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BEDIOU ET AL. (2018). META-ANALYSIS OF ACTION 
VIDEO GAME IMPACT ON PERCEPTUAL, ATTENTIONAL, 
AND COGNITIVE SKILLS.

70 studies (88 samples), 194 effect size estimates (standardized mean 
differences) measuring differences between video gamers and non-gamers.

 Multiple outcomes

 Multiple treatment groups

 Multiple comparison groups

 Multiple follow-up times

1-28 effect size estimates per study (median = 2) 



WE NEED METHODS TO DETECT SELECTIVE 
OUTCOME REPORTING WITH DEPENDENT EFFECTS

 Many methods available to detect selective outcome reporting, 
publication bias, small-study effects (funnel plot asymmetry). 

 But nearly all available methods assume effect size estimates are 
independent.
 Exception: cluster-robust Egger’s regression (“Egger sandwich”)

 Aim: Develop an Excess Significance Test so that it can be used in 
syntheses of dependent effect sizes. 



TEST OF EXCESS SIGNIFICANCE (TES)
(IOANNIDIS & TRIKALINOS, 2007)

 TES assesses selective reporting using the statistic:

𝑂 − ෠𝐸

𝑉𝐵𝑖𝑛𝑜𝑚

where 

𝑂 = observed number of statistically significant effects
෠𝐸 = expected number of statistically significant effects

𝑉𝐵𝑖𝑛𝑜𝑚 = ෠𝐸 𝑘 − ෠𝐸 /𝑘

 ෠𝐸 is estimated power under a fixed or random effects model.



GENERALIZED EXCESS SIGNIFICANCE TEST

 Suppose that we have k studies, each with one or more ES.

 𝑂𝑖 = observed number of significant ES from study i

 ෠𝐸𝑖 = expected number of significant ES from study i

 Define the score statistic

𝑆𝜋 =
1

𝑘
෍

𝑖=1

𝑘

𝑂𝑖 − ෠𝐸𝑖 .

 In the absence of publication bias, 𝐄 𝑆𝜋 = 0.



GENERALIZED EXCESS SIGNIFICANCE TEST
(CONTINUED)

 A cluster-robust score test statistic (Rotnitzky & Jewell, 1990):

𝑍𝐺𝐸𝑆𝑇 =
𝑆𝜋

𝑉𝐶𝑅

where VCR is a cluster-robust estimate of the variance of 𝑆𝜋.

 In the absence of selective reporting, Z𝐺𝐸𝑆𝑇 ሶ~ 𝑁 0,1 for large k.

 Selective outcome reporting is indicated if

Z𝐺𝐸𝑆𝑇 > Φ−1 1 − 𝛼 .



BEDIOU ET AL. (2018). META-ANALYSIS OF ACTION 
VIDEO GAME IMPACT ON PERCEPTUAL, ATTENTIONAL, 
AND COGNITIVE SKILLS.

Avg. ES: 0.73 [0.60, .086]

Heterogeneity: 0.20 SD
• 94 ES with p < .05

• Expected: 67.2 ES with p < .05

• 𝑆𝑝𝑖 = 26.8 (SE = 6.1)

• 𝑍𝐺𝐸𝑆𝑇 = 4.39, p < .001



SIMULATIONS: TYPE-I ERROR RATES 
(CORRELATED STANDARDIZED MEAN 
DIFFERENCES)



SIMULATIONS: POWER COMPARISON 
(K = 50)



DISCUSSION

 GEST requires consistent estimates of mean and variance of ES 
distribution in the absence of selection.

 Can accommodate meta-regression models.

 Can use weighting schemes that are not inverse-variance 
(e.g., Henmi & Copas, 2010).

 GEST involves estimating expected power marginally for each ES.

 Does not consider the joint pattern of statistically significance.

 Type-I error rates are inflated when average effects are large and 
homogeneous (i.e., all studies have high power). 

 Small-sample refinements need further work.



Primary Investigator: “I’m not really concerned about 
selective outcome reporting.”

Statistician: “Surely you GEST?”
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SIMULATIONS: TYPE-I ERROR RATES 
(CONTINUED)



SIMULATIONS: POWER COMPARISON 
(K = 50)



SIMULATIONS: POWER COMPARISON 
(K = 100)


