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The aim of this study was to identify the age at which parameters of timing performance in a temporal bisection task converge on an adult-like stable level. Participants in the three-to 20year-old range were tested using a temporal bisection task with sub-second and supra-second durations. The data were divided into two samples. In the first sample, all participants were integrated into the analysis regardless of their success. In the second sample, only performers were inserted. The point of subjective equality (PSE) and the Weber Ratio (WR) were analyzed for each participant in each sample. By fitting a mathematical model to these parameters as a function of age, we showed that the PSE did not reach stability for the long durations due to a great inter-individual difference in the bisection point (BP) at these temporal values, while it reached a stable level for short durations in both samples. Yet, the stability points associated with the short duration BPs were reached in both samples. Interestingly, the stabilization points on WR converge earlier for the sample associated with the performers compared to the sample with no preselection. Nonetheless, time sensitivity (WR) shows a similar pattern through the two samples as adult-like performance appeared at an earlier age for short durations. The more gradual change in temporal performance for the long durations was explained by the processing of these durations, that requires attention and working memory capacities, which increase with age.

Introduction

The last few decades have shown a growing body of studies aimed at describing the development of timing abilities in children. These developmental studies have usually compared children's temporal performance in two or three different age groups (e.g. five, eight and 10 years), where age had been partly chosen arbitrary. However, they did not offer the means to identify the age at which timing performance really converged on an adult-like stable level. The aim of our study was to fill this gap by modelling the development curve of the temporal performances of a large sample, ranging from children of three years old to young adults of 20 years old.

It is important to identify a key age from which there is no further change in the development of temporal capacities. From a clinical perspective in particular, an increasing number of studies has highlighted the critical role of temporal abilities in cognitive disorders such as dyslexia or schizophrenia [START_REF] Casini | It's about time: revisiting temporal processing deficits in dyslexia[END_REF][START_REF] Giersch | Implicit timing as the missing link between neurobiological and self disorders in schizophrenia? Front[END_REF][START_REF] Giersch | Disrupted continuity of subjective time in the milliseconds range in the self-disturbances of schizophrenia: convergence of experimental, phenomenological and predictive coding accounts[END_REF][START_REF] Roy | Time perception disorders are related to working memory impairment in schizophrenia[END_REF]. Several studies have indeed shown the close relationship between temporal sensitivity and individual cognitive capacities (for a review see [START_REF] Droit-Volet | Time perception in children: A neurodevelopmental approach[END_REF], 2016). By assessing children's cognitive abilities with different neuropsychological tests, they have shown that the children who were most variable in temporal estimates were also thos who had fewer resources for attention and memory (e.g., [START_REF] Droit-Volet | Distinct developmental trajectories for explicit and implicit timing[END_REF]Droit-Volet & Zélanti, 2013a,b;[START_REF] Zélanti | Cognitive abilities explaining age-related changes in time perception of short and long durations[END_REF]. Similarly, the greatest distortions in time estimates are observed in children with lower attention and working memory capacities (Droit-Volet & Zélanti, 2013a;[START_REF] Droit-Volet | Cognitive abilities required in time judgment depending on the temporal task used: a comparison of children and adults[END_REF][START_REF] Hallez | High levels of time contraction in young children in dual tasks are related to their limited attention capacities[END_REF][START_REF] Hallez | Timing in a dual-task in children and adults: when the interference effect is higher with concurrent non-temporal than temporal information[END_REF][START_REF] Zélanti | Cognitive abilities explaining age-related changes in time perception of short and long durations[END_REF], 2012). The detection of delay in the development of temporal discrimination capacities compared to a reference age (development norm), with a temporal discrimination task that is easy to use with young children, should therefore allow early diagnosis of children with temporal processing difficulties. This early identification of temporal developmental delays would allow temporal rehabilitation that reduces the consequences of time deficits on cognitive development and learning.

In order to model the developmental trajectory of time abilities, we tested a large population of participants aged between three and 20 years. The timing performance curve as a function of age obviously changes according to the task used. In the present study we decided to ecamine children's performance in the temporal bisection task [START_REF] Allan | Human bisection at the geometric mean[END_REF][START_REF] Wearden | Human performance on an analogue of an interval bisection task[END_REF]. [START_REF] Droit-Volet | Cognitive abilities required in time judgment depending on the temporal task used: a comparison of children and adults[END_REF] showed that this task initially used in animals [START_REF] Church | Bisection of temporal intervals[END_REF], is the least cognitively demanding of the temporal tasks used in verbal children (i.e, temporal generalization, temporal reproduction). In this task, participants are trained to discriminate a short (S) from a long (L) standard duration. Then they are presented with probe durations (D) which are equal to S or L or of intermediate values, and their task is simply to judge whether D is more similar to S or L by responding short or long.

The temporal bisection task was firstly used by [START_REF] Mccormack | Developmental changes in time estimation: Comparing childhood and old age[END_REF] in children aged five, eight, and 10 years with one short duration range (200/800 ms), and then by [START_REF] Droit-Volet | Temporal bisection in children[END_REF] in children aged three, five and eight years with two longer duration ranges (1/4-s and 2/8-s). The results of these two studies indicated that the major developmental difference in temporal bisection lies in time sensitivity, which significantly improves with age, being lower in the five-year-olds than in the eight-year-olds. The results have been replicated in a long series of at least 25 studies performed in typically developed children (e.g., [START_REF] Droit-Volet | Time dilation in children and adults: the idea of a slower internal clock in young children tested with different click frequencies[END_REF][START_REF] Droit-Volet | Improving time discrimination in children and adults in a temporal bisection task: The effects of feedback and no forced choice on decision and memory processes[END_REF][START_REF] Droit-Volet | A further analysis of temporal bisection behavior in children with and without reference memory: the similiarity and the partition task[END_REF][START_REF] Droit-Volet | Speeding up an internal clock in children? Effects of visual flicker on subjective duration[END_REF]Droit-Volet & Zélanti, 2013a, b;[START_REF] Droit-Volet | Perception of the duration of auditory and visual stimuli in children and adults[END_REF][START_REF] Tsujimoto | The prefrontal cortex: Functional neural development during early childhood[END_REF]Rattat & Droit-Volet, 4 2005;[START_REF] Zélanti | Cognitive abilities explaining age-related changes in time perception of short and long durations[END_REF], 2012). However, we do not know much about the progression in temporal performance between 8eight years and adulthood, most studies having simply compared a group of 8eight-year-olds with a group of adults. In addition, some studies found a difference in time sensitivity between these two age groups, while others did not. The description of the developmental curve in the temporal bisection task is thus still incomplete.

The timing performance curve as a function of age is also supposed to change according to stimulus durations to be processed. [START_REF] Zélanti | Cognitive abilities explaining age-related changes in time perception of short and long durations[END_REF] found earlier temporal discrimination abilities for the short than for the long stimulus durations in the temporal bisection task (with the same 1:2 S/L ratio). By assessing individual cognitive capacities with a series of neuropsychological tests, they demonstrated that the processing of long durations requires more working memory and attention capacities than that of short durations. Indeed, the brain imaging studies suggested that different cerebral structures are involved in the processing of short and long durations [START_REF] Coull | Explicit understanding of duration develops implicitly through action[END_REF][START_REF] Lewis | The precision of temporal judgement: Milliseconds, many minutes, and beyond[END_REF][START_REF] Merchant | Neural basis of the perception and estimation of time[END_REF]. For example, the anterior prefrontal cortex is particularly involved in the judgment of long durations and this brain area is known to play an important role in attention control [START_REF] Dempster | Interference and inhibition in cognition[END_REF][START_REF] Mundy | A review of joint attention and social-cognitive brain systems in typical development and autism spectrum disorder[END_REF]. Furthermore, the prefrontal cortex progressively develops throughout childhood, reaching a critical period at about seven to eight years [START_REF] Casey | Imaging the developing brain: What have we learned about cognitive development?[END_REF][START_REF] Sowell | Localizing age-related changes in brain structure between childhood and adolescence using statistical parametric mapping[END_REF][START_REF] Tsujimoto | The prefrontal cortex: Functional neural development during early childhood[END_REF]. In sum, the timing performance curve should stabilize faster fort short durations than for long ones.

The studies that have addressed the development of abilities to discriminate durations have tested only two or three groups of participants of different ages. The main cause is the methodological difficulty of testing a large number of children ranging from three years through to adulthood. Another cause lies in the challenge of finding new mathematical ways that go beyond a simple regression to successfully identify a threshold above which temporal performance is stabilized, i.e., as of which no further age-related changes occur. This is the purpose of this study in which a large sample of participants aged from three to 19 years was tested on two bisection tasks, one with a short-duration range (0.5/1 s) and the other with a longer one (5/10 s).

Method Participants

The sample consisted of 119 participants aged from three to 20 years (66 girls and 53 boys): 8 three-year-olds, 15 four-year-olds, 17 five-year-olds, 9 six-year-olds, 5 seven-yearolds, 10 eight-year-olds, 10 nine-year-olds, 10 10/11-year-olds, 7 12/13-year-olds, 6 15/16year-olds, 12 17/18-year-olds and 10 19/20-year-olds. The participants were recruited in the Région Auvergne in France from the social environments of researchers (including PhD students) at the University Clermont-Auvergne. All the participants were volunteers and signed written informed consent (parents signed on behalf of their children). This study was carried out according to the principles of the Helsinki Declaration.

Material and Procedure

The participants were seated in a quiet room in front of a computer with a 15 ″ square screen. E-prime 2.0 software (Schneider et al., 2002) generated the experiment and recorded the responses. The stimulus to be timed was a blue circle (4.5 cm diameter), presented in the center of the computer screen. Responses were made on the "d" and "k" keys of the computer keyboard on which stickers depicting a small or a larger circle indicated "short" or "long".

All the participants completed two bisection tasks, one for the short durations (0.5/1-s) and the other for the long durations (5/10-s). The task order was counterbalanced across subjects, with a 15-minutes break between each task. For the short durations, the short anchor duration (S) was 0.5 s and the long anchor duration (L) 1.0 s. The probe durations were 0.5, 5 0.58, 0.67, 0.75, 0.83, 0.92, and 1.0 s. For the long durations, S and L were 5.0 and 10 s, respectively, and the probe durations: 5.0, 5. 83, 6.67, 7.5, 8.33, 9.17 and 10 s.

In each bisection task, the participants were given a 10-trial training phase and a 70-trial testing phase. In the training phase, they were trained to respond "short" or "long" after S and L, by pressing the corresponding key. This number of training trials has been shown to be sufficient for discrimination between S and L, even in younger children [START_REF] Droit-Volet | A further analysis of temporal bisection behavior in children with and without reference memory: the similiarity and the partition task[END_REF][START_REF] Droit-Volet | Temporal bisection in children[END_REF]. Key-press assignments were counterbalanced across subjects. In the testing phase, the task was similar, i.e. responding "short" or "long" when the participants judged that the probe duration was more similar to S or L, respectively. In the testing phase, the participants performed 10 blocks of seven randomly presented trials, one trial for each probe duration. A trial was initiated by the word "prêt/ready" presented on the computer's screen and spoken by the experimenter. When the participant was genuinely ready, the experimenter pressed the spacebar and the visual stimulus was displayed after 600 ms. The experimenter also told the participants not to count because counting time can bias the data [START_REF] Rattat | What is the best and easiest method of preventing counting in different temporal tasks?[END_REF].

Data analysis

Statistical analyses were performed on two indices of bisection performance: The bisection point (BP) and the Weber Ratio (WR). The BP is the "psychological mid-point" of the duration range between S and L (Wearden, 2016, p. 72). It is the stimulus duration giving rise to 50% of "short" responses and 50% of "long" responses. The WR is an index of time sensitivity. This index was obtained by subtracting the stimulus duration given rise to a p(long) of 0.25 from the stimulus given rise to a p(long) of 0.75, dividing this difference by 2, and then dividing that quotient by the BP. A high WR indicates a low time sensitivity and a low WR a higher time sensitivity. These two indexes were derived from the fit of the Pseudo-Logistic Model (PLM) with the individual psychophysical functions [START_REF] Killeen | Time's cause[END_REF] as it usually provides an excellent account of bisection data in a large population of subjects [START_REF] Allan | Temporal bisection with trial referents[END_REF][START_REF] Brown | Temporal sensitivity changes with extended training in a bisection task in a transgenic rat model[END_REF]. In addition, [START_REF] Wearden | Stimulus spacing effects in temporal bisection by humans[END_REF] demonstrated that the results were quite similar whatever the method used. We have drawn a development trajectory for each of these two indices. This development trajectory was obtained with the simplex algorithm method, also known as the Nelder-Mead method [START_REF] Nelder | A simplex method for function minimization[END_REF]. This method allows us to optimize the fit of a function by finding the curve that best fits the data, that is, the function with the smallest squared error between the curve and the data.

For each index of temporal performance, we initially examined the significant of the relationship between age (in months) and performance using a simple linear regression for BP and WR. This analysis makes it possible to assess the significance of the evolution of performance with increasing age in the range from three to 20 years. However, it does not allow us to identify the age at which performance stabilizes, forming a plateau, which could be an indicator of the attainment of maturity. In order to find the aspect of the curves to fit both WR and BP data, we used the Matlab curve-fitting toolbox [START_REF] Qiang | On line drawing method of mud pump performance curve based on Win CC and Matlab[END_REF]. The program revealed that the evolution of the performance curve as a function of participants' age followed either an increasing (BP) or decreasing (WR) exponential law (e.g., exponential decay function) in accordance with the functions {a*exp[-(x-b)/τ) + c} and a{ (1-exp[-(x-b)/c]}*{exp [-(xd)/τ]+e}, respectively. We found similar functions when using other methods (e.g., the Python SciPy toolbox). We then used the Nelder-Mead simplex algorithm (downhill simplex algorithm) in the scipy.optimize.fmin package of Python. The Nelder-Mead method is an 6 algorithm that optimizes the fit of a function [START_REF] Lagarias | Convergence properties of the Nelder-Mead simplex method in low dimensions[END_REF][START_REF] Nelder | A simplex method for function minimization[END_REF][START_REF] Olsson | The Nelder-Mead simplex procedure for function minimization[END_REF]. It automatically converges towards the best parameter values by minimizing the sum of the squares of the differences between the data and the model. Calculated functions (continuous lines) fitted to the data (dotted lines) are available in Figure 2 and Figure 4. The interest of the exponential shape functions lies in the fact that there is a constant time (τ), where τ is the x value of the origin of the tangent [START_REF] Berg | Synaptic inhibition and excitation estimated via the time constant of membrane potential fluctuations[END_REF][START_REF] Kasprowicz | Vasospasm shortens cerebral arterial time constant[END_REF][START_REF] Rall | Membrane potential transients and membrane time constant of motoneurons[END_REF][START_REF] Tiganj | A simple biophysically plausible model for long time constants in single neurons[END_REF]. After a period of one constant time (1τ), the function reaches approximately 37% of its final value. After a period of five constant times (5τ), the function reaches a value less than 1% from its asymptote. Consequently, 5τ is considered to represent a threshold beyond which differences are no longer significant (Lipták, 2003). This function has been used extensively in recent years to model mnemic phenomena since, from a certain duration, there is no longer any forgotten memory [START_REF] Kahana | Note on the power law of forgetting[END_REF][START_REF] Zylberberg | Neurophysiological bases of exponential sensory decay and top-down memory retrieval: a model[END_REF]. This is the same technique that we have used in our study in order to estimate the age from which a stabilization of performance is observed, i.e., the age at which some parameters of judgment in temporal bisection cease to change. Given that there are 324 months from 3three to 19 years old and that our sample was made of 119 participants, we averaged performance by age in months when there was more than one representative. It is nonetheless important to highlight that not having a representative for each age group in months (at 14 years for example) is not problematic, because the strength of curve-fitting is precisely to be able to generalize on the basis of the available data [START_REF] Cheyne | Rationality and Reality: Conversations with Alan Musgrave[END_REF][START_REF] Forster | How to tell when simpler, more unified, or less ad hoc theories will provide more accurate predictions[END_REF].

We decided to find the fitting function for two samples of our participants (Table 1). For the first sample, 9 % in the short-duration condition (i.e., 5 participants aged three years, 3 aged four years, 2 aged five years and 1 aged seven years) and 18 % in the long-duration condition (i.e., 5 participants aged three years, 1 aged four years, 6 aged five years, 3 aged six years, 1 aged seven years, 1 aged nice years and one aged 19 years) were excluded from the statistical analyses (from the 119 participants) because they always responded short or long, giving a totally flat bisection function (i.e., R² non-significant). This resulted in a final sample of 108 and 91 participants in the short and the long-duration condition, respectively (mean R² = 0.80). However, in this sample, we may also include children who did not produce a flat bisection function, but whose performance remains poor probably because they have sometimes answered randomly short and long. Although the proportion of random responses is higher in children than in adults [START_REF] Droit-Volet | Temporal bisection in children[END_REF], we decided to also examine a second sample without these children. In order to found find out the children who certainly did not respond randomly we excluded participants showing a BP higher or lower than the anchor durations (S and L). This second sample consisted of an additional exclusion from the first sample of 8 subjects in the short-duration condition (i.e., 2 participants aged three years; 4 aged four years, one aged five years and 1 aged 6six years) and 4 subjects in the long-duration condition (i.e., 1 participant aged three years, 3 aged five years). This thus represented a total exclusion of 27 % of the initial participant sample (mean R² = 0.82).

Table 1 Mean (M) and Standard Deviation (SD) for bisection point (BP) in ms and Weber Ratio (WR)

for each age range of the sample 1 with all the participants (excluded those who responded always short or long for the different stimulus durations) and the sample 2 (sample 1 minus "bad performers").

Short Durations

Long 

Results

Bisection Point

Figure 1 shows the mean and the standard deviation of the BP for each age year in the range from three to 20 years for the short and the long duration condition for all participants (first sample). There was significant regression between the age and the BP for both the short, F(1, 107) = 5.37, p = 0.02, η 2 = 0.05, and the long durations, F(1, 90) = 21.23, p < 0.001, η 2 = 0.17 (B = 0.0005, SE = 0.0002, β = 0.22, t = 2.32, p = 0.02; B = 0.004, SE = 0.002, β = 0.22, t = 2.14, p = 0.03, respectively). Participants' BP thus increases by 0.0005 and 0.004 for each month of age. This suggests a slightly shift in the BP value to the right during childhood. However, when the regression analyses were carried out on the second sample (selected sample), the regression equations proved a non-significant link between the age and the BP for both the short, F(1, 99) = 2.09, p > 0.05, and the long durations, F(1, 86) = 3.93, p > 0.05. As discussed later, this suggests that age-related difference in BP bisection was mainly due to a small proportion of young children who were unable to perform the task.

The fit of BP data (sample 1) with the results of our function {a*exp[-(x -b)/ τ] + c} allows us to identify the age at which the BP value ceases to change. For the short durations, 8 the best predictor parameters were a = 0.72, b = 48.25, τ = 0.71, c = 0.0004, Sumsquares = 1.16, LSD = 0.01, and for the long duration a = 6.89, b = 142.30, τ = 34.72, c = 0.10, Sum = 59.09, LSD = 0.83. The values of the least least-squares indices (Sumsquares and LSD) accounting for the differences between the empirical data and the adjusted model indicated a good fit for the function with the data for the short durations. Although there is no law or mathematical process allowing us to decide from when on the model is significantly different from the empirical data, it appears that the least-squares indices are higher for the long durations. This indicates important inter-individual differences in the BP values for the long durations. In our function, 5 τ is equal to 5*(τ + b). Therefore, for the short duration, 5 τ = 51.8 (5 * 0.71 + 48.25 = 51.8). In other words, the BP value no longer varied from the age of 52 months (4.3 years), and systematically converged toward a BP value of 0.716 s, which is close to the geometric mean(√0.5𝑥𝑥1 = 0.707 (Figure 2). 9 For the long duration, the BP would reach its final value (y = 69.76) at the age of 316 months (5*34.72 + 142.30 = 315.9), suggesting great inter-individual differences in BP values across all ages (Figure 2). The inter-individual variability in the BP value was therefore lower for the short than for the long durations. The point of subjective equality (PSE) in temporal bisection thus reached a value characteristic of that of adults at the early age of four years for the short duration and never reached a stabilization point for the long duration. Both of these findings are consistent with the results of studies showing the absence of a significant agerelated differences in the BP.

As show in Figure 3, the model based on our second sample showed a later convergence for short durations, with 5τ = 194.0 (16.17 

Weber Ratio

Figure 4 shows the mean and standard deviation of the WR for the different ages in the short and the long duration condition for all participants (sample 1). The regression analyses indicated that the time sensitivity was a function of age for both the short, F(1, 107) = 21.23, p < .001, η 2 = 0.17 and the long durations, F(1, 90) = 11.01, p = 0.001, η 2 = 0.11. For each month of age, the WR value decreased 0.003 points and 0.002 for each age in month for the short and the long duration, respectively (short duration: B = -0.003, ES = 0.001, β = -0.41, t = -4.61, p < 0.001; long duration: B = -0.002, ES = 0.001, β = -0.33, t = -3.32, p = 0.001). Therefore, the WR decreased significantly as children grow older, indicating a progressive improvement of sensitivity to time with increasing age from three to 20 years. Similar results were found for the second sample (selected sample), with a significant regression equation for both the short F(1, 99) = 17.22, p < 0.001, η 2 = 0.15, and the long durations, F(1, 86) = 7.31, p = 0.008, η 2 = 0.08. (B = -0.002, ES = 0.001, β = -0.39, i = -4.15, i < 0.001; B = -0.002, ES = 0.001, β = -0.28, i = -2.70, p = 0.008, respectively). The increase in time sensitivity with age is thus a robust effect observed in all samples.

The modeling of WR data for the first sample suggests that the children reached an adult-like time sensitivity at the age of six years for the short durations and 8 ½ years for the long durations. To establish these ages, we did not use the function described above {a*exp [-(x-b)/ τ] + c} because it did not fit well with our data, due to the great inter-individual variability in the WR values in children younger than five years (60 months). As previously suggested (based on the Matlab curve-fitting toolbox as well as the python SciPy toolbox), a better fit can be obtained by using a reversed exponential function, thus keeping the advantage of a time constant, i. In sum, at six years (77.7 months) the WR value has reached a value that no longer changes despite the increase in age, with a WR close to 0.21 (Figure 5). For the long duration, the asymptote was similar (y = 0.21), but it converged later, at the age of 8.75 years (105 months) (5*6.50 + 72.31). 14 

Discussion

The aim of this study was to identify the age at which timing abilities mature, i.e., it reaches an adult-like level in a temporal bisection task, for both the processing of short durations of a few hundred milliseconds and that of longer durations of several seconds. The data obtained on a large sample of participants aged from three to 20 years was modeled using exponential shape functions. The modelling of data was carried out on two different samples. The first 16 included all participants (excluding those who failed to understand the task), regardless of their poor performance in the temporal bisection task. The second rejected "bad performers" (6% of the first sample). The cause of their poor performance was nevertheless not identified. It may be related to their low attention capacities (lower than that of the others), such that they sometimes responded randomly in bisection [START_REF] Droit-Volet | Temporal bisection in children[END_REF], or their poor motivation for the tasks.

When we considered all participants, except those systematically giving only one answer (e.g., always short or always long), the developmental curve of the sensitivity to time (WR values) reached a floor threshold at the age of six years for the short durations and 8 years for the long durations. When we excluded the "bad performers" from this sample, the developmental curve was stable at about the same age for the long duration (seven years), and at earlier age for the short durations, before three years, i.e., as early as 2.4 months as suggested by the data modeling. In contrast, for the BP, our modeling was unable to find a point of convergence for long durations, regardless of the sample selected. We nevertheless succeeded to find a stabilization in the BP values through ages at about four years old for the whole sample and 16 years for the selected sample.

Although surprising, the modeling results for the BP are consistent with the behavioral results of developmental studies testing two or three age groups. Indeed, the failure of our modelingmodeling to converge to a value accounts for the absence of a age effect on BP found in the developmental studies [START_REF] Droit-Volet | Temporal bisection in children[END_REF]Droit-Volet & Zélanti, 2013b;[START_REF] Droit-Volet | Cognitive abilities required in time judgment depending on the temporal task used: a comparison of children and adults[END_REF]. However, our model suggests that this absence of a age effect was mainly due to a great inter-individual difference in the BP values. This calls into question the averaged BP values obtained in the bisection studies. Wearden andFerrara (1995, 1996) explained that the BP values fluctuate with the decision-making rules adopted by the participants according to the difficulty of the task. When the task is difficult, the decisional threshold varies according to the subjects' degree of confidence in their temporal judgment [START_REF] Lamotte | Confidence judgment in a temporal generalization task: Accuracy and sensitivity to task difficulty[END_REF] By modeling her bisection data, [START_REF] Droit-Volet | Scalar timing in temporal generalization in children with short and long stimulus durations[END_REF] has shown that the decision threshold directly depends on the noise in the representation of durations in memory. And the representation of long durations in memory is particularly noisy, at least noisier than that of short durations. The fuzzy representation of long durations in memory might thus explain the great inter-individual variability in the BP values and the impossibility to find a stabilization point over the ages. Unlike for the long durations, the data modeling for the short durations indicated a convergence point at the age of four years for the whole sample and at the age of 16 years for the selected sample. Normally, with a more selective sample an inverse result should have been expected with an earlier rather than a later convergence age. This simply suggests that the averaged BP value for the short durations was biased by the results of children who did not succeed in the bisection task. From a mathematical point of view, it could be stated that our modelling becomes more sensitive as the individual differences are extracted. As such, the fit becomes more sensitive to inter-individual variations when children who failed the bisection task are removed. Without this bias, there was no converging value due to the absence of a age effect or a late convergence probably related to the development of decision-making skills.

Our data modeling is more informative and convincing for the WR values -the time sensitivity -because it showed clear results, which are in addition entirely consistent with those of developmental studies [START_REF] Coull | Explicit understanding of duration develops implicitly through action[END_REF][START_REF] Droit-Volet | Development of time[END_REF]. Indeed, it confirms that the time sensitivity increases with age. Furthermore, it clearly indicated an age threshold at which no further differences occur for the two samples. For the whole sample, the convergence age was six years for the short durations and 8 ½ years for the long durations. In other words, the time sensitivity in bisection stops improving at six years and at eight to nine 17 years for short and long durations, respectively. This provides additional evidence for key ages in the development of temporal abilities between five and eight years, with no difference being observed between eight-year-olds and adults. The WR values could significantly change between seven to nine years and adult age for longer durations than those tested in our studies (Droit-Volet & Zélanti, 2013b[START_REF] Droit-Volet | Cognitive abilities required in time judgment depending on the temporal task used: a comparison of children and adults[END_REF]. Our data modelling on the selected sample suggests that the point of convergence remained about the same for the long durations, at seven years instead of 8 ½ years. However, for the short durations, it was still earlier, i.e., at two months of age instead of six years. We have therefore been able to identify a developmental curve showing a decrease in the WR resulting in a stable value for both samples. However, it is important to highlight that the variability in the WR values was particularly high within our second sample, especially within long durations for children aged three to four years old. It is thus possible that part of the temporal responses were given by chance by these young children in the long duration condition, although their bisection curves were ordered with a significant increase of p(long) with increasing stimulus durations. The stabilization effect could thus have been detected even earlier if the participants with high WR were also removed from the sample. Nonetheless, this sorting of children is problematic in a developmental approach and it would take many participants to achieve this because accurate and low variating temporal performances are not representative of children at these young ages [START_REF] Droit-Volet | Development of time[END_REF].

Jointly, our analyses based on the two samples confirm an earlier improvement in time sensitivity with short than long durations [START_REF] Zélanti | Cognitive abilities explaining age-related changes in time perception of short and long durations[END_REF]. The developmental improvement in temporal performance is therefore mainly observed in the context of processing of long durations. This can be explained by the fact that short durations are processed more automatically than long durations (Grondin, 2010[START_REF] Grondin | Perception and Attention[END_REF][START_REF] Hallez | High levels of time contraction in young children in dual tasks are related to their limited attention capacities[END_REF]. Several studies have demonstrated that babies are able to judge stimulus durations of a few hundreds of milliseconds [START_REF] Brannon | Timing in the baby brain[END_REF][START_REF] Delavenne | Expressive timing in infant-directed singing between 3 and 6 months[END_REF][START_REF] Henning | Infant and maternal sensitivity to interpersonal timing[END_REF][START_REF] Provasi | Temporal bisection in 4-month-old infants[END_REF]. [START_REF] Zélanti | Cognitive abilities explaining age-related changes in time perception of short and long durations[END_REF] have also shown that the processing of long durations requires more working memory and attention capacities than that of short durations. In the same way, Droit-Volet and [START_REF] Coull | Explicit understanding of duration develops implicitly through action[END_REF] have found a significant effect of age in explicit time judgment but not in implicit time judgment. In addition, the age-related differences in the explicit time judgment were due to children's differences in attention and executive functions.

Our modeling of data in bisection therefore provided a new description of temporal development with key ages of maturity, but one that is entirely consistent with those observed in previous developmental studies using two or three age groups. Nevertheless, it is important to recognize the advantages and the limits of our approach. The number of participants per age and the amount of data available might be thought of as being a little inadequate in order to accurately match an age with the start of stabilization of timing parameters. Indeed, exponential decay functions were fitted with averages for each age in months, with only a few representatives available per group, at least for the ages of 12 and 15 years. If we had been able to access a large database with multiple representatives for each of the 324 months, it might have been possible to include variance within the same model. Nonetheless, the inter-individual variance in our data was very high for the three-year-old group but not for the other age groups (see Figures), and it should be noted that we tested a greater number of children (N = 15-17) in the younger age groups (four and five years). However, our method was based on the ages in months and not on the number of children per age range. In this case, all the data with very few representatives can be taken into account with very few. Furthermore, if the inter-individual variance had been too high a point of convergence could not have been obtained, as we have found for the BP in the long duration range. In other words, if the data in a noisy system converge at any given moment, then one can be confident that a stabilizing effect exists. We can therefore trust our model and its conclusions for the converged data when these are not too far outside the represented ages.

In conclusion, the originality of our study is to have succeeded in identifying age thresholds in time sensitivity above which no further changes are observed, thus indicating the attainment of maturity in timing abilities. From a clinical perspective, these ages can be used as reference in the early diagnosis of timing deficits. Timing deficits can be diagnosed from early childhood in a temporal bisection task with short durations, and at the age of six or seven years with long durations. As demonstrated by [START_REF] Provasi | Temporal bisection in 4-month-old infants[END_REF], it is possible to use a temporal bisection task with short durations in babies. Furthermore, Rammsayer and his colleagues have showed that performance in explicit timing tasks is a better predictor of intelligence than performance on other cognitive subtests [START_REF] Rammsayer | Performance on temporal information processing as an index of general intelligence[END_REF][START_REF] Troche | The influence of temporal resolution power and working memory capacity on psychometric intelligence[END_REF]. The early detection of timing deficits by means of the bisection task can therefore permit early remedial treatment, thus promoting a rapid improvement in timerelated and cognitive capacities during a critical period of development, which is characterized by high cerebral plasticity.
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 1 Figure 1. Mean bisection points with standard deviation materialized by the error bars for
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 2 Figure 2. Empirical data (dotted lines) and fitted functions (continuous lines) of the bisection points plotted against the participants' age in months for the short (0.5/1.0 -s) and the long

  years) (5*21.51 + 86.43 = 194.0, with the parameters a = 0.03, b = 86.43, τ = 21.51, c = 0.71 Sumsquares = 0.51, LSD = 0.005), while the program similarly fails to reach convergence for long durations with roughly 5τ = 1,.1903656056979 e+11 (5*1.73981761 e+10 + 3.20456803 e+10 = 1.1903656056979 e+11 , with the parameters a = 2.91542124 e+06 , b = 3.20456803 e+10 , τ = 1.73981761 e+10 , c = 1.54765371 e+07 . As discussed later, these results suggest a large inter-individual variability in the PSE in the temporal bisection task, such that it does not stabilize with increasing age, i.e., during the significant period of development.
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 3 Figure 3. Empirical data (dotted lines) and fitted functions (continuous lines) of the bisection points plotted against the participants' age in months for the short (0.5//1.0-s) and the long (5//10 -s) duration condition associated with the selected sample. The black cross indicates the 5τ value
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 4 Figure 4. Mean Weber Ratio with standard deviation indicated by the error bars for each age year going from 3 to 19 years, for the short (0.5/1.0 -s) and the long (5/10 -s) duration condition.
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 5 Figure 5. Empirical data (dotted lines) and fitted functions (continuous lines) of the Weber Ratio plotted against the participants' age in months for the short (0.5//1.0 -s) and the long (5//10 -s) duration condition associated with the first sample. The black cross indicates the 5τ value
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 6 Figure 6. Empirical data (dotted lines) and fitted functions (continuous lines) of the bisection points plotted against the participants' age in months for the short (0.5/1.0-s) and long (5//10s) duration condition associated with the selected sample. The black cross indicates the 5τ value

  

Acknowledgements

The authors thank Pierre Zélanti who was research assistant and collected a large proportion of the participants' data.