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Highlights

 7 postural strategies to pick up parts were identified based on simultaneous analysis of 17 kinematics variables.  Most operators used more than one strategy when collecting parts.  No strategy was observed to be specific to a particular age group.  The number of strategies used by an operator decreased with increasing age.

Introduction

Picking objects up off the floor is an action that we perform every day. Adult humans are familiar with this movement and no longer need to learn it. However, this multisegment task can take a considerable number of postural configurations as there are a large number of degrees of freedom to control when executing it. The action of squatting has been the subject of a large number of studies aiming to determine the biomechanical constraints on the lumbar region during transport of heavy loads [START_REF] Anderson | A biomechanical evaluation of five lifting techniques[END_REF][START_REF] Van Dieën | Stoop and squat: A review of biomechanical studies on lifting technique[END_REF][START_REF] Sheppard | Sex-based differences in lifting technique under increasing load conditions: A principal component analysis Thesis[END_REF]. Three types of lifting techniques have often been compared: the squat, the semi-squat, and the stoop [START_REF] Burgess-Limerick | Toward a quantitative definition of manual lifting postures[END_REF][START_REF] Van Dieën | Stoop and squat: A review of biomechanical studies on lifting technique[END_REF][START_REF] Straker | Evidence to support using squat, semi-squat and stoop techniques to lift low lying objects[END_REF]. Several studies have compared the respective benefits and advantages of these different techniques, and various factors have been found to promote use of one or the other. Some of these factors are linked to the object carriedsuch as its weight [START_REF] Hoozemans | Effect of lifting height and load mass on low back loading[END_REF], how cumbersome it is, the height from which it must be collected and that at which it must be deposited [START_REF] Burgess-Limerick | Spontaneous transitions in the coordination of a whole body task[END_REF], the speed of transfer [START_REF] Lin | A biomechanical evaluation of lifting speed using work-and moment-related measures[END_REF] or its trajectory [START_REF] De Looze | Does an asymmetric straddlelegged lifting movement reduce the low back load?[END_REF])while others correspond to the functional capacities of the carriersuch as their gender [START_REF] Lindbeck | Gender differences in lifting technique[END_REF], Plamondon et al. 2014b[START_REF] Sheppard | Sex-based differences in lifting technique under increasing load conditions: A principal component analysis[END_REF] or age [START_REF] Van Dieën | Repetitive lifting and spinal shrinkage, effects of age and lifting technique[END_REF], the muscles solicited [START_REF] Trafimow | The effects of quadriceps fatigue on the technique of lifting[END_REF], the physiological cost [START_REF] Kumar | The physiological cost of three different methods of lifting in sagittal and lateral planes[END_REF], the oxygen consumption during the exercise (Hagen and Harms-Ringdhal 1994) or how much experience the carrier has with transporting heavy loads [START_REF] Plamondon | Biomechanical differences between expert and novice workers in a manual material handling task[END_REF](Plamondon et al. , 2014a)). This last point illustrates how expertise causes carriers to adapt their posture depending on the context, as determined by the object (weight, dimensions, fragility) or the trajectory to be covered between the initial point and the destination.

In these previous studies, the expertise which determines how the carrier moves appears to be closely linked to the characteristics of the object to be transported. But what variations in movement would be observed if the external constraints such as the volume of the object, or its weight, were no longer the main constraints for the task? In this type of situation, internal constraints, directly linked to the subject such as age (which could influence their functional capacities), appear to be one of the most significant factors determining the variability of the final movement [START_REF] Gaudez | Intrinsic movement variability at work. How long is the path from motor control to design engineering[END_REF]. These constraints take on even greater importance in the current socio-economic context where older workers remain at work for longer. With advancing age, changes to muscle properties can combine with a worker's capacity to repeat a physically demanding movement, such as collecting objects from the floor [START_REF] Duchateau | Évolution et adaptations à l'entraînement du système neuromusculaire au cours du vieillissement[END_REF][START_REF] Gibo | Effect of age on stiffness modulation during postural maintenance of the arm[END_REF]. The capacity to repeat this movement will be all the more hampered when a rapid work pace is added to age-related constraints [START_REF] Gilles | Motor adaptation capacity as a function of age in carrying out a repetitive assembly task at imposed work paces[END_REF]. Nevertheless, numerous elements remain to be modulated when performing the movement. For example, the trajectories of the limbs are involved, the speed of execution and any obstacles that must be avoided have to be considered [START_REF] Rosenbaum | Posture-based motion planning: Applications to grasping[END_REF]. Planning a movement also involves a conscious decision to grasp an object with the aim of doing something with it. This aspect gives sense to the movement [START_REF] Bril | Learning to use tools: A functional approach to action[END_REF]Goasdoué 2009, Bril 2015). To study and analyse motor variability, it is important to provide the means to give sense to a movement when planning it. It was with this objective in mind that the task analysed in this study was designed. The task involves collecting parts stored at floor-level, for their assembly with another part on a mounting table .   A previous paper presented results from classical movement analysis performed on the same task [START_REF] Gilles | Motor adaptation capacity as a function of age in carrying out a repetitive assembly task at imposed work paces[END_REF]. This exhaustive analysis of the data provided us with an extensive range of information through which we could understand the physiological limitations involved in performing a task requiring squatting. These limitations were determined by the age of the person executing the task and/or the pace of the work. However, examining the different joints independently makes it difficult to understand the overall posture adopted when performing a task. Thus, a certain number of questions relating to the segmentary strategy implemented when collecting the parts could not be solved by this method. Indeed, the disparity of results obtained during the first analysis suggested the existence of intra-subject postural variability, but also of inter-subject postural variability determined by internal factors, such as age, or external factors, such as pace. In this paper, we hypothesize that the disparity of results observed might be due to a series of co-existing strategies.

The objective of the work described in this paper was to perform a multisegment analysis to better identify the postural strategies adopted during the task requiring collection of objects placed at floorlevel. With respect to these strategies, the questions were twofold: First, is there a dominant strategy characteristic of each age group? Second, does the same person use more than one strategy? And, if more than one strategy is identified, what is level of variability in these strategies? Is this level of variability influenced by age or the pace of work?

Methods

Participants

Sixty-three right-handed men voluntarily participated in this experiment. Volunteers were recruited based on two main selection criteria. First, subjects had to be in one of the three following agegroups: junior (J) from 30 to 35 years old, median (M) from 45 to 50 years old, or senior (S) 60 to 65 years old. The characteristics of subjects in each of these age-groups are presented in Table 1. In addition, all subjects had to have worked or still be working in what is considered a "physically demanding" job to ensure relatively homogeneous evolving functional capacities. Volunteers were recruited either through temporary employment agency or through advertisements published in local newspapers. Participants' functional capacities were assessed before the experiment based on tests of flexibility, dexterity (based on the Purdue pegboard test [START_REF] Desrosiers | The Purdue pegboard test: normative data for people aged 60 and over[END_REF]), speed of upper limb movement, and analysis of the muscular force of the upper and lower limbs. All subjects gave their free and informed consent for participation in this study, the protocol for which was approved by the ethics committee for biomedical research at our Institute.

Procedure

Subjects were asked to perform an assembly task in conditions similar to those encountered at an assembly-line workstation. The height of the workstation was adapted to the size of each subject. The task involved several successive actions executed in a cyclic and repetitive manner at a defined work pace. A single assembly cycle involved collecting an assembly base from a distributor/collector of parts, moving between the distributor and the workstation, collecting parts stored at floor-level under the assembly table, assembly of the parts with the base on the worktable, and finally, once all parts had been assembled, return to the distributor/collector (Figure 1). In this paper, analysis focused on the action of collection of the parts, one handle (200 g) and two nuts (7 g each), stored under the workstation. No recommendations were made on how to proceed when collecting the parts stored at floor-level. The only obligation was that, during each assembly round, the precise number of parts required should be collected, rather than amassing a reserve for subsequent assembly tasks.

The repeated assembly cycles, which included collection of spare parts from the floor-level reserve, were performed during two work sessions, each of which lasted 20 minutes. For each of these sessions, a different work pace was imposed by the base distributor. Subjects had access to real-time visual information on their progress with respect to the prescribed work pace. The pace was either comfortable, corresponding to 25 seconds per assembly cycle, i.e., a total of 49 assemblies, or rapid, at 20 seconds per assembly cycle, i.e., 60 assembly cycles to be completed. The order in which sessions were completed was randomised, but as many subjects from each age-group started by one or other of the paces. The pace was monitored continuously throughout the work session. A verbal reminder of the requirement to maintain the pace was given to subjects if they slowed down.

Apparatus

The postures adopted during repeated assembly cycles involving collection of parts from floor-level, were video recorded throughout the experimental sessions.

3D modelling of each assembly cycles was computed with Motion Inspector® software. Modelling was based on three superimposed models: i) an anthropometric model using 67 anthropometric measurements for each subject [START_REF] Hanavan | A mathematical model of the human body[END_REF]; ii) an inverse dynamic model using the forces and moments exerted at ground-level, as recorded using an AMTI®-type force plate, and the forces and moments exerted on the assembly table, recorded using an ATI® sensor. All dynamic signals were recorded at a frequency of 200 Hz. iii) a kinematic model using the displacement of 37 passive markers -placed on the subject in relation to anatomical landmarks -measured at a frequency of 50 Hz using an optoelectronic system (Vicon 460®). These three combined models allowed us to compute 14 body segments (two feet, two legs, two thighs, one pelvis, one abdomen, one thorax, two arms, two forearms, and one head) and to reconstruct joint centres corresponding to the joints linking the different segments. Among all of the variables modelled, 17 were selected to characterise the movement involved in collecting the spare parts. These variables were measured and calculated from an orthonormal reference position (Figure 2a). The variables were as follows:

-the amplitude of downwards motion of the joint centre for the sacrum. This measurement corresponds to the difference in vertical position of the joint centre for the sacrum between the upright posture and the posture at its lowest point relative to the ground during collection of the parts. -the distances between the joint centres for the right and left toes and between those of the right and left knees, relative to the anteroposterior, medio-lateral and vertical axes, and the distances between the joint centres of the heels relative to the medio-lateral and vertical axes. These distances were measured when the sacrum was located at its lowest point relative to the ground. They were used to record differences in position between the joint centres associated with the lower left limb and those associated with the lower right limb. They were calculated for each test and relative to each of the axes. The anteroposterior distance between the heels was not included among the variables as it was redundant with the anteroposterior distance between the toes. Therefore, it would have given too much weight to this information in the analysis. A positive distance indicates that the lower left limb is located anterior to the anteroposterior axis, or higher relative to the vertical axis, than the lower right limb. -the Euler angles for flexion of the ankles, knees and hips, as well as the abduction angles for the hips. These angles were calculated in line with the recommendations provided by the International Society for Biomechanics [START_REF] Wu | ISB recommendations for standardization in the reporting of kinematic data[END_REF][START_REF] Wu | ISB recommendation on definitions of joint coordinate system of various joints for the reporting of human joint motion-part I: ankle, hip, and spine[END_REF]. The angles were measured when the joint centre of the sacrum was located at its lowest point relative to the ground, and were compared to those measured for the reference posture (subject standing upright, arms aligned with the trunk) recorded at the start of the experimental session. The detailed procedure through which the angles were calculated was presented for the kinematic analyses of the full assembly task [START_REF] Gilles | Motor adaptation capacity as a function of age in carrying out a repetitive assembly task at imposed work paces[END_REF].

Statistical analysis

All statistical analyses were carried out using Stata software (StataCorp LLC, Tx). The first objective of the analysis was to identify postural strategies. An agglomerative hierarchical clustering method based on the Euclidean distance was performed. This clustering algorithm was based on 17 variables after normalisation of each variable, using a complete linkage algorithm that is using the farthest pair of observations between two groups to determine the proximity of the two groups. This normalisation consisted in substracting from each variable its overall mean and dividing by the overall standard deviation. This classification aims to identify, from all the recordings analysed, the different categories of movement used when collecting parts. The strategies were characterised by a side-toside box plot of the 17 variables on which they were based. From these box-plots, each strategy was assigned a posture name. The posture names were validated by both the video and the model.

The second objective was to assess whether the dominant strategy (the strategy that was most often employed) is characteristic of the age group in both paces. The dominant strategy was cross-tabulated with the age-group by work pace. The association was tested for each table using Fisher's exact test.

A more formal approach was based on a mixed effect multinomial logistic regression fitted using a generalized structural equation model (stata command gsem).

The third objective was to document the level of variability observed in the strategies used. In order to do so, the number of strategies used was cross-tabulated with the age-group by pace and with pace. Each table was tested using Fisher's exact test. A more formal approach was based on a mixed effect Poisson regression model (stata command mepoisson). In this model both main effects with and without interactions were tested.

Results

Identification and characterisation of strategies

The agglomerative hierarchical clustering identified seven classes of postures used when collecting parts from floor-level. These strategies were matched with the ones observed during parts-collection when comparing with the video recordings. Segmental postures describing each of these seven strategies could be interpreted from the data presented in boxplots (Figure 2). The dichotomy between squatting and stooping can be observed in Figure 2b, which illustrates the difference in amplitude of vertical displacement of the sacrum. For each strategy, Figure 2c shows the distribution of the values for the distances between the right and left joint centres for the toes, heels and knees, and Figure 2d shows how the values for the flexion angles for the lower limbs and for hip abduction distributed. The order of presentation of the strategies in the classification is arbitrary. A full description of the seven strategies is presented in Figure 3.

For five of the seven strategies, subjects used a large amplitude of flexion of the knees. The different position configurations of the right and left lower limbs distinguish between the squatting techniques in these different strategies. Not all of the mirror strategies between the right and the left were observed. Among the five strategies, three of them are readily distinguished:

-Squat Knees Equally Descended (SKED): in this "sumo"-type position, subjects descend symmetrically by bending their two lower limbs. All of the anteroposterior and vertical distances between the left and right joint centres for the toes, the heels and the knees were null, and there was significant abduction of the hips.

-Squat Right Knee Down 1, 2 and 3 (SRiKD 1 to 3): these strategies could be described as a "servant knight" position, with the left foot placed flat on the floor forward of the right foot, which is flexed.

The right knee descends towards the ground whereas the lower left limb is at a right angle relative to the ground. The distinctions between the three SRiKD strategies are quite subtle. SRiKD2 is distinguished by the extent of abduction of the hips, whereas the distinction between SRiKD 1 and 3 is linked to an accumulation of small differences across all of the variables analysed.

-Squat Left Knee Down (SLeKD): this strategy is the mirror strategy of the SRiKD strategies, with inversion of the values for the distances which translate the fact that in this position the right foot is placed flat on the ground forward of the left foot; the lower right limb is at a right angle to the ground and the left knee points towards the ground.

The remaining strategies were characterised by significant flexion of the hips combines with only minor flexion of the knees. Among the stooping technique, two strategies were distinguished:

-Mstoop: in this strategy the greatest flexion is at the level of the hips. However, there is still a low amplitude of downwards motion of the joint centre for the sacrum, linked to the low, but symmetrical, amplitude of flexion of the knees.

-Stoop: This strategy is very similar to the previous one, but in this case, there is practically no downwards motion of the joint centre associated with the sacrum.

Dominant strategy by age and pace

The frequency with which these strategies were observed for each age-group and pace of work is shown in Table 2. In general, and whatever the age-group, no dominant strategy was observed, although the SRiKD1, SRiKD3 and SLeKD strategies were the most frequently observed at both work paces.

At the comfortable pace, the frequency of observation of the strategies was not significantly associated with age (p=0.157), although the SRiKD3 strategy was more frequently encountered in the junior age-group (35%) followed by the SRiKD1 strategy (25%). The other strategies were more weakly represented (from 5 to 15%). The Stoop strategy was never observed in this age-group. For subjects in the median age-group, the SRiKD1, SRiKD2, SRiKD3 and SLeKD strategies were observed in equivalent proportions (20 to 25%). The SKED and Stoop strategies were only observed in a small number of cases (5%) and the MStoop strategy was never observed. For the senior agegroup, the most frequently observed strategies were the SLeKD and MStoop strategies (26% each). The other strategies were rarely observed (4 to 13%). Even if the predominant strategy does not significantly depend on age-group, it was nevertheless observed that the strategies characterised by a very small angle of flexion at the knees corresponded to 30% of all movements to collect objects from floor-level at the comfortable pace in the senior age-group, and a much lower percentage in the other two age-groups.

At the rapid pace, the frequency of observation of the strategies was not significantly associated with age (p=0.063), although the SRiKD3 strategy was still the most frequently encountered in the junior age-group (55%) followed by the SRiKD1 strategy (20%). The SRiKD2 and Stoop strategies were never observed with this age-group at this pace. For subjects in the median age-group, the SRiKD1 (35%) and SLeKD (30%) strategies were the most frequently observed, followed by the SRiKD3 strategy (20%). The Stoop strategy was not observed at this pace. For the senior age-group, the SLeKD and MStoop strategies were once again observed in the majority of cases (26% and 22%, respectively), while the SRiKD2 strategy was never observed. Thus, once again, the predominant strategy used does not significantly depend on the age-group.

All groups combined, few modifications to the frequency of use of the different strategies were observed when the pace of work changed, although the SRiKD2 strategy was less frequently observed at the rapid pace (1.6%) than at the comfortable pace (12.7%). Indeed, 41subjects (65%) used the same dominant strategy at the two paces (data not shown). Nevertheless, the analysis of the three age-groups showed some slight but noticeable differences. For the younger age-group, the dominant use at the comfortable pace of the SRiKD3 strategy (35%) was increased by 20% at the rapid pace, whereas the use of the SKED strategy dropped by 10%. For subjects in the median agegroup, with the increasing pace, a 10% accentuation of the use of the SRiKD1 strategy was observed, while the number of observations of use of the SRiKD2 strategy decreased by 15%. For the senior subjects, the use of the SKED strategy doubled while the SRiKD2 strategy was no longer used at the faster pace.

In summary, although some slight differences were observed, the formal regression analysis showed no significant global effect of age or pace in the distribution of the dominant strategies.

Number of strategies observed by age and pace

The number of strategies used by each age-group at each pace of work is shown in Table 3. The number of strategies used was seen to decrease with age. Overall, the relationship between age-group and the number of strategies used was already significant at the comfortable pace (p=0.039), and became even more so at the rapid pace (p=0.007). Thus, we observed that, all age-groups combined, at the comfortable pace the majority of subjects used two to three strategies, whereas at the rapid pace the trend was to use only one or two strategies.

For the junior age-group, a maximum of five strategies were observed for each subject, whatever the pace. The number of strategies used tended to decrease for all age-groups as the pace of work increased.

Applying the formal regression modelling to the number of strategies revealed no significant global effect of pace on the distribution of the number of strategies used, but the number did decrease significantly with age (figure 4).

Discussion

Our aim was to determine whether, multisegment analysis rather than variable by variable analysis could identify different motor strategies used when performing a movement to accomplish the same goal repeatedly. The strategies identified could then be used to investigate to what extent their use varied between individuals or conditions, and how this variation was linked age or the pace of work.

The method of agglomerative hierarchical clustering used to identify the different strategies implemented by subjects agreed well with visual observations made during the experiments, and with the groups of postures calculated. The characterisation of strategies based on box plots representing each of the variables is compatible with the results obtained by kinematic modelling. Indeed, for each collection of parts from floor-level, the segmental positions observed with the kinematics model corresponded to the strategy name.

Seven strategies, five types of squat and two types of stoop, were identified by the multisegment analysis. No strategy was found to be specific of any age-group in any pace. However, older subjects tended to more frequently use strategies requiring less flexion of the knees (MStoop and Stoop). Similar age-related differences in the postural kinematics during repetitive lifting were previously reported [START_REF] Shin | Differences in trunk kinematics and ground reaction forces between older and younger adults during lifting[END_REF][START_REF] Burgess | Multi-segment trunk kinematics during a loaded lifting task for elderly and young subjects[END_REF][START_REF] Song | Effects of age and its interaction with task parameters on lifting biomechanics[END_REF][START_REF] Gilles | Motor adaptation capacity as a function of age in carrying out a repetitive assembly task at imposed work paces[END_REF]. In all cases, differences were observed between the strategies adopted by older and younger subjects when performing lifting tasks. Different hypotheses were advanced to explain these differences, such as that change could be an adaptation to fatigue or as a means to protect against pain. It is also probable that older subjects adopt strategies with less knee flexion as a result of age-related increased muscle stiffness, reduced speed of muscle contraction and reduced muscular force in the knee extensors [START_REF] Macaluso | Muscle strength, power and adaptations to resistance training in older people[END_REF]De Vito 2004, Duchateau et al. 2006). The effort required to counteract gravity when raising the bust during the return to an upright position after squatting is also known to be significant [START_REF] Kumar | The physiological cost of three different methods of lifting in sagittal and lateral planes[END_REF], and it becomes more intense with increasing age. However, most studies dealing with postural differences during repetitive lifting examined the task as an isolated movement. Furthermore, the position of the feet, imposed by the experimenter, left the subject few possibilities to vary his/her strategy. Our experimental setup, first, left subjects free to choose the position of their feet when performing the task. This allows them more opportunity to be creative when collecting objects from floor-level. Secondly, the collecting task used in this study was part of a succession of tasks. As a result, subjects did not focus their attention on his position when collecting the parts, rather they concentrated on completing the job in the allotted time. Thus, our experimental set-up is thus suitable for observing variability in the movement strategies used to collect parts, in a process mimicking that that would take place in a real-life workplace.

The number of strategies used by each subject appears to be more significant indicator than the actual strategies used. Indeed, this number was observed to significantly decrease with age and at both paces. However, the effect of pace, a slight non-significant reduction in the number of strategies used at the fast pace, was only weakly discernible. It is therefore not possible to confirm the existence of an effect of pace on the number of strategies implemented by the subjects. Despite the large amount of data available in our study, the regression model would require even more data to show a significant effect of pace on the number of strategies used. Several other studies have described motor variability, even when performing repetitive occupational tasks which tend to be very constrained in terms of motricity. This variability was observed both between different operators [START_REF] Boocock | Age-related differences do affect postural kinematics and joint kinetics during repetitive lifting[END_REF] and for the same operator (Madeleine and [START_REF] Madsen | Changes in the amount and structure of motor variability during a deboning process are associated with work experience and neck-shoulder discomfort[END_REF][START_REF]On functional motor adaptations: from the quantification of motor strategies to the prevention of musculoskeletal disorders in the neck-shoulder region[END_REF][START_REF] Mathiassen | The ability of limited exposure sampling to detect effects of interventions that reduce the occurrence of pronounced trunk inclination[END_REF][START_REF] Wahlstrom | Upper arm postures and movements in female hairdressers across four full working days[END_REF][START_REF] Srinivasan | Motor variability in occupational health and performance[END_REF][START_REF] Ciccarelli | Variation in muscle activity among office workers when using different information technologies at work and away-from-work[END_REF][START_REF] Srinivasan | Between-and within-subject variance of motor variability metrics in females performing repetitive upper-extremity precision work[END_REF]. The factors influencing motor variability have been linked to the characteristics of the operator and/or those of the task (see [START_REF] Gaudez | Intrinsic movement variability at work. How long is the path from motor control to design engineering[END_REF] for review). However, although motor variability is made possible due to the large number of degrees of freedom resulting from the multiple joints involved in performing the task, it is also used more or less deliberately, and more or less consciously, by the person performing the task. Thus, one hypothesis proposed to explain the use of different strategies in the context of repetitive movement, is that, by differential muscle recruitment, it could allow mini rest phases for different muscle groups, which would reduce the risk of damaging soft tissues [START_REF] Mathiassen | Diversity and variation in biomechanical exposure: what is it, and why would we like to know?[END_REF][START_REF] Black | Enhancing digital human modelling: Recognising variation in repetitive motion patterns[END_REF][START_REF] Boocock | Age-related differences do affect postural kinematics and joint kinetics during repetitive lifting[END_REF]. Integrating these mini rest phases appears to suggest that they are taken into account by the operator when planning the movement. Indeed, planning is a central process which has been shown to be linked to variability [START_REF] Churchland | A central source of movement variability[END_REF]; it requires decision-making when faced with a choice of strategies. This decision-making involves analysis of the situation based on past experience.

According to a recent study [START_REF] Van Den Berg | Confidence is the bridge between multi-stage decisions[END_REF], being confident of one's actions assists with decision-making, and it is reasonable to suppose that experience allows operators to acquire and reinforce this confidence.

Picking an object up off the ground is a movement which is performed nearly every day by everyone regardless of age or occupation. For this reason, the experience level for the part of the task requiring subjects to collect parts from floor-level can be considered to be similar for all operators, across all three age-groups. However, the decision to perform this movement using a particular strategy, selected from among several possible strategies is a costly neurological process which often leads subjects to reach a compromise between speed and precision [START_REF] Drugowitsch | Optimal multisensory decision-making in a reaction-time task[END_REF][START_REF] Drugowitsch | Tuning the speed-accuracy tradeoff to maximize reward rate in multisensory decision-making[END_REF]. In this work, not only was the pace of work defined, but the instruction was that it had to be respected.

Although subjects in the junior age-group were apparently able to readily adapt to changes of pace, older subjects, due to age-related changes in their functional capacities, had more difficulty [START_REF] Gilles | Motor adaptation capacity as a function of age in carrying out a repetitive assembly task at imposed work paces[END_REF]. Reducing the number of strategies used could be considered as a timesaver as it reduces the number of options to consider. Older subjects could already be using this means of saving time when performing tasks at the comfortable pace as they were seen to limit the number of strategies employed compared to younger subjects. This might explain why the slight reduction in the number of strategies at the fast pace appears more pronounced in the senior age group.

This analysis has some limitations, which should be considered. Indeed, several types of agglomerative hierarchical clustering methods exist, not all of which identify the same number of groups. The differences mainly affected the SRiKD class, where the characteristics of the three postures were very similar, and the overall number of groups may thus vary. Based on this observation, the variables selected for use in the analysis has an impact on the results. As mentioned above, if some of the variables chosen provide redundant information, the weight of this information will be overestimated, which will influence the result of the classification. Finally, the number of levels of dichotomies in the classification is determined by the researcher. All of these points mean that this type of analysis must be associated with an initial hypothesis. In this work, our initial hypothesis was suggested by visual observation of how subjects changed their strategy when collecting spare parts. These observations were supported by the qualitative comparison based on the video recordings and by quantitative information provided by the 3-D modelling analysis.

Nevertheless, a global analysis method has advantages when searching for movement variability. For example, through our analysis of the 3D models, we were able to take into account the disparity in the measurement of flexion or abduction angle for a lower limb joint. This disparity can be the result of variation in the postural configuration for several segments upstream and downstream of the joint in question. Because of its revelatory potential, this method should be more widely used to complete by-variable kinematic analyses.

Conclusion

Using agglomerative hierarchical clustering, we identified seven bending strategies used when collecting elements stored at floor-level as part of an assembly task. These strategies were identified by simultaneous analysis of 17 kinematic variables. Our results indicated that most subjects used more than one bending strategy when performing the task, but that no specific strategy-type was associated with a particular age group or pace. However, we did observe that the number of strategies used by a subject decreased with increasing age. It therefore appears that the variability of the strategies used when performing repetitive movements is mainly influenced by age, while the effect of pace is less discernible. As assembly-line operators must repeatedly reproduce the same movement, decreased movement variability employed by senior workers may be a factor contributing to their higher risk of developing musculoskeletal disorders. They had to go to the distributor to collect a base part. Then, they had to go back to the work station where they had to fetch component parts stored under the table. All parts were assembled together on the assembly table. Upon completion of the assembly, participants had to place it on the distributor/collector and immediately start a new assembly cycle. This paper only deals with the part of the assembly where subjects collected the component parts stored under the table. Squat Right Knee Down 3: (SRiKD3)

Sacrum significantly lowered relative to initial position. The right foot is placed behind the left foot. The toes are more widely-spaced than the heels. Based on the vertical positions of the toes and heels, the right foot is flexed, with the heel raised, whereas the left foot is placed flat on the floor. The right heel is not as high as in the two previous strategies. The knees are aligned in the anteroposterior plane and present significant dispersion in terms of medio-lateral spacing. The left knee is higher than the right. Right ankle presents the largest extension observed. Flexion of the knees is relatively symmetrical, like that of the hips. Opening of the hip is more marked on the right.

Figure 1 :

 1 Figure 1: Experimental set-up used during the assembly task. Participants started near the table.They had to go to the distributor to collect a base part. Then, they had to go back to the work station where they had to fetch component parts stored under the table. All parts were assembled together on the assembly table. Upon completion of the assembly, participants had to place it on the distributor/collector and immediately start a new assembly cycle. This paper only deals with the part of the assembly where subjects collected the component parts stored under the table.

  of vertical displacement of the joint centre for the sacrum c -Distance between joint centres on the left and right lower limbs. A positive value indicates that the left side was positioned to the fore of the anteroposterior axis, or above the vertical axis. d -Inter-segment angles measured for the lower limbs

Figure 2 :

 2 Figure 2: Distribution of the 17 variables based on the seven strategies identified by the agglomerative hierarchical clustering. a-Reference measurement used in the experiments; b-Amplitude of downward movement of the sacrum; c-Anteroposterior, medio-lateral and vertical distances between the toes, heels and knees relative to appropriate reference planes; d-Angles of flexion at the ankles, knees and hips, and abduction angles at the hips. Distances and inter-segment angles were measured when the sacrum was located at its lowest point relative to the ground. Strategies: SKED: squat knees equally descended; SRiKD1: squat right knee down 1; SRiKD2: squat right knee down 2; SRiKD3: squat right knee down 3; SLeKD: squat left knee down; MStoop: midstoop; Stoop.

  

Squat Left Knee Down: (SLeKD) Sacrum significantly lowered relative to initial position. The left foot is placed behind the right foot. Based on the vertical positions of the toes and heels, the left foot is flexed, with the heel raised, whereas the right foot is placed flat on the floor. This is a "mirror" strategy compared to the three previous strategies. The right knee is placed posterior to and higher than the left. Flexion at the ankles is relatively symmetrical, whereas flexion of the left knee is greater than that of the right. Flexion of the hips is greater on the right than on the left. Abduction of the hips is symmetrical.

Mid-Stoop (MStoop)

Sacrum slightly lowered relative to initial position, with a small dispersion. The left foot is placed slightly behind the right foot with significant lateral spacing. There are no differences in the vertical levels of the toes or heels, with a very small dispersion in both cases. The two feet are placed flat on the floor. The lateral spacing between the heels is small. The right knee is placed posterior to the left, but they are at the same vertical level. Flexion of the ankles and knees are symmetrical and of low amplitude. The right hip is slightly more flexed than the left. Abduction is relatively symmetrical.

Stoop

The amplitude of downwards movement of the sacrum is the smallest observed, with a very small dispersion. The left foot is placed behind the right foot and lateral spacing of the toes and heels is the smallest observed. There are no differences in the vertical levels of the toes or heels, with a very small dispersion in both cases. The two feet are placed flat on the floor. The right knee is placed posterior to the left. The lateral spacings between the toes, the heels and the knees are the smallest observed. No difference in vertical placement of the knees is observed. Flexion of the ankles and knees are symmetrical and slight. Flexion at the knees is the smallest observed, with very little dispersion. Flexion of the hips is greater on the left. The abduction is the largest observed and symmetrical between left and right.