Appendix 2 for manuscript: Predicting Participation and Expenditure on Distinct Gambling-Like Mechanics: Financial Engagement, Selective Problem Gambling Effects, and a Gaming Disorder Null
Supplementary Analytic Detail for the Two-Part Modeling Approach
This appendix provides the full technical detail supporting the analytic decisions summarized in Section 3.3 (Data analysis): the rejection of three alternative models in favor of the two-part approach (Section 3.3.1), the full test sequence behind PGSI's differential treatment across Part 1 and Part 2 (Section 3.3.2), and the sample-size and diagnostic checks confirming the two-part models were adequately powered and satisfied their assumptions (Section 3.3.3). It is provided for methodological transparency and replication purposes and is not required to follow the results reported in the article.
A2.1 Alternative modeling approaches considered and rejected
Three alternative approaches to the zero-inflated expenditure data were considered and rejected in favor of the two-part approach reported in Section 3.3.1. First, Tobit models constrain the participation and amount decisions to a single equation, assuming the same process that determines whether a player spends anything also determines how much they spend (Humphreys et al., 2010). This assumption would be at odds with the distinct zero-generating process described above, in which the zeros reflect a qualitatively distinct behavioral state (non-participation) rather than the lower tail of a spending distribution.
Second, zero-inflated count models (e.g., Zero-Inflated Poisson, Zero-Inflated Negative Binomial) were also unsuitable, as these are designed for discrete count outcomes with excess zeros, such as manufacturing defect counts (Lambert, 1992), rather than the continuous Euro-denominated expenditure amounts modeled here. Finally, a Heckman-style selection model, which combines the participation and spending decisions into a single statistical correction, was also rejected. This kind of correction needs at least one predictor that is deliberately included when modeling participation but left out entirely when modeling spending amount. This assumption fails here because every predictor used in Part 1 is also entered in Part 2, so the correction has nothing to be identified against (Puhani, 2000).
A2.2 PGSI linearity testing: full test sequence
PGSI was amenable to a temporary +1 recode and was tested for linearity of the log-odds accordingly but returned a significant violation (p = 0.028), confirmed by a non-monotonic pattern on visual inspection. Log transformation was attempted as the primary remedy but failed, reproducing the same problem one level deeper. This is why PGSI is entered as three risk-group dummies in Part 1 rather than as a continuous score (Section 3.3.2).
A2.3 Sample size adequacy: criteria and derivations
Sample size adequacy was evaluated separately for each part of the analysis. For Part 1, the relevant criterion is events per predictor (EPP), where events are defined as cases in the minority outcome category (Peduzzi et al., 1996). With nine predictors per logistic model, the recommended minimum of 10 EPP requires at least 90 minority-class cases. All three purchaser subsamples clear this threshold.
For Part 2, adequacy was evaluated against two complementary criteria. Following Green (1991), a minimum N of at least 111 is required to test individual predictors with adequate power at medium effect size for seven predictors. Further, approximately 15 cases per predictor are needed for reliable cross-validation (Pituch and Stevens, 2016). All three Part 2 subsamples clear both benchmarks.
A2.4 Assumption testing and diagnostics: full results
Part 1 logistic regression models were assessed using the Box-Tidwell procedure, which tests the linearity of the log-odds for each continuous predictor (Hosmer et al., 2013; Tabachnick et al., 2019). All predictors satisfied this assumption in the form entered in the models, except for the expenditure predictors and PGSI (PGSI's test sequence is reported in A2.2). The expenditure predictors could not be submitted to the test directly, as zero expenditure represents genuine non-participation rather than the bottom of a scale, making a procedural +1 recode inappropriate. Visual inspection of log-odds across binned, transformed expenditure tiers instead confirmed a monotonically increasing, approximately linear pattern, satisfying the assumption.
Part 2 OLS models were assessed using standard residual diagnostics: normality, linearity, homoscedasticity, and multicollinearity. CLB and GALB showed approximately normal residual distributions, random scatter on the ZPRED versus SRESID plot, and no indications of non-linearity or heteroscedasticity. OGLC met all formal criteria but showed greater right skew and mild S-curve deviation in the P-P plot, consistent with the greater heterogeneity of the category. No standardized residuals exceeded 3.3 in any model, and VIF values were within acceptable limits throughout (max VIF = 2.142). These diagnostics also confirmed that log-transforming the expenditure predictors was necessary to satisfy OLS assumptions.
A2.5 Comparison with the primary Part 2 models
The predictor pattern for CLB and GALB was consistent between the two specifications: F2P non-random expenditure and BP expenditure were the only significant predictors in both the OLS and Gamma GLM versions of each model, with all other predictors non-significant in both. For OGLC, the individual predictor pattern was likewise consistent – F2P non-random expenditure was the only significant predictor under either specification – but the overall model fit diverged. The primary OLS model reached significance overall, though only narrowly (F = 2.483, df = 7, 117, p = .021), explaining less than 8% of variance (adjusted R² = .077). Under the Gamma GLM specification, the omnibus likelihood-ratio test did not reach significance (χ² = 10.148, df = 7, p = .180). Given how little of OGLC expenditure the predictor set explains under either specification, and the greater residual heterogeneity already noted for this model (Section 3.3.3; Section A2.4), a model this close to the significance threshold is expected to be sensitive to the choice of specification. This divergence does not extend to the individual predictor level and does not affect the substantive conclusions drawn from the primary analysis. For full statistical results of the sensitivity analysis, see below (after the References section).
A2.6 Part 1 model fit diagnostics
	
	CLB
	GALB
	OGLC

	Omnibus χ²(9), (p)
	130.963 (<0.001)
	103.024 (<0.001)
	104.407 (<0.001)

	−2 Log likelihood
	546.735
	534.858
	503.532

	Cox & Snell R²
	0.200
	0.161
	0.163

	Nagelkerke R²
	0.292
	0.243
	0.253

	Hosmer-Lemeshow χ²(8), (p)
	4.743 (0.785)
	10.200 (0.251)
	12.629 (0.125)

	Overall classification accuracy
	79.4%
	78.2%
	79.6%

	Non-participant classification
	93.3%
	93.8%
	93.9%

	Participant classification
	40.6%
	27.0%
	26.4%



A2.7 Part 2 model fit diagnostics
	
	CLB
	GALB
	OGLC

	n
	155
	137
	125

	R² (adjusted R²)
	0.257 (0.221)
	0.313 (0.276)
	0.129 (0.077)

	F
	7.255
	8.405
	2.483

	df
	(7, 147)
	(7, 129)
	(7, 117)

	p
	<0.001
	<0.001
	0.021
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Generalized Linear Models
Model Information
	Dependent Variable
	cosmeticlootboxesmoneyyear

	Probability Distribution
	Gamma

	Link Function
	Log


Case Processing Summary
	
	N
	Percent

	Included
	155
	100.0%

	Excluded
	0
	0.0%

	Total
	155
	100.0%


Continuous Variable Information
	
	
	N
	Minimum
	Maximum
	Mean

	Dependent Variable
	cosmeticlootboxesmoneyyear
	155
	1
	240
	36.65

	Covariate
	f2pfrequency
	155
	1
	7
	5.43

	
	otherthanf2pfrequency
	155
	1
	7
	3.99

	
	log_F2Pspend
	155
	.00
	6.18
	2.5539

	
	log_P2Pspend
	155
	.00
	6.22
	2.8902

	
	log_BPspend
	155
	.00
	5.30
	1.9667

	
	IGDtotal
	155
	9
	37
	19.64

	
	pgsitotal
	155
	0
	27
	4.25


Continuous Variable Information
	
	
	Std. Deviation

	Dependent Variable
	cosmeticlootboxesmoneyyear
	42.494

	Covariate
	f2pfrequency
	1.546

	
	otherthanf2pfrequency
	1.919

	
	log_F2Pspend
	1.80303

	
	log_P2Pspend
	1.98080

	
	log_BPspend
	1.83135

	
	IGDtotal
	6.056

	
	pgsitotal
	4.815


Goodness of Fita
	
	Value
	df
	Value/df

	Deviance
	157.273
	147
	1.070

	Scaled Deviance
	176.600
	147
	

	Pearson Chi-Square
	175.902
	147
	1.197

	Scaled Pearson Chi-Square
	197.518
	147
	

	Log Likelihoodb
	-693.374
	
	

	Akaike's Information Criterion (AIC)
	1404.748
	
	

	Finite Sample Corrected AIC (AICC)
	1405.989
	
	

	Bayesian Information Criterion (BIC)
	1432.139
	
	

	Consistent AIC (CAIC)
	1441.139
	
	


Dependent Variable: cosmeticlootboxesmoneyyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotala
a. Information criteria are in smaller-is-better form.
b. The full log likelihood function is displayed and used in computing information criteria.
Omnibus Testa
	Likelihood Ratio Chi-Square
	df
	Sig.

	38.991
	7
	<.001


Dependent Variable: cosmeticlootboxesmoneyyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotala
a. Compares the fitted model against the intercept-only model.
Tests of Model Effects
	
	Type III

	Source
	Wald Chi-Square
	df
	Sig.

	(Intercept)
	52.945
	1
	<.001

	f2pfrequency
	.175
	1
	.676

	otherthanf2pfrequency
	.016
	1
	.901

	log_F2Pspend
	4.283
	1
	.038

	log_P2Pspend
	1.609
	1
	.205

	log_BPspend
	13.490
	1
	<.001

	IGDtotal
	.011
	1
	.915

	pgsitotal
	.100
	1
	.752


Dependent Variable: cosmeticlootboxesmoneyyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotal
Parameter Estimates
	
	
	
	95% Wald Confidence Interval
	Hypothesis Test

	Parameter
	B
	Std. Error
	Lower
	Upper
	Wald Chi-Square

	(Intercept)
	2.904
	.3991
	2.122
	3.687
	52.945

	f2pfrequency
	-.022
	.0526
	-.125
	.081
	.175

	otherthanf2pfrequency
	-.006
	.0494
	-.103
	.091
	.016

	log_F2Pspend
	.089
	.0432
	.005
	.174
	4.283

	log_P2Pspend
	.059
	.0464
	-.032
	.150
	1.609

	log_BPspend
	.166
	.0452
	.077
	.255
	13.490

	IGDtotal
	-.002
	.0146
	-.030
	.027
	.011

	pgsitotal
	.005
	.0171
	-.028
	.039
	.100

	(Scale)
	.891a
	.0900
	.731
	1.086
	


Parameter Estimates
	
	Hypothesis Test

	Parameter
	df
	Sig.

	(Intercept)
	1
	<.001

	f2pfrequency
	1
	.676

	otherthanf2pfrequency
	1
	.901

	log_F2Pspend
	1
	.038

	log_P2Pspend
	1
	.205

	log_BPspend
	1
	<.001

	IGDtotal
	1
	.915

	pgsitotal
	1
	.752

	(Scale)
	
	


Dependent Variable: cosmeticlootboxesmoneyyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotal
a. Maximum likelihood estimate.
Generalized Linear Models
Model Information
	Dependent Variable
	affectinglootboxesmoneyspentyear

	Probability Distribution
	Gamma

	Link Function
	Log


Case Processing Summary
	
	N
	Percent

	Included
	137
	100.0%

	Excluded
	0
	0.0%

	Total
	137
	100.0%


Continuous Variable Information
	
	
	N
	Minimum
	Maximum
	Mean

	Dependent Variable
	affectinglootboxesmoneyspentyear
	137
	1
	240
	34.18

	Covariate
	f2pfrequency
	137
	2
	7
	5.27

	
	otherthanf2pfrequency
	137
	1
	7
	3.90

	
	log_F2Pspend
	137
	.00
	6.18
	2.7478

	
	log_P2Pspend
	137
	.00
	5.89
	2.9540

	
	log_BPspend
	137
	.00
	5.30
	1.8265

	
	IGDtotal
	137
	9
	37
	19.64

	
	pgsitotal
	137
	0
	23
	4.47


Continuous Variable Information
	
	
	Std. Deviation

	Dependent Variable
	affectinglootboxesmoneyspentyear
	45.066

	Covariate
	f2pfrequency
	1.569

	
	otherthanf2pfrequency
	1.856

	
	log_F2Pspend
	1.74229

	
	log_P2Pspend
	1.92659

	
	log_BPspend
	1.80172

	
	IGDtotal
	6.543

	
	pgsitotal
	5.169


Goodness of Fita
	
	Value
	df
	Value/df

	Deviance
	143.151
	129
	1.110

	Scaled Deviance
	156.548
	129
	

	Pearson Chi-Square
	193.889
	129
	1.503

	Scaled Pearson Chi-Square
	212.034
	129
	

	Log Likelihoodb
	-594.501
	
	

	Akaike's Information Criterion (AIC)
	1207.002
	
	

	Finite Sample Corrected AIC (AICC)
	1208.419
	
	

	Bayesian Information Criterion (BIC)
	1233.282
	
	

	Consistent AIC (CAIC)
	1242.282
	
	


Dependent Variable: affectinglootboxesmoneyspentyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotala
a. Information criteria are in smaller-is-better form.
b. The full log likelihood function is displayed and used in computing information criteria.
Omnibus Testa
	Likelihood Ratio Chi-Square
	df
	Sig.

	49.316
	7
	<.001


Dependent Variable: affectinglootboxesmoneyspentyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotala
a. Compares the fitted model against the intercept-only model.
Tests of Model Effects
	
	Type III

	Source
	Wald Chi-Square
	df
	Sig.

	(Intercept)
	35.881
	1
	<.001

	f2pfrequency
	.700
	1
	.403

	otherthanf2pfrequency
	.001
	1
	.970

	log_F2Pspend
	28.128
	1
	<.001

	log_P2Pspend
	.316
	1
	.574

	log_BPspend
	5.523
	1
	.019

	IGDtotal
	2.546
	1
	.111

	pgsitotal
	.354
	1
	.552


Dependent Variable: affectinglootboxesmoneyspentyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotal
Parameter Estimates
	
	
	
	95% Wald Confidence Interval
	Hypothesis Test

	Parameter
	B
	Std. Error
	Lower
	Upper
	Wald Chi-Square

	(Intercept)
	2.150
	.3589
	1.447
	2.854
	35.881

	f2pfrequency
	-.048
	.0575
	-.161
	.065
	.700

	otherthanf2pfrequency
	.002
	.0523
	-.101
	.105
	.001

	log_F2Pspend
	.244
	.0460
	.154
	.334
	28.128

	log_P2Pspend
	.028
	.0491
	-.069
	.124
	.316

	log_BPspend
	.106
	.0453
	.018
	.195
	5.523

	IGDtotal
	.023
	.0141
	-.005
	.050
	2.546

	pgsitotal
	.011
	.0181
	-.025
	.046
	.354

	(Scale)
	.914a
	.0980
	.741
	1.128
	


Parameter Estimates
	
	Hypothesis Test

	Parameter
	df
	Sig.

	(Intercept)
	1
	<.001

	f2pfrequency
	1
	.403

	otherthanf2pfrequency
	1
	.970

	log_F2Pspend
	1
	<.001

	log_P2Pspend
	1
	.574

	log_BPspend
	1
	.019

	IGDtotal
	1
	.111

	pgsitotal
	1
	.552

	(Scale)
	
	


Dependent Variable: affectinglootboxesmoneyspentyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotal
a. Maximum likelihood estimate.
Generalized Linear Models
Model Information
	Dependent Variable
	gamblingmechanicsmoneyspentyear

	Probability Distribution
	Gamma

	Link Function
	Log


Case Processing Summary
	
	N
	Percent

	Included
	125
	100.0%

	Excluded
	0
	0.0%

	Total
	125
	100.0%


Continuous Variable Information
	
	
	N
	Minimum
	Maximum
	Mean

	Dependent Variable
	gamblingmechanicsmoneyspentyear
	125
	1
	300
	48.39

	Covariate
	f2pfrequency
	125
	2
	7
	5.49

	
	otherthanf2pfrequency
	125
	1
	7
	3.82

	
	log_F2Pspend
	125
	.00
	6.18
	2.6090

	
	log_P2Pspend
	125
	.00
	5.89
	2.7877

	
	log_BPspend
	125
	.00
	5.30
	1.7690

	
	IGDtotal
	125
	9
	38
	19.84

	
	pgsitotal
	125
	0
	27
	5.49


Continuous Variable Information
	
	
	Std. Deviation

	Dependent Variable
	gamblingmechanicsmoneyspentyear
	56.391

	Covariate
	f2pfrequency
	1.429

	
	otherthanf2pfrequency
	1.969

	
	log_F2Pspend
	1.91875

	
	log_P2Pspend
	1.93276

	
	log_BPspend
	1.83020

	
	IGDtotal
	6.700

	
	pgsitotal
	5.804


Goodness of Fita
	
	Value
	df
	Value/df

	Deviance
	147.569
	117
	1.261

	Scaled Deviance
	144.645
	117
	

	Pearson Chi-Square
	193.348
	117
	1.653

	Scaled Pearson Chi-Square
	189.516
	117
	

	Log Likelihoodb
	-604.559
	
	

	Akaike's Information Criterion (AIC)
	1227.117
	
	

	Finite Sample Corrected AIC (AICC)
	1228.683
	
	

	Bayesian Information Criterion (BIC)
	1252.572
	
	

	Consistent AIC (CAIC)
	1261.572
	
	


Dependent Variable: gamblingmechanicsmoneyspentyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotala
a. Information criteria are in smaller-is-better form.
b. The full log likelihood function is displayed and used in computing information criteria.
Omnibus Testa
	Likelihood Ratio Chi-Square
	df
	Sig.

	10.148
	7
	.180


Dependent Variable: gamblingmechanicsmoneyspentyear
Model: (Intercept), f2pfrequency, otherthanf2pfrequency, log_F2Pspend, log_P2Pspend, log_BPspend, IGDtotal, pgsitotala
a. Compares the fitted model against the intercept-only model.

