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Abstract

We measure time preferences in a sample of 561 children aged seven to eleven years. Using a within-
subject design we compare the behavior of our subjects in two distinct experimental tasks: a standard
choice list with multiple decisions and a simpler time-investment-exercise requiring one decision only.
We find that both measures yield very similar aggregate results, correlate significantly within subjects
and can be explained by basically the same explanatory variables. Advantages and disadvantages of
both measures are discussed. Our findings are relevant for the design of experiments to measure time

preferences.
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1. Introduction

Numerous studies in economics and psychology report a relationship between experimentally
elicited time preferences and economically relevant field behavior. For instance, patient adults
perform better in their job (Burks et al., 2009), have less credit card debt (Meier and Sprenger,
2010), pursue healthier lifestyles (Bickel et al., 1999; Kirby and Petry, 2004; Chabris et al.,
2008; Weller et al., 2008) and exhibit higher cognitive skills (Dohmen et al., 2010). Positive
effects of patience on important behavior have not only been documented for adults, but also
for children and adolescents. Sutter et al. (2013) show that the ability to delay gratification of
ten- to eighteen-year-olds is positively related to their attitudes toward saving, conduct at
school and health-related behavior. Bartling et al. (2010) find that patient five- to six-year-old
children exhibit higher verbal cognitive abilities and more pronounced pro-social behavior.
Most importantly, several studies find that time preferences in childhood predict economically
and socially relevant behavior in adulthood. Mischel et al. (1989) conducted a time preference
experiment with four-year-olds and interviewed their parents ten years later. Their findings
reveal that children who were more patient in the laboratory experiment were regarded as
being more attentive, competent, verbally fluent and dealing more maturely with stress.
Moffitt et al. (2011) conclude from their longitudinal study that “childhood self-control
predicts physical health, substance dependence, personal finances and criminal offending
outcomes® (p. 2693) in adulthood.

Most economic studies on time preferences employ choice lists in order to elicit time
preferences (see Frederick et al., 2002, for a review). In such experiments, subjects are asked
to make several choices in a series of binary tasks. In each task, the participant has to choose
between a smaller, but earlier, payoff and a larger payoff that is delayed in time. Either the
earlier payoff is held constant and the delayed payoff increases across choice tasks, or the
delayed payoff is fixed and the earlier payoff is decreasing from roughly the amount of the
delayed payoff down to a fairly small amount. Subjects are expected to switch from the
immediate to the delayed payment option at some point as the latter becomes more and more
attractive. The switching point serves as a proxy for patience: the sooner a subject turns down
the earlier payment in favor of the later one, the more patient he or she is. Typically, after
choices have been made, one task is randomly selected for payment.

Despite the widespread application of this methodology, it bears some important
disadvantages. First, there is no straightforward way to deal with inconsistent choice patterns.
A choice pattern is classified as inconsistent if the subject waits for a payoff of x, but not for a

payoff of y when y>x. Inconsistent choices are not uncommon in such experiments: up to



twenty percent of adult subjects choose inconsistently (see, for instance, Coller and Williams,
1999; Bettinger and Slonim, 2007). While several suggestions on how to handle such cases
have been made, all of them have their limitations.' Second, long lists of choices — of which
only one is paid out — may reduce the amount of cognitive effort that decision makers invest
into completing each task on the list. A third potential drawback of choice list methods may
be problems with comprehension. It is vital for measuring time preferences reliably that
subjects understand (i) the binary choice tasks, (ii) the fact that only one choice problem is
payoff relevant and (iii) the procedure with which the relevant decision is determined.
Therefore, a significant effort has to be made to explain the task and this becomes more
difficult the younger the participants are.

Given the importance of patience, respectively the ability to delay gratification,
already in childhood and adolescence, we are going to examine two different methods to
measure intertemporal preferences in children and try to compare them against each other. In
particular, we present choice data of 561 children aged seven to eleven years from two
experimental tasks to elicit time preferences: a standard choice list (CL) and a simpler time-
investment-exercise (TIE) which only requires one decision. Employing a within-subject
design and eliciting intertemporal preferences at an interval of six month, we show that both
measures exhibit quasi identical aggregate patterns and correlate significantly within subjects.

In a recent paper, Burks et al. (2012) compare four measures of time preferences” with
respect to their capability to predict economically important outcomes (smoking, BMI, credit
scores and job related outcomes). They find that all approaches have some predictive power
and that the (B, o)-model (Frederick et al., 2002), a formulation derived from choice list
exercises, performs best. In this paper, we extend Burks et al.’s (2012) valuable insights
toward an assessment of CL and TIE with respect to their connections to variables which are
particularly important for children. We find that patience measured with both methods can be
explained by virtually the same independent variables and thus argue that CL and TIE yield

robust proxies for time preferences in children.

' Some scholars exclude subjects with inconsistent choice patterns from the analysis (see, for instance, Harrison
et al., 2002) and others force subjects to make consistent choices (see, for instance, Dohmen et al., 2010). While
the former approach neglects potentially important behavioral traits (inconsistent choices don’t necessarily
coincide with a lack of understanding, see our results section), the latter restricts a subject’s choice set by design.
Another way to treat multiple switchers is to use their first consistent switching point and ignore subsequent
inconsistencies (see, for instance, Meier and Sprenger, 2010), an approach that ignores parts of the data. Yet
other solutions are to use the midpoint of the interval over which the subject is indifferent (see, for instance,
Lammers and van Wijnbergen, 2007) or to simply use the relative number of patient choices in a choice list as a
proxy for patience.

* The four measures are (i) the simple discount factor (o), (ii) an indicator of present bias (B), (iii) a new proxy
for impulsivity and (iv) a measure elicited through a battery of survey questions.



Our TIE method is closely related to what Andreoni and Sprenger (2012) have
introduced as the convex time budget method. In their experiment, subjects had to allocate a
fixed amount of money between an earlier and a later date. They let each subject make 45
convex time budget decisions which varied with respect to the interest rate for delaying the
money to the later date, the date of the earlier payment and the delay length between the
earlier and the later date. From the choice data, the authors estimate discount rates, utility
function curvature as well as present bias. We abstained from these parameter variations and
let children only make a single decision with the TIE method in order to keep the exposition
as simple as possible. Comparing it with the traditional CL method we are then interested in
the factors explaining choices in both methods.

Furthermore, our data allows us to investigate the behavioral traits of a relatively large
number of subjects who choose inconsistently in the traditional choice list design (N=127).
While their decisions in TIE highly correlate with the relative number of patient choices in
CL, we find that the explanatory variables which predict our consistent subjects’ behavior
very well prove insignificant for participants with inconsistent choice patterns. It is interesting
to note that this lack of predictive power persists across tasks, but does not contaminate the
results in the whole sample. As TIE picks up roughly the same behavioral traits as CL, TIE
seems like a simple and easily comprehensible alternative to traditional choice lists, at least

when doing experiments with children.

2. Experimental Design
We present data from 561 children who participated in two experiments that measured their
time preferences. These children were attending the Italian-speaking primary schools in the
city of Meran in South Tyrol, Italy, and were aged 6 to 11 years. In the first experiment we
used the choice list (CL) design. Each child had to make choices in three binary decision
tasks. In each task, the child could either get 2 tokens at the end of the experimental session or
a larger number of tokens (either 3, 4, or 5) in four weeks’ time. Tokens could be exchanged
for small presents (e.g., stickers, arm wrists, sweets, pencils). The three tasks were first
explained — either in ascending order (starting with 2 tokens now versus 3 tokens in four
weeks) or descending order (starting with 2 now versus 5 in four weeks) — and then children
had to indicate their choice for each task. One choice was randomly implemented for
payment.

In the second experiment, run six months after the first one, we employed the time-

investment exercise (TIE). Children were endowed with 5 tokens and had to decide how many



tokens to consume immediately (by exchanging them into small presents) and how many
tokens to invest into the future. Each invested token was doubled and paid out four weeks
after the experiment (as in CL).

In both experiments, the classroom teachers delivered the presents to the children in
sealed envelopes exactly four weeks after the experiment in the case a child had chosen a
delayed payment. With this approach we avoided transaction costs for our subjects and
minimized uncertainty® about the delayed payments.

For logistical reasons, we ran both experiments always in the same order with all
participating children. Therefore, the order might play a role. To check for that, we can
compare the number of invested tokens of 35 (additional) children who only participated in
TIE, but not in CL, with the TIE-decisions of participants of both experiments. We find no
statistical difference between the two groups (Mann-Whitney U Test; p > 0.1; see also the
Ordinal Probit Regression in Table Al in the Appendix). Thus, it seems that prior exposure to

CL does not influence behavior in TIE, at least.

3. Results

In this section we discuss the results for those 561 subjects who participated in both
experiments (see Table 1). Figures 1 to 3 show the average relative share of patient choices in
both experiments for (i) all subjects (N=561), (ii) subjects who decided consistently in CL
(N=434) and (ii1) subjects with inconsistent choice patterns in CL (N=127). The relative share
is given by the number of patient choices divided by the three choices in CL. In TIE we divide
the number of invested tokens by the total endowment (of 5 tokens).

Comparing the two measures both in Figure 1 and 2 we find hardly any difference in
the relative share of patient choices. In fact, none of the differences is statistically significant,
meaning that the relative share of patient choices is indistinguishable between CL and TIE in
each age group (p > 0.1; paired t-tests). Furthermore, we find that, irrespective of the
measurement method, patience increases significantly with age (p < 0.01 Cuzick’s Wilcoxon-
type tests for trend). As the results from both experiments are very similar in the aggregate,
we conclude that both measures pick up basically the same behavioral traits. This is true

whether or not we allow for inconsistencies in CL. Figure 3 shows the average rates of patient

® Uncertainty was furthermore reduced by the fact that the choice-list experiment was the third experiment
conducted with these children. Therefore children had already experience with economic experiments (on social
preferences) and receiving delayed payoffs (from previous experiments that were not related to intertemporal
choice, though).



choices for subjects who exhibited inconsistent choice patterns in CL. It reveals that they are
classified as less patient in TIE than in CL (p < 0.01, paired t-test).”

So far we have compared the aggregate data across both methods for eliciting time
preferences, but we have not yet discussed within-subject behavior. In order to investigate
effects on the individual level we employ, first, a graphical analysis of a contingency table on
both measures in Figure 4. It shows the number of patient choices in CL and the number of
tokens that have been saved for the future in TIE. On the horizontal axis, the width of the bars
differs across categories because they indicate the relative frequency with which a specific
number of tokens was saved for the future. The figure suggests that saving more for the future
in TIE is positively related to the number of future-oriented choices in CL (p < 0.01 Cuzick’s
Wilcoxon-type tests for trend).

Furthermore, when running a series of Spearman’s rank correlations between both
measures of relative patience (see Table 2) we find for both the full sample and the subsample
with consistent choices that the two measures of patience are highly correlated (p > 0.2 with p
< 0.02 for each age group; except for 7/8 year olds). Subjects with inconsistent choices
exhibit a similar pattern: the Spearman rank correlation coefficient for this subsample is 0.150
(» < 0.1). This finding casts doubt on the conjecture that inconsistencies arise due to
misunderstandings and suggests that the relative sum of patient decisions in a CL task could
be used for “rescuing” inconsistent choice patterns. These positive and significant correlations
underpin the fact that both measures reflect the same underlying behavioral trait, even for
subjects with inconsistent choices in CL.

Inspired by Burks et al. (2012), we ran a series of ordered probit regressions with the
number of patient choices in CL, respectively the number of invested tokens in TIE, as the
dependent variable in order to investigate whether both measures are mainly explained by the
same independent variables. This exercise aims to investigate how important explanatory
variables can predict time preferences measured with the two different methods. Table 3
shows that well-established results on the determinants of patience can be reproduced with
both of our measures for our whole sample (see specifications [1] and [2]) and the consistent
subsample (see specifications [3] and [4]): in accordance with prior findings (Anderhub et al.,
2001; Bettinger and Slonim, 2007; Bartling et al., 2010) age, the propensity to take risks and
IQ have a significant effect on our subjects’ degree of patience. In contrast to that, we find a

negative and significant female-effect in CL, but not in TIE. As the evidence on gender

* We show the relative rate of patience over all age groups because the number of observations for each age
group is too low to compare both measures in a statistically meaningful manner for single age groups.



differences in time preferences seems inconclusive’, it might be that gender effects depend
upon the measurement method employed and thus should be treated with caution. Apart from
that, our analysis reveals that major explanatory variables for time preferences in children
perform well for both measurement methods.

In specifications [5] and [6] we only consider subjects with inconsistent choice
patterns in CL and find that a rather different picture emerges: None of the before mentioned
variables can explain time preferences of these subjects while there is a marginally significant
and positive female-effect in TIE, but not in CL. The fact that our control variables perform
equally (bad) when predicting the behavior of these subjects in both tasks reveals a
remarkable similarity of both measures. It is reassuring, however, that, while we can’t
establish well known determinants of patience as predictors within our inconsistent sample,
including these subjects in the whole sample renders all effects of the consistent subsample

identical in sign and significance.

4. Conclusion

In this paper, we have compared two methods that can be used to measure time preferences.
The methods have been applied to let children make intertemporal choices. One of the
methods we used is a standard choice list task, where children have to make multiple choices,
of which one is randomly selected for payment. The other method requires a much simpler,
and single, choice how much of an endowment to invest into the future. We have found that
both methods yield very similar results — on the aggregate and individual level —and that

behavior under both methods is basically explained by the same factors.

> Some studies report that females are more patient than males (Bettinger and Slonim, 2007) while others do not
find any significant difference (Sutter et al., 2013).
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Tablel

Number of subjects participating in both experiments, by age and gender

Age (in years) Female Male Total
7/8 years 71 74 145
8/9 years 59 80 139
9/10 years 52 74 126
10/11 years 75 76 151
ALL 257 304 561
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Table 2

Spearman’s rank correlations between both measures (p-

values in parentheses)

SUBJECTS

Age (in All (N=561) Consistent (N=434)
years)

7/8 years 0.083 (0.321) 0.048 (0.609)
8/9 years 0.292 (0.001) 0.287 (0.003)
9/10 years 0.254 (0.004) 0.285 (0.005)
10/11 years 0.203 (0.012) 0.227 (0.013)
Overall 0.252 (0.000) 0.282 (0.000)
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Table 3
Ordered probit regressions with different measures as dependent variable

Explanatory variables All Subjects Consistent Inconsistent
[1] [2] [3] [4] [5] [6]
# of patient choices # of tokens # of patient choices ~ # of tokens  # of patient choices # of tokens
(CL task) invested (TIE) (CL task) invested (TIE) (CL task) invested (TIE)
Age (in years) 0.218*** (0.253 %% 0.264*** 0.287*** 0.060 0.089
(0.034) (0.039) (0.045) (0.044) (0.089) (0.073)
Female (=1) -0.210** -0.069 -0.282%* -0.159 0.237 0.365*
(0.010) (0.096) (0.119) (0.116) (0.280) (0.208)
Risk-taking propensity’ 0.137%#** 0.095%%* 0.158*** 0.123** -0.095 -0.054
(0.045) (0.046) (0.053) (0.055) (0.092) (0.093)
Relative 1Q® 1.032%** 1.033%** 1.207%*** 1.066*** -0.131 0.658
(0.253) (0.233) (0.354) (0.255) (0.698) (0.476)
cutl
Constant 2.720%** 3.008%** 3.634%** 3.378%** 0.673 0.963
(0.432) (0.444) (0.561) (0.504) (1.005) (0.772)
cut2
Constant 3.732%** 3.624%** 4.434%%* 4.030%** 1.496*
(0.459) (0.454) (0.597) (0.519) (0.778)
cut3
Constant 4.466%** 4.189%#* 4.955%H* 4.536%** 2.284%H*
(0.484) (0.449) (0.621) (0.516) (0.761)
cut4
Constant 4.634%** 4.982%** 2.7759%**
(0.454) (0.526) (0.774)
cutS
Constant 4.864%** 5.169%** 3.23%**
(0.448) (0.521) (0.819)

12



Observations”® 550 550 424 424 126 126

Notes. *** ** * denote significance at the 1%, 5%, 10% level, robust standard errors in parentheses. Clustered on class level.

" Number of tokens invested in a risk experiment (min=0; max = 5). The risk taking experiment was run between the two experiments on time preferences. The
child had to decide how many of five tokens to invest in a lottery that doubled the number of invested tokens with a 50% probability, while with 50% probability
the child lost the invested tokens (Charness and Gneezy, 2010). Non-invested tokens were safe earnings for the child.

* The IQ was measured relative to the respective grade (values above 1 indicate above average IQ in the respective grade; values below 1 indicate below average

1Q)

* Eleven children did not take part either in the risk taking experiment or the IQ measurement. Therefore the number of observations drops from 561 to 550.

13



Fig. 1: Relative frequency of patience in both experiments, all subjects (N = 561 overall)
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Fig. 2: Relative frequency of patience in both experiments, subjects with consistent choice patterns (N
=434 overall)
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Fig. 3: Relative frequency of patience in both experiments, subjects with inconsistent choice patterns
(N =127 overall)
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Fig. 4: Relative frequency of patience in the choice list task conditional on the level of patience in the
time investment exercise (N = 561)
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Appendix

Table Al
Ordered probit regression checking for order effects in the TIE task

Explanatory variables # of tokens invested (TIE)

Age (in years) (0.233%**
(0.039)

Female (=1) -0.044
(0.088)

Number of siblings -0.045
(0.038)

Both tasks (=1)° 0.078
(0.205)

cutl

Constant 1.634%%#*
(0.426)

cut2

Constant 221 1%**
(0.436)

cut3

Constant 2. 771 %**
(0.434)

cut4

Constant 3.224% %%
(0.431)

cut5

Constant 3.445% %%
(0.430)

Observations 596

Notes. *** ** * denote significance at the 1%, 5%, 10% level, robust standard errors in parentheses.

Clustered on class level.

¥ The variable “Both tasks” indicates whether someone participated in both experiments (=1; N=561)

or only in the TIE task (=0; N=35).
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Appendix A. Experimental instructions (translated from Italian)

Note: Italic font is used for the instructions to the experimenter.

Experimental instructions “Time preferences — choice list task”

Register the order of explanation (blue first or green first) in the computer.

Good morning. My name is ... Today I have prepared a game for you. In this game you can
earn tokens. With these tokens you can buy some presents in our shop. Each present costs 1
token. You can choose your favorite present in our shop and you will get equally many pieces
of this present as many tokens as you have earned in this game. The game consists of 3 parts.
The blue part, the yellow part and the green part (when mentioning the parts please point at
the respective decision sheets).

The game works as follows:

In the blue part you have to decide whether you prefer receiving 2 tokens (please point at the
tokens on the decision sheet) immediately, in this case please tick THIS box (point at the
respective box), or whether you prefer receiving 3 tokens in 4 weeks, in that case please tick
THAT box (point at the respective box). If you want to receive 2 pieces of your favorite
present, you will get the presents immediately after the game. If you rather want to wait, you
will get three pieces of your favorite presents in 4 weeks. This is the blue part. Could you
please repeat the rules of the game? (If the child is unable to repeat, please explain the game
again; the child has to be able to repeat the correct meaning of the game autonomously.)

The yellow part is very similar to the blue part. Here you see the decision sheet for the yellow
part. Again, there are 2 tokens on the left-hand side, but on the right-hand side there are 4
tokens now. What do you think will happen if you tick THIS box? (please point at the box
with the immediate reward) What do you think will happen if you tick THAT box? (please
point at the box with the delayed reward of four tokens; the child has to answer the questions
correctly, otherwise the experimenter has to repeat the explanation).

The green part is very similar to the blue and yellow part. Here you see the decision sheet for
the yellow part. Again, there are 2 tokens on the left-hand side, but on the right-hand side
there are 5 tokens now. What do you think will happen if you tick THIS box? (please point at
the box with the immediate reward) What do you think will happen if you tick THAT box?
(please point at the box with the delayed reward of five tokens; the child has to answer the
questions correctly, otherwise the experimenter has to repeat the explanation).

It is important to note that at the end only one of the three parts counts. That means that you

will receive the tokens for one of the three parts only. After your decisions I will mingle the

17



three decision sheets under the table (please demonstrate; Attention: you have to handle the
sheets such that the child is not able to see the color of the respective sheet! You need to cover
the three parts with an additional large-format sheet when placing the sheets on the table for
drawing) and then you can draw one of the three parts. (In what follows, adapt the
explanation to the order in which you draw the sheets:) If you draw the blue part
(demonstrate the drawing of the first sheet), only the blue part counts and you will receive the
tokens for this part only. The other two parts do not count in this case. If you, for example,
ticked THIS box (please point at the box with the immediate reward), what happens? If you,
for example, ticked THAT box (please point at the box with the delayed reward), what
happens (child must answer both questions correctly;, IMPORTANT: give both examples!)? 1f
you however draw the yellow part (demonstrate the drawing of the second sheet), only the
yellow part counts and you will receive the tokens for the yellow part only. The other two
parts do not count in this case. If you draw the green part (demonstrate the drawing of the
third sheet), only the green part counts and you will receive the tokens for the green part only.
The other two parts do not count in this case. However, you need to make a decision for each
of the three parts because you don’t know yet which part will be drawn at the end of the
game. Could you please repeat the last part? Will you receive the tokens for all three parts?
Do you need to make a decision for each of the three parts? (If the child answers incorrectly
the experimenter has to repeat the explanation of this part.)

Please take your decision for each of the three parts now (place the decision sheets side by
side on the table, the child should fill out the decision sheets from left to right). Start with this
part (point at the first decision sheet (blue or green, depending on the order of explanation))
and continue with this part (point at the second decision sheet) and finally make your decision
in this part (point at the third decision sheef). Take as much time as you need. In the

meantime [ will turn around so that I don’t disturb you. Just call me when you are done.

18



Fig. A.1: Decision sheets for the choice list tasks (translated from Italian)
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Experimental Instructions for the time-investment-exercise (TIE)

Good morning. My name is ... Today’s game works as follows:

At the beginning you will receive 5 tokens (please place the 5 tokens in front of the child).
You have to decide how many of these 5 tokens you want to put in the box labeled NOW
(point at the left box) and how many tokens you want to put in the box labeled “4 WEEKS”
(point at the right box). You will receive the tokens that you put in the box “NOW”
immediately after the game and you can use these tokens for buying presents in our present
shop. You can take these presents home today. Each token that you put in the box “4
WEEKS” will be doubled and you will receive the presents that you choose with these tokens
in 4 weeks only.

Let’s consider an example: If you, for instance, want to receive two tokens today, what do
you have to do? (Answer of the child: “I have to put 2 tokens in the left box) And what
happens with the other 3 tokens? (Answer: I have to put these tokens in the right box”; please
let the child demonstrate this) How many tokens will be added to this box? (point at the right
box; answer of the child: “3”; please demonstrate!) How many tokens are in the box in total?
(Answer: 6). When will you receive the presents which you can choose with these 6 tokens?
(Answer: in 4 weeks). And what happens if you put 5 tokens in that box? (point at the left box,
Answer: then I will receive 5 tokens immediately after the game and I can choose presents
with these 5 tokens which I can take home today). And what happens if you put all 5 tokens in
that box? (point at the right box; Answer: then these tokens will be doubled and I can choose
presents with the 10 tokens which I will receive only in 4 weeks.) Could you please repeat the
rules of the game? (If the child is unable to repeat, please explain the game again, the child
has to be able to repeat the correct meaning of the game autonomously.)

Please take your decision now. You have to put the tokens which you want to receive today in
this box (point at the left box) and the tokens with which you can buy presents which you will
receive in 4 weeks in that box (point at the right box). Take as much time as you need for
your decision. In the meantime I will turn around so I don’t disturb you. Just call me when

you are done.
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Fig. A.2: Decision sheet for the time-investment-exercise (TIE, translated form Italian)

NOW 4 WEEKS
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