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Structural Effect Size in Psychometric Networks: An
Asymptotic Bias—Recovery Framework for Deriving
a Sample Size Design Law

Nisreen Mohamed Saeed Zarea
Associate Professor of Psychology
Psychology Department - College of Languages and Human Sciences
Qassim University - KSA

Abstract
The present study aimed to develop a quantitative analytical framework for
defining Structural Effect Size in psychometric networks and examining its
statistical properties under limited sample conditions, with the goal of deriving a
quantitative design rule for determining sample size in network studies. The
proposed framework measures the structural difference between the true network
and the estimated network using the normalized Frobenius distance between their
adjacency matrices, which is then transformed into a structural similarity index
bounded between zero and one. Structural effect size is defined as the degree of
deviation from perfect structural similarity, reflecting the structural recovery error of
the network system. To examine the statistical behavior of this indicator, a large-
scale simulation study was conducted on psychometric networks with different
numbers of nodes (p =10.2040) and varying network densities
(d = 0.2.0.5.0.8), while varying sample size. The results showed that structural
recovery error, which represents the structural effect size resulting from network
estimation error, increases with the structural complexity of the network and
decreases inversely with the square root of the sample size. The analyses also
revealed a regular asymptotic relationship that can be expressed as:
dp
y=C Iy
Where y represents the structural effect size of the recovery error, p denotes the
number of nodes, d the network density, and N the sample size. The findings
indicate that the accuracy of network recovery depends more strongly on the ratio of
sample size to structural network complexity than on the absolute sample size alone.
Based on this relationship, a quantitative design rule was derived to estimate the
sample size required to achieve a targeted level of structural similarity. The study
thus provides a theoretical contribution by introducing the concept of structural
effect size into psychometric network analysis and a methodological contribution by
offering a priori design guidance for planning sample size in psychological network
research.
Keywords: Structural effect size, Psychometric networks, Small-sample bias,
Network recovery, Sample size design.
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saz ¥ 3 ¢Ble~) Gud L (high-dimensional setting) st sl ey 3 2520 32
Sl g (plasV) [aslay il wn ] dided) iy b cdah 3l Bl ot S3ler ) el
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(Ravikumar et al., 2011; Hastie et al., 2015)
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p
E[Ej] ~ 5 31)
Sl sy sV T ez st wiC > 0 co

B of Ul st d o o b o5 v d - B2 ) Lemma 25 et

14U osl as (Lemma 3) sl

:(Theorem 1) 45t sataet 581 ig J1 038
oAbl i) sl oV Uas 00 (P od Jladll dindl Lasl o Al b pus oS
W as) e 08l G pax Yy = 1 — S

1—stC(d)\/% (33)
)

- S adedll Sl sae Jo (ST wsing ) b Lemma 25 Lemma 1. (1)

S ais s sy N s Gy sl 8 s « Lemma 3+ (2)

AP/N s 25 s 2t L) 5 01 /[ /2 ek (3)

(3o 33laa) Blas) Ued idl) dp Glas 3 055 Lzs LoV 250 o ¥ S ) ks=d) (4)
o) 3 G rpemdll il sdown La ey

d
xX= |—= (34)
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s AP Jed) S wind) o 0l Bl ] audall (ool Dl o 8581 JAE S 13y
b N aad bi ey ¥ aSadh olahl) (358 ol OF 2l s (asSSy N dall o
(e 8Ly i) se) a1 s o N Gl o)

[ ‘52026 3—)53—_3 )—M 6(55).1.1_1_“ I68J L,u'l.m'Y\ (;ILHI‘JASL’ L’Hﬂ‘ ej—h—“ :\J.AA ]




Ty

r/ N
‘»’5[ £t dana g /3 e AT JUa) s i) () CilSaE B AU ) aaa ]

—
=
\%
)
)
SEe
R

il Sl sae s e 1Sl 393l 1y 26 3] el dny iz (1RSSO foe) plosll paid Of LS
32 o SIS & 85 OB ¢ g Rdadd) Bl W) B3 j2it Sl 1E 2k B ek il (3 aSd
el saze i) el (B sl Loy dll 5 BLad) Wl b b ) b Wl
rddyld) Sl
il 1 oy B g fuagSpmndl Kt ol yolas < Yol

G i) S U (3 B Sl SIS 23U sl (3 Bks a3 ) il A
LUT s e by S il sl OF (55 U ) 2adad) 1) 3Ll e plesa¥l sl
(Epskamp et al., 2017) wiasl of oLV on ol el

hog dngh o ookl Ll dm 4 3] ¢kl WL (3 Bealis JF abE g s (S 25
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