
Supplementary Material for:
How a second language and its future time reference impacts 

intertemporal decision: A holistic perspective

1 Scoring of MCQ in Study 1 

The Monetary-choice Questionnaire (Kirby & MarakoviĆ, 1996) comprises 21 pairs of intertemporal options. Each pair of options includes a small but immediate reward and a larger but delayed reward with delays ranging from 10 to 75 days. Participants were required to choose between the two options. 

When scoring the discount rate, the 21 choice trials in the MCQ define 20 bounded ranges of discount rate (from 0.0007 to 0.1310, detailed information please see the Table 1 in Kirby & MarakoviĆ, 1996) based on the hyperbolic (or exponential) model. Then, if a participant chooses the immediate reward on the trials with a discount rate of 0.0007 but the delayed reward from the trial on down with a discount rate of 0.003, the MCQ could score his/her discount rate as roughly between 0.0007 and 0.003.

Recent research has developed an automatic scorer to include the above process iteratively (Kaplan, Amlung, Reed, Jarmolowicz, & Lemley, 2016). Thus, once we input the participant’s answer for each item in MCQ, the automatic scorer can calculate and output the discount rate.
2 AUC as an index for discounting and subjective future perception
In Study 2 and Study 3, we used the area under the curve (AUC) method as an index to measure both future discounting and subjective future perception (Jiang & Dai, 2021). Here, we introduce the calculation of AUC in detail:

Taking the use of AUC to assess intertemporal decision as an example (as shown in Figure S1), firstly, we calculated T1 to T140, which represent the standardized delayed days, ranging from [image: image2.emf]
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. Then, we calculated S1 to S140 for each participant, which equals to [image: image6.emf]
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, representing their subjective value of 100 RMB on different delayed days. Finally, based on the following formula, we calculated the area of the six trapezoids and summed them up. A smaller intertemporal AUC means that the individual has a higher discount rate (i.e., discounts the future reward more).
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Figure S1. Using one participant’s data as an example of the intertemporal AUC method.

Similar to using AUC to compute intertemporal decision, we calculated the AUC for subjective future perception by replacing S1 to S140 with participants’ subjective future perception (answered on a 11-point Likert scale). A larger subjective future perception AUC means that the individual has a more distant subjective future perception, (i.e., perceives future events to be more distant).
3 Supplementary analyses for Study 1 

3.1 Analysis without control variables (t-test)
Two independent t-tests were conducted to compare the group difference on future-orientation and discount rate. For future-orientation, participants in the English group showed significantly lower future-orientation compared with those in the Chinese group, t (190) = 2.63, p = .009, Cohen’s d = 0.386. However, for discount rate, the group difference is not significant, t (190) = - 1.29, p = .198, Cohen’s d = 0.190. With the default prior, the Bayesian independent t-test also provide moderate evidence for the language effect on future-orientation, BF10 = 3.853. However, anecdotal evidence was shown to support that there is no language effect on discount rate, BF10 = 0.347.

In sum, these results were consistent with the ANCOVA and the Bayesian ordinal regression which we reported in the main text.

3.2 Interaction between control variables and language groups
It is possible that the language effect may vary with some individual difference. To test these possibility, we conducted a series of regression models included the interaction term between language group and our main control variables. 

For future-orientation, these results showed none of these interaction was significant, age × group: β = - .30, p = .657, gender × group: β = - .07, p = .575, CRT × group: β = - .08, p = .678, Berlin numeracy test × group: β = - .11, p = .457. Still, for discount rate, these results showed none of these interaction was significant, age × group: β = - .17, p = .060, gender × group: β = .002, p = .987, CRT × group: β = .14, p = .454, Berlin numeracy test × group: β = .10, p = .478.
Please note that since the test of interaction effect need greater statical power (Blake & Gangestad, 2020), most of these preliminary test of interaction could be underpowered. In other words, these insignificant results still could not exclude the possibility that language effect may interact with some individual factors.

3.3 Mediation test on future orientation
Adhere to the LSH mediation model, we tested the mediating effect of future orientation on temporal discounting. Based on 2000 Bootstrap simulations, the direct effect of language group on temporal discounting was insignificant, β = 0.096, 95% CI = [-0.071, 0.275], p = .281; the indirect effect of language group through future orientation was also insignificant, β = -0.005, 95% CI = [-0.037, 0.029], p = .762. These results did not support the mediation model through future orientation. 

3.4 The Bayesian robustness check with different prior width
Bayes factors could be sensitive to the chosen priors. According to previous meta-analysis (Circi, Gatti, Russo, and Vecchi (2021), the effect size of the foreign language effect should be roughly d = 0.30 (a small to medium mean effect size, Hedge’s g = 0.22). This known effect size enables us to set a more specific prior width when doing the Bayesian analysis. 
Following the instruction of Schmalz, Biurrun Manresa, and Zhang (2021), we tried to set the prior width to 0.1 (corresponds to a probability of 80% that the effect size lies between d = - 0.3 and 0.3) when doing the Bayesian t-test. After adjusting the prior width, the results remained unchanged. Moderate evidence was shown to support that participants using English had a lower future-orientation, BF10 = 3.703. However, anecdotal evidence was shown to support that there is no language effect on discount rate, BF10 = 0.897. 

Besides the robustness check with the prior width of 0.1, to show the relationship between BF10 and prior width, we also provided a robustness check plot with wide or ultrawide prior width (please see the plot below). These results showed that even the prior was down-adjusted, our main results still did not change.
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Figure S2. Bayesian robustness check in Study 1

3.5 The density and trace plot of the Bayesian mixed-effect models
In Study 1, we used Bayesian mixed-effect ordinal / Logistic model to analysis the language effect on future-orientation / temporal discounting. Both Bayesian models showed good convergence and stability (with Rhat < 1.01). See the trace plot below. 
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Figure S3. The trace and density plots for the effect of language group on future-orientation (a, ordinal model) and temporal discounting (b, Logistic model) in Study 1

4 Supplementary analyses for Study 2

4.1 Analysis without control variables (t-test)
Independent t-tests were conducted to compare the group difference on future-orientation, intertemporal AUC and subjective future perception AUC. For future-orientation, participants in the English group showed significantly lower future-orientation compared with those in the Chinese group, t (421) = 8.26, p < .001, Cohen’s d = 0.804. However, for intertemporal AUC, the group difference is not significant, t (421) = 1.78, p = .075, Cohen’s d = 0.174; for subjective future perception AUC, the group difference is not significant, t (421) = 0.21, p = .838, Cohen’s d = 0.020.

With the default prior, the Bayesian independent t-test provide decisive evidence for the language effect on future-orientation, BF10 > 100. However, anecdotal evidence was shown to support that there is no language effect on intertemporal AUC, BF10 = 0.500; moderate evidence was shown to support that there is no language effect on subjective future perception AUC, BF10 = 0.110.

In sum, these results were consistent with the ANCOVA and the Bayesian ordinal regression which we reported in the main text.
4.2 Interaction between control variables and language groups
Similar to the analysis in 3.2, for Study 2, we also conducted a series of regression models included the interaction term between language group and our main control variables. 

For future-orientation, these results showed none of these interaction was significant, age × group: β = .08, p = .676, gender × group: β = - .02, p = .829, CRT × group: β = .15, p = .151, education level × group: β = - .83, p = .278. 

For intertemporal AUC, these results showed none of these interaction was significant, age × group: β = - .02, p = .931, gender × group: β = - .01, p = .883, CRT × group: β = .03, p = .759, education level × group: β = - .12, p = .142.

For subjective future perception AUC, these results showed none of the following interaction was significant, age × group: β = - .04, p = .863, gender × group: β = .02, p = .793, CRT × group: β = .06, p = .597. However, the language group significantly interacted with education level, β = .22, p = .007. The simple effect analysis showed that the difference between participants with (0.634) and without (0.633) a post-graduate degree in Chinese group was not significant, p = 957; but in English group, participants with a post-graduate degree (0.691) had a significantly more distant subjective future perception than those without a post-graduate degree (0.595), p < .001. This unexpected pattern could be partly explained by our unbalanced sampling (and this pattern could not be replicated by our Study 3, see 5.2), since there significantly more post-graduated participants in English group (24.65%) than in Chinese group (37.02%).
Still, we called attention that low power could be the main limitation of these preliminary test of interaction.
4.3 Mediation test on future orientation and subjective future perception
Here, we tested the mediating effect of future orientation and subjective future perception on temporal discounting. Based on 2000 Bootstrap simulations, the direct effect of language group on temporal discounting was insignificant, β = 0.096, 95% CI = [-0.071, 0.275], p = .281. The indirect effect of future orientation was insignificant, β = 0.001, 95% CI = [-0.014, 0.016], p = .936. The indirect effect of subjective future perception was also insignificant, β = 0.001, 95% CI = [-0.003, 0.006], p = .656. These results did not support the mediation model through future orientation or subjective future perception. 

4.4 The Bayesian robustness check with different prior width
Similar to the analysis in 3.3, we tried to set different prior width when doing the Bayesian t-test as the robustness check. After adjusting the prior width to 0.1, most of our results remained unchanged. Decisive evidence was shown to support that participants using English had a lower future-orientation, BF10 > 100; anecdotal evidence was shown to support that there is no language effect on subjective future perception, BF10 = 0.521. However, the BF10 of language effect on temporal discounting was flipped from below to above than 1, BF10 = 1.294, providing anecdotal evidence to support a language effect on discounting. 
Please see the plot below for the relationship between BF10 and prior width. These results showed that even when setting an extremely small prior parameter, most of our main results still did not change. And, although the BF10 of language effect on temporal discounting was flipped up, the evidence was not strong enough (BF10 is quite near to 1) to claim there is a language effect on discounting.
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Figure S4. Bayesian robustness check in Study 2
4.5 The Bootstraps robustness check of AUC
To solve the non-normality of AUC, we used the Bootstrap analysis as the robustness check. Consistent with our ANCOVA, the intertemporal AUC and the subjective future perception AUC were set as independent variables respectively, and the dependent variables were language group, age, gender, education level and CRT score. 

Based on 2500 Bootstrap replicates, both the 95% Bootstrap CI of language effect included zero, for intertemporal AUC = [-0.299, 0.100] and for subjective future perception AUC = [-0.046, 0.025]. See the Figure S3 for a graphical view of our distribution of the Bootstrapped samples. The difference between the Bootstrap estimation and the sample estimation of the language effect (i.e., the Bootstrap bias) is quite small, for intertemporal AUC = - 0.00022, for subjective future perception AUC = 0.00018. These results suggested a fair stability of our main results, and consistently showed that there is an insignificant and negligible language effect on temporal discounting and subjective future perception. 
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Figure S5. The distribution of Bootstrapped samples in Study 2

4.6 The density and trace plot of the Bayesian mixed-effect models
In Study 2, we used Bayesian mixed-effect model to analysis the language effect on future-orientation (ordinal model), temporal discounting (Logistic model) and subjective future perception (ordinal model). All these Bayesian models showed good convergence and stability (with Rhat < 1.01). See the trace plot below. 
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Figure S6. The trace and density plots for the effect of language group on future-orientation (a, ordinal model), temporal discounting (b, Logistic model) and subjective future perception (c, ordinal model) in Study 2

4.7 Analysis excluding participants did not meet the monotonic assumption
There is a common monotonic assumption with regards to intertemporal decision-making, i.e., that longer delayed days should be matched with larger delayed rewards. Thus, we conducted additional analysis excluding those participants who did not meet this assumption (see Table S1). In short, these results were the same as those reported in the main text.

Table S1. All measured variables for both Chinese and English groups in Study 2 & 3 (excluding participants did not meet the monotonic assumption) (M ± SD)

	Study
	Variables
	Language groups
	p

	
	
	Chinese (n=157)
	English (n=149)
	

	Study 2
	N (Male %)
	157 (50%)
	149 (55%)
	.477

	
	Age (years)
	31.47±6.85
	29.50±6.55
	.011

	
	Post-graduate degree (%)
	25.48%
	40.94%
	.006

	
	Cognitive reflection test
	2.15±0.88
	1.96±1.02
	.076

	
	Future orientation 
	3.30±0.24
	3.09±0.29
	<.001

	
	Intertemporal AUC
	0.38±0.18
	0.36±0.18
	.391

	
	Subjective future perception AUC
	0.63±0.14
	0.64±0.18
	.647

	Study 3
	N (Male %)
	156 (32%)
	153 (35%)
	.732

	
	Age (years)
	22.07±2.10
	22.42±1.95
	.125

	
	Post-graduate degree (%)
	44.23%
	50.98%
	.283

	
	Cognitive reflection test
	2.18±0.98
	2.29±0.90
	.284

	
	Future orientation
	3.12±0.37
	2.93±0.33
	<.001

	
	Zimbardo future time perspective
	3.59±0.51
	3.59±0.44
	.999

	
	Intertemporal AUC (matching)
	0.36±0.23
	0.37±0.26
	.745

	
	Intertemporal AUC (staircase)
	0.39±0.23
	0.39±0.23
	.892

	
	Subjective future perception AUC
	0.81±0.20
	0.71±0.29
	<.001


5 Supplementary analyses for Study 3

5.1 Analysis without control variables (t-test)
Independent t-tests were conducted to compare the group difference on future-orientation, intertemporal AUC (two measurements) and subjective future perception AUC. For future-orientation, participants in the English group showed significantly lower future-orientation compared with those in the Chinese group, t (405) = 6.32, p < .001, Cohen’s d = 0.628. However, for intertemporal AUC, the group difference is not significant, for staircase measurement, t (405) = -0.65, p = .513, Cohen’s d = -0.065; for match-based measurement, t (405) = -0.70, p = .482, Cohen’s d = -0.070. For subjective future perception AUC, participants in the English group perceived the future events as significantly more distant than those in the Chinese group, t (405) = 4.34, p < .001, Cohen’s d = 0.430.

With the default prior, the Bayesian independent t-test provide decisive evidence for the language effect on future-orientation and subjective time perception AUC, BF10 > 100. However, anecdotal evidence was shown to support that there is no language effect on intertemporal AUC, for staircase measurement, BF10 = 0.584; for match-based measurement, BF10 = 0.595. 

In sum, these results were consistent with the ANCOVA and the Bayesian ordinal regression which we reported in the main text.
5.2 Interaction between control variables and language groups
Similar to the analysis in 3.2 and 4.2, for Study 3, we also conducted a series of regression models included the interaction term between language group and our main control variables. 

For future-orientation, these results showed most of these interaction was insignificant, age × group: β = -.48, p = .342, CRT × group: β = .14, p = .271, education level × group: β = - .02, p = .847. Here, the interaction between language group and gender was significant, age × group: β = .257, p = .004. The simple effect analysis showed that the language effect was significant for both gender, ps <. 001; however, the effect size is much larger for male (-0.348) than for female (-0.142).

For intertemporal AUC (based on staircase measurement), these results showed none of these interaction was significant, age × group: β = .04, p = .946, gender × group: β = - .16, p = .092, CRT × group: β = - .02, p = .870, education level × group: β = - .05, p = .539.

For subjective future perception AUC, these results showed none of these interaction was significant, age × group: β = .22, p = .680, gender × group: β = - .02, p = .835, CRT × group: β = .004, p = .978, education level × group: β = .06, p = .448.
5.3 Mediation test on future orientation
Here, we tested the mediating effect of future orientation and subjective future perception on temporal discounting. Based on 2000 Bootstrap simulations, the direct effect of language group on temporal discounting was insignificant, β = - 0.016, 95% CI = [-0.065, 0.033], p = .534. The indirect effect of future orientation was significant, β = 0.020, 95% CI = [0.004, 0.040], p = .024. The indirect effect of subjective future perception was insignificant, β = 0.013, 95% CI = [0.002, 0.027], p = .050. However, based on the small effect size and the unstable results across three studies, these significant (or near to significant) mediating effects were still far to reach an informative conclusion. 

From one of our reviewer’s suggestion, it should be noted that our power analysis is based on the simple t-test, while any further test of mediation is clearly requiring much larger sample sizes. Thus, most of these tests are uninformative in the sense that non-significant results can also be attributed to low power rather than to the lack of an effect of interest. We also call for future studies to test these potential mediating effect with more statistical power and more targeted design.

5.4 The Bayesian robustness check with different prior width
Similar to the analysis in 3.3 and 4.3, we tried to set different prior width when doing the Bayesian t-test as the robustness check. After adjusting the prior width to 0.1, most of our results remained unchanged. Decisive evidence was shown to support that participants using English had a lower future-orientation, BF10 > 100. Anecdotal evidence was shown to support that there is no language effect on temporal discounting, BF10 = 0.595. Decisive evidence was shown to support that participants using English had a less distant subjective future perception, BF10 > 100. 

Please see the plot below for the relationship between BF10 and prior width. These results showed that after down-adjusting the prior parameter, our main results still did not change.
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Figure S7. Bayesian robustness check in Study 3
5.5 The Bootstraps robustness check of AUC
Similar to the analysis in 4.4, based on 2500 Bootstrap replicates, the 95% Bootstrap CI of language effect on intertemporal AUC included zero, for staircase measurement = [-0.036, 0.055], and for matching-based measurement [-0.038, 0.057]. However, the language effect on subjective future perception AUC did not include zero, [-0.157, -0.060].

See the Figure S8 for a graphical view of our distribution of the Bootstrapped samples. The difference between the Bootstrap estimation and the sample estimation of the language effect (i.e., the Bootstrap bias) is quite small, for intertemporal AUC (staircase) < 0.0001, for intertemporal AUC (matching) = - 0.00066, for subjective future perception AUC < 0.0001. These results suggested a fair stability of our main results, and consistently showed that using English did not lead to a significant difference on participant’s temporal discounting, but make participants perceive the future event as significantly less distant. 
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Figure S8. The distribution of Bootstrapped samples in Study 3
5.6 The density and trace plot of the Bayesian mixed-effect models
In Study 3, we used Bayesian mixed-effect model to analysis the language effect on future-orientation (ordinal model), temporal discounting (Logistic model) and subjective future perception (ordinal model). All these Bayesian models showed good convergence and stability (with Rhat < 1.03). See the trace plot below. 
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Figure S9. The trace and density plots for the effect of language group on future-orientation (a, ordinal model), temporal discounting (b, Logistic model) and subjective future perception (c, ordinal model) in Study 3
5.7 Analysis excluding participants did not meet the monotonic assumption
For analysis excluding participants who did not meet this assumption, please see Table S1. In short, these results were the same as those reported in the main text.
6 Deviation from pre-registration (Study 3)


There were two main deviations from our pre-registration: 

1. Data collection procedures:

We stated in pre-registration that “If our sample size was not reached within 30 days of the start of recruitment, then we will ask the WJX platform (or other online survey platforms) for a sampling service”. However, since the data collection was relatively slow in the summer holiday especially during the COVID-19 pandemic, we found 30 days to be too short to collect all the data. Thus, we collected our data from 2021/7/21 to 2021/9/11 (exceeding 30 days), but without using the sampling service. 

Besides, we stated that “we will attempt to recruit up to 450” and “we will stop sampling as soon as there are enough participants” in the pre-registration. However, when the sample size reached 450, we found that there were less than 191 participants (the minimum sample size for each group according to the power analysis) in the English group after data exclusion. Thus, we continued to collect data for the English group until the sample size reached 191 in the English group. 

2. Indices for subjective time perception:

We stated in pre-registration that “we may use power function to fit participants’ answers and calculate subjective time perception parameters α and β”. However, thanks to the SPUDM 2021, we learned from Jiang and Dai (2021) that subjective time perception under different delayed points can also be compared using the AUC method. On one hand, we have already used AUC to compare intertemporal preference; on the other hand, it was difficult for the power function to reach convergence even at the maximum number of iterations for some participants. In order to make the indices of subjective time perception consistent with the indices of intertemporal preference, we used AUC instead of model fitting when comparing with subjective time perception.

7 Description and results of the Zimbardo Time Perspective Inventory in Study 3

Besides the variables we mentioned in the main text, we also used the future perspective subscale from the Zimbardo time perspective inventory (ZTPI) (Zimbardo & Boyd, 1999) to measure future perspective in Study 3. The future perspective subscale focuses on the characteristic of planning for and achievement of future goals, containing 13 items on a 5-point Likert scale (1 = very uncharacteristic, 5 = very characteristic). The Cronbach α of the subscale in this sample is 0.73.
Although the score of future perspective has a significant positive correlation with future-orientation (r = .62, p < .001), the group difference did not reach significance statistically (for Chinese group, M ± SD = 3.65 ± 0.51; for English group, M ± SD = 3.60±0.46), t(405) = 1.21, p = .228, BF10 = 0.222. 
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