measurement of PAL

Physical activity levels are determined using the Global Physical Activity Questionnaire (GPAQ). [START_REF] Rivière | Reliability and validity of the French version of the global physical activity questionnaire[END_REF] This ques-tionnaire, developed by the World Health Organization, is composed of 16 items to assess the duration and the fre-quency of PA in three dimensions: leisure activities, work activities, and travel. [START_REF]Global physical activity: analysis guide[END_REF] The GPAQ distinguishes PA dura-tion by min/day and min/week for each PA domain, which allows for calculating the energy expenditure scored in metabolic equivalent tasks (METs). Based on duration and energy expenditure, PAL was classified as low, moderate, and high. Prior to the completion of the motor task, participants were invited to answer the GPAQ self-questionnaire using the Google form platform, under the supervision of a researcher to clarify any misunderstanding. Answers were assigned to anonymous identification numbers (e.g., S01, S02, (...), S90) and then recorded on a computer.

The analysis of this questionnaire, using different for-mulas by the user manual of the questionnaire, allowed to calculate a continuous index of individual PAL and distin-guish three groups [START_REF]Global physical activity: analysis guide[END_REF]: Group 1: people with a high level of physical activity (individuals who participate in intense PA at least 3 days per week, resulting in an energy expendi-ture of at least 1500 MET-min per week, or at least 7 days of moderate or intense walking and PA until a minimum of 3000 MET-min per week is reached); Group 2: people practicing regular PA in a moderate way (individuals who do not qualify for the criteria in the previous category, but who participate at least 20 minutes of intense PA per day for 3 or more days per week or 30 minutes of moderate PA or walking per day for 5 or more days per week, or at least 5 days of walking and moderate or intense PA, until achiev-ing a minimum of 600 MET-min-week), and Group 3: peo-ple with a low level of PA (individuals who do not meet any of the above criteria).

Motor task

Apparatus and task

Participants sat at a table facing a laptop screen aligned at eye level. A graphics tablet (Wacom Cintiq Pro 13") was placed horizontally on the table directly in front of them and connected to the computer. Participants had to move a red cursor (represented by a vertical line) as quickly and accurately as possible back and forth between two vertical white bars displayed on either side of the computer screen. The left-right sliding movements of a pen on the surface of the graphics tablet resulted in the left-right movement of a cursor on the screen, controlled by a dedicated software developed at Aix-Marseille University, running on the laptop computer connected to the graphics tablet (Fig. 1). The position of the pen on the graphics tablet was sampled at a frequency of 150 Hz. The cursor position on the screen was reconstructed from the pen position data.

Procedure

The reciprocal aiming task was performed under four lev-els of difficulty. Following Fitts' law [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF], task difficulty was defined through an Index of Difficulty [ID = log2(2D/W)], where D is the distance between target centers and W is the target width, or tolerance size. D was constant for all experimental conditions (25 cm). ID was thus manipulated by varying targets size (W). Sizes were 6.25 cm, 3.125 cm,c1.562 cm, and 0.781 cm for ID3, ID4, ID5 and ID6, respectively.

Participants first performed a familiarization trial (at level 3, the easiest) to ensure the understanding of the in-structions. The four experimental conditions (ID3 to ID6) with both hands were performed in a randomized order.

Each trial consisted of 25 cycles, for a total of 50 aiming movements per level per hand (200 movements per side).

Data analysis

The position time series were filtered with a dual-pass, sec-ond-order Butterworth filter, with a cut-off frequency of 8 Hz. Analysis focused on global measures such as MT, the PI, and the error rate (Err). MT was defined as the average half cycle time, from one spatial movement extremum (i.e., reversal point) to the next. The Err was defined as the num-ber of movement reversal outside targets limits. In order to compute the PI, the effective width of the target (We) was defined as 1.96 times the standard deviation of the actual end-point distribution at movement reversal. [START_REF] Welford | Fundamentals of skill[END_REF] The PI was computed from MT and the effective Index of Difficulty (IDe) according to the International Organization for Stan-dardization[25] as the following: PI = IDe/MT where IDe is the effective index of difficulty adjusted by using effective width of the target and computed as: IDe = log2(2D/We). All measurements were carried out for the two-handed conditions (DH and NDH) and for each level of Index of Difficulty.

Statistical analysis

Statistical analyses were carried out using R Studio (ver-sion 4.04, Integrated Development Environment for R, PBC, Boston). Gaussian distribution was verified using the Shapiro-Wilk test: due to an absence of normal dis-tribution, non-parametric statistical analyses were priori-tized. Spearman correlations were performed between our variables of interests:

Performance Index (PI), movement time (MT) and error rates (Err), and the continuous index of individual PAL. These correlations were performed for the four levels of difficulty of the task (ID). To verify the application of Fitts' law to our motor task, a linear regres-sion was conducted for MT, as a function of the difficulty index. NparLD tests were performed using the nparLD package. [START_REF] Noguchi | NparLD: An R software pack-age for the nonparametric analysis of longitudinal data in factorial experiments[END_REF] The between-groups variable (subject group of PAL) and the within-groups variable (task difficulty in-dex) were analyzed to determine the main effects as well as the interactions on the outcome variables listed above. Relative treatment effect (RTE) was used as a measure of effect with the following interpretations and a RTE value lies between 0 and 1. An RTE of 0.5 means no effect (a randomly selected participant from the whole sample has a 50/50 chance of achieving a lower score on an outcome measure than a randomly selected participant from either subgroup). An RTE<0.5 indicates a tendency for partici-pants in a subgroup to score lower than a randomly se-lected participant in the full sample, conversely when a RTE>0.5. Differences were considered small, medium or large when RTE ≥0.56, 0.64 or 0.71, or ≤0.44, 0.36, and 0.29, respectively. [START_REF] Vargha | A critique and improvement of the CL com-mon language effect size statistics of McGraw and Wong[END_REF] Post-hoc tests were carried out using the same nparLD method, to make matched comparisons between our groups.

RESULTS

Ninety volunteers participated in the experiment pro-posed in this study. However, due to incomplete regis-trations, three participants were not included. Thus, 87 healthy adults (28.5±10.5 years old, 63 women) were in-cluded. Participants characteristics are summarized in Table 1.

Motor task

Performance index

No correlation between index of individual PAL and PI was observed (r=0.07, p=0.052).

However, the analysis revealed a low positive correlation (Fig. 2a) between the PAL index and PI at level 3 (r=0.23, p=0.002).

The non-parametric longitudinal analyses revealed a non-significant group effect on PI (F(2;∞)=1.13; p=0.57; RTE=0.53 for group 1, RTE=0.48 for group 2, RTE=0.50 for group 3) (Table 2). A main effect of index of difficulty (ID) was also found (F(3;∞)=570.9; p<0.000; RTE=0.76 for the ID3, RTE=0.56 for ID4, RTE=0.39 for the ID5, RTE=0.27 for ID6) (Table 2).

Movement time

A negative correlation between the continuous index of individual PAL and movement time (MT) was observed (r=-0.12, p<0.002) (Fig. 2b), regardless of the difficulty level of the task (r=-0.28, p<0.001; r=-0.25, p<0.001; r=-0.16, p=0.004; r=-0.21, p=0.03; for the ID3, ID4, ID5, and ID6, respectively). The ID also correlated positively with move-ment time (r²=0.69; p<0.000). No effect of the group of PAL was found on the MT (F(2;∞)=3.18; p=0.20).

The nparLD analysis revealed a main effect of the index of difficulty on MT (F(3;∞)=1699; p<0.000; RTE=0.18 for the ID3, RTE=0.38 for ID4, RTE=0.62 for the ID5, RTE=0.82 for ID6) (Table 2).

Error rate

A positive correlation between the PAL index of partic-ipants and their Error rates (Err) was observed (r=0.15, p<0.000) (Fig. 2c). Correlations were observed at ID 4, 5 and 6 (respectively r=0.27, p<0.001; r=0.32, p<0.000 and r=0.32, p<0.000).

The NparLD analysis revealed a small significant ef-fect of the group of PAL index on Err (F(2;∞)=9.4; p=0.009; RTE=0.57 for group 1, RTE=0.47 for group 2, RTE=0.47 for group 3).

Participants with a high level of PA made, on average, more errors (25.8±2.5%) than those with moderate (16.1±2.3%) and low levels of PA (17.011%±2.213%). No differences were shown between moderately and low active subjects (Table 2). A main effect of index of difficulty (ID) was also found (F(3;∞)=23.88; p<0.000; RTE=0.19 for the I3, RTE=0.40 for ID4; RTE=0.61 for the ID5, RTE=0.79 for ID6). The correlation between Err and ID indicated that when difficulty increases, so do the individuals' error rates (Table 2).

An interaction exists between PAL and difficulty index (F(6;∞)=16.73; p=0.01; RTE=0.22, 0.48, 0.70, 0.85 for group 1 and the ID 3, 4, 5, and 6, respectively; RTE=0.15, 0.36, 0.59, 0.78 for group 2 and the 4 ID, respectively; RTE=0.20, 0.37, 0.56, 0.75 and for group 3 and the ID 3, 4, 5 and 6, respectively) (Table 2).

DISCUSSION

To our knowledge, this study is the first to determine the influence of PAL on individuals' fine motor performance using a reciprocal aiming task. Apart from a correlation between PAL and individuals' motor performance when the constraints of a reciprocal aiming task were lowest (i.e., ID3), this study did not show an influence of participants' daily PAL on their PI.

Level of physical activity

Motor performance

Our results indicated that the continuous index of level of PA was positively correlated with the PI achieved when per-forming a Fitts task on a tablet when the ID was 3. On a reciprocal aiming task, when the constraints imposed by the task are minimal (i.e., low ID), the movement is cyclic and continuous, and the deceleration and acceleration phases are fully merged. If the ID of the task increases, the motion becomes a concatenation of discrete movements, and the movement tends towards a more accurately constraining goal. [START_REF] Mcgrath | Reduced asymmetry in motor skill learning in left-handed compared to right-handed individuals[END_REF] The kinetic energy created by the initial acceleration of the motion is dissipated during the final braking phase. [START_REF] Guiard | On Fitts's and Hooke's laws: simple harmonic movement in upper-limb cyclical aiming[END_REF] Thus, at ID3, the individual has a greater variability allowed by relatively low constraints (a greater width of targets). It is possible that these results reflect differences in behavior and performance between subjects that are not identifiable at ID4, 5, and 6.

However, the correlation is weak and other parameters should be considered in the analysis.

Many activities of daily living, such as walking, do not require great precision. Conversely, many sedentary activi-ties require the production of fine and accurate movements. Computer games, for example, have a positive influence on the motor skills of young adults, particularly about the preci-sion and speed of arm and hand movements. [START_REF] Borecki | Computer games and fine motor skills[END_REF] Profession-al musicians, on the other hand, can learn motor sequences faster and more accurately than nonmusicians. [START_REF] Sobierajewicz | Do musicians learn a fine sequential hand motor skill differently than non-musicians?[END_REF] It is pos-sible that participants with music-related activity can adapt more easily to fluctuating levels of difficulty, providing an adapted motor response more quickly and accurately than other subjects. Thus, it would also be important to consider the sedentary activities performed by the participants.

Error rate

Concerning the accuracy of movements produced, we ob-served that physically active participants are less accurate when the task becomes more difficult. Fitts' law suggests that the less accurate a subject is, the faster they are. Also, we can suggest that if they are less accurate, very physically active people should move faster than low or moderately active person. Nevertheless, our results do not indicate any signif-icant effect of PAL on MT. In addition to the influence of PAL on individuals' performance on fine motor skills, these results may illustrate the impulsivity of some subjects com-pared to others who are more cautious. Kekäläinen et al. [START_REF] Kekäläinen | Personality traits and physical functioning: a cross-sectional multimethod facet-level analy-sis[END_REF] support this hypothesis. Using NEO-Personality Invento-ry-33, the authors showed that the impulsivity facet had one of the strongest associations with physical activity. [START_REF] Kekäläinen | Personality traits and physical functioning: a cross-sectional multimethod facet-level analy-sis[END_REF] 

Index of difficulty

The task difficulty index had a significant effect on the par-ticipants' PI, MT, and Err. The MT of the three groups (i.e., the high, moderate, and low physical activity groups) increased linearly according to Fitts' law. [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF] The PI, which is the product of the ratio between the MT and the ID, and accuracy were altered. These results are consistent with those found in the literature. [START_REF] Fernandez | Movement speed-accuracy trade-off in Parkinson's disease[END_REF][START_REF] Hoffmann | Bimanual and unimanu-al convergent goaldirected movement times[END_REF] The task performed by the participants thus complied with Fitts' law.

Strengths and limitations

Despite the number of participants, the sample size for each PAL was approximately 30 individuals. In addition, the study sample was primarily female and students under the age of 25. It would be interesting to replicate this study with a more heterogeneous population. Furthermore, due to temporal limitations, only the GPAQ questionnaire could be used to measure participants' daily PAL. Nevertheless, the combination of measurement instruments, which is widely recommended today, and should be sought [START_REF] Bard-Pondarré | Intérêts et limites de l'utilisation des tests quantitatifs d'évaluation fonctionnelle du membre supérieur de la per-sonne paralysée cérébrale. [Interests and limits of the use of quantitative functional assessment tests of the upper limb of the cerebral palsy per-son[END_REF], would have made it possible to evaluate physical and sed-entary activities in all their complexity, with qualitative and quantitative information. [START_REF] Anadón | Les méthodes mixtes: implications pour la recherche «dite» qualitative. [Mixed methods: implications for "so-called" qualitative research[END_REF] The overall strength of this work is to identify the benefits of using an aiming task and a digital tablet in a clinical setting. According to the literature, it seems that the results measured around a Fitts task can be generalized for point-ing and manual movements as well as those involving the use of tools in daily living: pen, cutlery, needle, screwdriver, which are of interest to occupational therapists. [START_REF] Thumser | Fitts' law in the control of isometric grip force with naturalistic targets[END_REF] Thus, it could be interesting to perform Fitts' tasks in a clinical set-ting. The use of a digital tablet could also be interesting to evaluate the quality of movements. While several measures of movement quality have been developed, these quality measures depend mainly on the clinician's experience. [START_REF] Yang | Motion quality evaluation of upper limb targetreaching movements[END_REF] The use of this tablet allows us to reflect the motor func-tioning of individuals and to objectively assess the quality of fine movements of individuals with different movement disorders, such as Parkinson's disease or developmental coordination disorders, an assessment that until now has been difficult for clinicians.

CONCLUSIONS

To our knowledge, this study is the first to determine the in-fluence of daily physical activity on individuals' fine motor performance using a reciprocal aiming task. The results of our study didn't indicate any significant major correlation between daily PAL and PI or an effect of the group of PAL on the performance index achieved by the participants. The next step will be to consider the use of Fitts' reciprocal task and a digital tablet in a clinical setting.
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