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Demographic characteristics
Our recruited sample showed that the majority of both female (94.04%) and male (95.52%) participants were currently enrolled in university or higher degree education. A higher proportion of males (83.24%) than females (69.34%) reported being students, while the majority of both females (81.70%) and males (88.53%) reported being single. In terms of residential location, a smaller proportion of females (58.72%) than males (71.51%) lived in urban areas with a population greater than 500,000 people. Additionally, lower proportion of females (31.91%) than males (41.34%) reported living alone (see Table 2).
Only age and relationship status were found to have significant correlations with both mean loneliness (age: r=-.10, p<.05; relationship status: r=-.14, p<.001) and mean happiness (age: r=.11, p<.05; relationship status: r=.21, p<.001) among the demographic variables of age, gender, education level, occupation, relationship status, residence, and cohabitants (see Table 3). Additionally, education level exhibited a significant negative correlation only with mean loneliness (r=-.12, p<.001). While the results obtained may not be directly generalizable, they can still provide valuable insights into the factors that need to be controlled during the main data analysis.

Descriptive signals
[bookmark: _Hlk138059662]Of all the days when signals were recorded, 82.29% showed people having online or offline communication with others and 66.32% had face-to-face offline communication and 56.26% had online communication. However, out of 418 total participants, 140 participants (71 males, 68 females) reported no online communication for more than 10.5 days (half of the experiment duration) and 78 participants (38 males, 40 females) reported no offline communication for more than 10.5 days. And 30 participants (15 males,15 females) reported no communication neither online nor offline for more than 10.5 days.  In terms of social app usage, the majority of responses (68.50%) reported using it for more than 1 hour, with 35.95%
reporting more than 2 hours, and only 2.26% reporting almost no use of it. Additionally, out of the 418 participants, 39 males and 68 females reported using social apps for more than 2 hours on more than 10.5 days during the experiment. Taken together, these findings reveal the current status of young people having lower levels of direct communication, both online and offline. Nevertheless, it is worth noting the prevalent use of social applications. 


Results of Linear Mixed Model
[bookmark: _Hlk140563842]The day-level correlation analysis revealed the descriptive statistics of the variables, including their means and standard deviations (see Supplementary Table 1). It was also observed that there were no significant high correlations between the variables, indicating that they can be safely included in the same linear mixed model (LMM). This is particularly important as it eliminates concerns regarding multicollinearity, a common issue when variables are highly correlated.

Furthermore, the LMM analysis compared the models with and without covariates (see Supplementary Table 2, 3). Interestingly, the inclusion of covariates did not result in substantial differences in the outcomes. This implies that the presence or absence of control variables had minimal impact on the specific results obtained from the analysis. Consequently, it suggests that the influence of these additional factors on the overall findings is negligible.

Overall, these findings contribute to a better understanding of the analysis in daily engagement.
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Supplementary Table 1. Day-level correlation of daily activities.
[image: new_table_final_table] Supplementary Table 2.  LMM in loneliness. Model 1 did not include a covariate, while Model 2 included covariate variables. The inclusion of the covariate in Model 2 didn’t substantially change the magnitude of the effects of daily activities.
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Supplementary Table 3.  LMM in happiness. Model 1 did not include a covariate, while Model 2 included covariate variables. The inclusion of the covariate in Model 2 didn’t substantially change the magnitude of the effects of daily activities.




Results of Mediation Analysis
Prior to conducting the multilevel mediation analysis, we performed an LMM with 1to1-offline communication as the dependent variable. This analysis further confirmed the significant negative correlation between the duration of digital use and the duration of 1to1-offline.
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Supplementary Table 4. LMM in offline communication. All types of digital use showed negative effect on the duration of 1to1-offline communication.
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Supplementary Table 5. Multilevel mediation in loneliness. In the impact of total digital use and 1toM-online on loneliness, the overall effects were significant, and the mediating effect of 1to1-offline was also significant.
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Supplementary Table 6. Multilevel mediation in happiness. In the impact of total digital use and 1toM-online on happiness, the mediating effect of 1to1-offline were both significant. But the overall effect of total digital use on happiness did not reach statistical significance.



Results of Network Analysis in Full Data
The supplementary results reaffirm the main findings of the study when conducting MLVAR analysis on the entire data (n=418). Specifically, it was found that there is a significant negative correlation between different types of digital use and 1to-offline communications. This finding supports the previous conclusions and highlights the consistent relationship between digital engagement and offline communication patterns.
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Supplementary Figure 1. MLVAR analysis in full dataset (n=418). (A) showed an undirected network revealing within-person same-day (contemporaneous) relationships among variables, (B) provided a directed temporal network revealing within-person time-lagged (t=1, previous day) relationships among variables, and (C) represented an undirected between-person network identifying variables that fluctuate at the between-person level. Only relationships that reach significance (p<0.05) were shown. The value showed the specific effect size of relationships. The green line indicated a positive relationship, while the red line indicated a negative one.
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1tol-offline model

Standardized Coefficient B SE. t df d p [95% CI  of ]
DayOrder 0.004 -0.010 0.443 7116.755 0.010 0.658 [-0.015, 0.023]
1tol-online -0.072 -0.012 -6.058 7419949 -0.141 <001 *** [-0.096, -0.049]

1toM-online -0.115 -0.013 -8.980 7332276 -0210 <001 *** [-0.140, -0.090]
game -0.091 -0.013 -7.258 7434482 -0.168 <001 *** [-0.115, -0.060]
movie -0.141 -0.013 -10.861 7311.042 -0.254 <001 *** [-0.167, -0.116]

Random Effects Cluster K Parameter  Variance ICC
ID 418 (Intercept) 0.617 0317
Residual 1.329
Model Fit AIC BIC R (m)? R (c)) Omega?
24418978 24474.368 0.055 0.355 0.359
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Indirect Path: "digital" (X) ==> "ltol-offline" (M) ==> "loneliness" (Y)

Effect S.E. z p [McMC 95% CI]
Indirect (ab) 0.034 (0.003) 13.494 <.001 *** [0.029, 0.039]
Direct (c') 0.019 (0.008) 2.471 .013 * [0.005, 0.035]
Total (c) 0.053 (0.008) 6.699 <.001 *** [0.038, 0.069]
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Indirect Path: "ltoM-online" (X) ==> "ltol-offline" (M) ==> "loneliness"

Effect S.E. z p [McMC 95% CI]

Indirect (ab) 0.032 (0.004) 8.776 <.001 *** [0.025, 0.039]
Direct (c") 0.028 (0.013) 2.119 .034 * [0.004, 0.055]
Total (c) 0.061 (0.014) 4.403 <.001 *** [0.035, 0.088]
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Indirect Path: "digital" (X) ==> "ltol-offline" (M) ==> "happiness" (Y)

Effect S.E. z p [McMC 95% CI]
Indirect (ab) -0.036 (0.002) -14.803 <.001 *** [-0.041, -0.031]
Direct (c') 0.026 (0.007) 3.676 <.001 *** [ 0.013, 0.040]
Total (c) -0.011 (0.007) -1.478 .140 [-0.024, 0.004]
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Indirect Path:

"ltoM-online" (X)

==> "1tol-offline" (M)

==> "happiness" (Y)

Effect S.E. z p [McMC 95% CI]
Indirect (ab) -0.033 (0.004) -9.100 <.001 *** [-0.040, -0.026]
Direct (c') -0.012 (0.012) -1.026 .305 [-0.034, 0.012]
Total (c) -0.045 (0.012) -3.639 <.001 *** [-0.068, -0.021]
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Table, Digital Engagement

Means, standard deviations, and correlations with confidence intervals

Variable M SD 1 2 3 4
1. 1to1-online 0.34 0.64

2. 1toM-online 1.65 1.46 -.05%*

3. game_time 0.53 1.08 05 2%

4. movie_time 0.87 1.27 -0.01 J13** 20%*

5. 1tol-offline 1.14 1.4 03%* L Q7** . 09%* - [3%**

Note. N=418. * indicates p < .05. ** indicates p < .01.
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Loneliness Model 1

Loneliness Model 2

Standardized Coefficient B SE. t df d p [95% CI  of ] B SE. t df d p [95% CI  of ]
DayOrder 0.010 -0.009 1.121 7108.333 0.027 0.262 [-0.007, 0.026] 0.010 -0.009 1.112 7109.085 0.026 0.266 [-0.007, 0.026]
1tol-online 0.009 -0.011 0.853 7500.033 0.020 0.394 [-0.012, 0.031] 0.009 -0.011 0.838 7497.899 0.019 0402 [-0.012, 0.030]

1toM-online 0.026 -0.012 2.209 7499.565 0.051 0.027 * [0.003, 0.049] 0.025 -0.012 2.180 7494.852 0.050 0.029 * [0.003, 0.048]
game 0.012 -0.011 1.031 7495216 0.024 0.303 [-0.011, 0.034] 0.011 -0.011 0.928 7494164 0.021 0.353 [-0.012, 0.033]
movie 0.006 -0.012 0.480 7499259 0.011 0.631 [-0.018, 0.029] 0.007 -0.012 0.625 7495445 0.014 0.532 [-0.016, 0.031]

1tol-offline -0.215 -0.010 -20.619 7440.596 -0478 <001 *** [-0.236, -0.195] -0.216 -0.010 -20.656 7441872 -0479 <001 *** [-0.236, -0.195]

age - - - - - - - - -0.040 -0.037 -1.092 413.754 -0.107 0.275 [-0.112, 0.032]
education - - - - - - - - -0.065 -0.033 -1.977 415.058 -0.194 0.049 * [-0.129, -0.000]
relation - - - - - - - - -0.084 -0.036 -2.315 414.170  -0.227 0.021 * [-0.156, -0.013]

Random Effects Cluster K Parameter  Variance ICC Cluster K Parameter  Variance ICC

ID 418 (Intercept) 1.252 0.444 ID 418 (Intercept) 1.213 0.436

Residual 1.570 Residual 1.570
Model Fit AIC BIC R (m)* R (c)* Omega? AIC BIC R (m)* R (c)* Omega?
25886.189 25948.503 0.048 0.470 0.488 25890910 25973.994 0.062 0471 0.488
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Happiness Model 1 Happiness Model 2

Standardized Coefficient B SE. t df d p [95% CI  of ] B SE. t df d p [95% CI  of ]
DayOrder 0.014 -0.009 1.509 7115.647 0.036 0.131 [-0.004, 0.031] 0.014 -0.009 1.518 7117.550 0.036 0.129 [-0.004, 0.031]
Itol-online 0.040 -0.011 3.535 7467.800 0.082 <001 *** [0.018, 0.062] 0.040 -0.011 3.602 7446.867 0.083 <001 *** [0.018, 0.062]
ItoM-online -0.011 -0.012 -0.880 7421.143  -0.020 0.379 [-0.034, 0.013] -0.010 -0.012 -0.870 7392.114 -0.020 0.385 [-0.034, 0.013]
game 0.010 -0.012 0.882 7483.448 0.020 0.378 [-0.013, 0.033] 0.012 -0.012 1.020 7469.890 0.024  0.308 [-0.011, 0.035]
movie 0.059 -0.012 4.784 7416922 0.111 <001 *** 7[0.035, 0.083] 0.057 -0.012 4.622 7395.105 0.108 <001 *** 7[0.033, 0.081]
Ito1-offline 0.268 -0.011 24746 7491.579 0572 <001 *** [0.246, 0.289] 0.268 -0.011 24 858 7492.605 0574 <001 *** [0.247, 0.290]
age - - - - - - - - 0.028 -0.032 0.886 412.798 0.087 0.376 [-0.035, 0.091]
education - - - - - - - - 0.029 -0.029 1.008 414.631 0.099 0.314 [-0.028, 0.085]
relation - - - - - - - - 0.128 -0.032 3.999 413.271 0.393 <001 *** [0.065, 0.190]

Random Effects Cluster K Parameter  Variance  ICC Cluster K Parameter  Variance  ICC

ID 418 (Intercept) 0.712 0.359 ID 418 (Intercept) 0.672 0.346

Residual 1.270 Residual 1.270
Model Fit AIC BIC R (m)* R (c)* Omega? AIC BIC R (m)* R (c)* Omega?
24160.371 24222.685 0.075 0.407 0.443 24157.014 24240.099 0.094 0.408 0.443





