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Abstract. Because of their relevance in everyday life there is an increasing amount of 
research about social abilities. However, the structure of individual differences in so-called 
“social intelligence” has not yet been studied. Here we take a differential-psychological 
approach to investigate the important social ability of face cognition - the ability to perceive, 
memorize and correctly recognize human faces. We provide findings from a study about age 
differences in the means and covariance structure of face cognition abilities from ages 6 to 
21 years. Using multiple measurements, based on a large sample of participants (N = 338) and 
analyzing the internal structure of face cognition with Local Structural Equation Modelling 
(LSEM), we were able to arrive at the following conclusions. Face cognition in childhood 
and adolescence can be represented as a two-factorial model including face perception 
and memory. LSEM revealed a slight increase of factor loadings on face perception and 
memory across age, occurring between 8 and 12 years and after 16 years. The relationship 
between face perception and memory was, however, invariant from childhood to young 
adulthood (r = .78). Factor means showed a slight significant improvement of face perception 
and memory across participant age. Thus, we suggest for discussion that this approach could 
extend the understanding of “social intelligence”.

Keywords: social abilities, face cognition, face perception, face memory, individual 
differences, age differences, covariance structure, age invariance, factor means, childhood, 
adolescence

Background

Requests from practitioners more and more motivate researchers to investi-
gate the adaptation and socialization of the child in an increasingly complex and 
constantly changing environment. However, for a long time the research was cen-
tered around the g factor (Spearman's general intelligence (Spearman, 1904)), for 
which various models were proposed, for example, Horn’s and Cattell's crystal-
lized and fluid intelligence (Horn & Cattell, 1966), three-stratum theory of Carroll 
(Carroll, 1993), etc. Grounded in models of general intelligence, methods for as-
sessment were proposed, and further also methods for correction. The so-called 
“social intelligence” (for example, Thorndike, 1920), has remained a long time 
elusive. Thorndike, who first mentioned this term, defined it as specific behavioral 
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acts necessary for complex social interactions. This was a quite complex, stream-
lined definition, not emphasizing the boundaries of the construct. Analyzing also 
other research approaches for these specific human abilities (attempts to describe 
e.g. “emotional intelligence”, “non-cognitive skills” etc.), it was recently conclud-
ed that the complexity of the definition leads to difficulties in operationalization 
and measurement (Orel & Kulikova, 2018).

Difficulties, however, dictate attempts to overcome them. One of the attempts 
to search for “social intelligence” is the differential psychological study of face 
cognition as a specific and multidimensional set of interpersonal abilities (Wil-
helm et  al., 2010).Thus, operationalizing face cognition as a multidimensional 
process, using a multiple measurements approach (BEFAT; Herzmann et al., 2008), 
based on large samples of participants, the authors arrived at the following con-
clusions. Face cognition can be represented as a two-factor structure, including 
face perception and face memory. Within this model, face perception, as a first 
factor, depicts the ability to discern the face as a whole, and to distinguish facial 
features and their configuration; face memory, as a second factor, is the ability un-
derlying the encoding, storing, and retrieval of faces from long-term memory. In-
dividual differences in these two factors are only partially (ca. 50 %) explained by 
the variance in general intelligence, the perception of and memory for non-social 
objects; thus, the face cognition factors are specific and of a special social nature. 
This structure is invariant and does not change due to aging (Hildebrandt et al., 
2010). Within the present study we focus on individual differences in face cogni-
tion abilities across childhood and adolescence at the psychometric level and the 
average performance captured by latent variables.

Aims and Hypotheses of the Study

Within the present study we aimed to extend available psychometric stud-
ies of individual differences in face cognition abilities in young and old adults to 
childhood and adolescence (Hildebrandt et al., 2010; Wilhelm et al., 2010). Fol-
lowing the neuroanatomical, clinical, psychometrical evidence about distinction 
between face perception and face memory within accuracy tasks (De Renzi et al., 
1991; Haxby et al., 2010; Wilhelm et al., 2010) and their status as specific so-
cial abilities (Wilhelm et al., 2010), we expected to establish a similar two-factor 
model of individual differences in face cognition in childhood and adolescence. 
Further, we aimed to investigate age differences in this structure. Specifically we 
had two hypotheses. Within the investigation of structure invariance across child-
hood and adolescence we followed the differentiation – dedifferentiation hypoth-
esis, the most popular theoretical concept about life span changes of individual 
differences in human cognition (Balinsky, 1941). Generally, according to this hy-
pothesis, in early periods of life, cognitive abilities gradually differentiate from an 
amorphous general ability, up to a certain age, after which these distinct abilities 
are reintegrated or dedifferentiated. To our knowledge, this hypothesis has not 
been tested previously for social skills. Following the research done on gener-
al skills (Tucker-Drob, 2009), we were interested, whether this concept holds for 
face cognition and whether more specific functions like face perception and face 
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memory differentiate from general face cognition abilities with increasing age. 
Second, we investigated age differences in face cognition performance at the lev-
el of abilities (latent factors). Assuming that face cognition abilities have a specif-
ic, social nature, we followed the theory of face-specific perceptual development 
(Crookes & McKone, 2009). In line with this theory, we expected that performance 
in face cognition abilities becomes adult-like only late (near adolescence) due to 
the increasing experiences in communication during this age.

Methods

Subjects were 338 children, adolescents, and young adults continuously be-
tween 6 and 21 years (50 % females), recruited in primary schools, high schools, 
and vocational schools in Berlin. The youngest group and the group of young 
adults were mixed (the youngest group included 6 and 7 years old children and 
the group of young adults included 18 – 21 years old participants), other age co-
horts included from 20 to 40 participants.

The experiment was implemented with PsychoPy v1.82.01. Tasks were con-
ducted on notebooks: Lenovo Thinkpad, Modell E330, with a 13.3 monitor inch 
and a display resolution of 1366 × 768.

Face stimuli were photographs taken by the authors under standardized con-
ditions regarding luminance, distance, camera settings, and instructions for the 
photographed person. A total of 460 frontal view colour portraits (213 females), 
with neutral expression, without glasses, salient make-up, moles, or other facial 
marks were obtained from girls and boys aged between 4 and 18 years. In all pho-
tographs, face-unspecific cues (hair, ears, and clothing) were excluded by fitting 
the face into a vertical ellipse of 300 by 200 pixels (7.6 × 5.1 cm); thus all photo-
graphs were in the same format.

The procedure started with collecting general demographic data; further-
more, we assessed the face perception ability using “Simultaneous matching of 
spatially manipulated faces with upright and inverted conditions” (e.g. Herzmann 
et al., 2008) and a slightly modified version of the full design composite para-
digm (Meinhardt-Injac et al., 2014), and the face memory ability using “Aquisi-
tion curve” and “Decay rate” (e.g. Herzmann et al., 2008). The total duration of the 
procedure was about 1.5 hours, including breaks. From each task we derived per-
formance indicators for further modelling (number of the correct responses were 
used for these aims). Four indicators from each experimental condition, two in 
each task, were derived for face perception, and five indicators from four blocks 
of “Aquisition curve” and from the complete task “Decay rate” were derived for 
face memory.

Statistical analysis. In order to reveal the structure of individual differences in 
face cognition including face perception and face memory during childhood and 
adolescence we used Structural Equation Modeling estimated by lavaan package 
in the R environment. Further, for the investigation of structural age invariance, 
we used Local Structural Equation Modeling (LSEM (Hildebrandt et  al., 2016)) 
implemented in the sirt package of the R environment. LSEM applies a kernel 
function for weighting observations around continuously defined focal values 
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of a context variable, like age, and repeatedly fits SEMs along this moving weight-
ing window. Observations on each focal age — defined for the present study in 
steps of one year from 8 to 20 — received a maximum weight. Sample weights fell 
off symmetrically with increasing distance of an observation from the focal value. 
Thus, we fitted the measurement model of face cognition with changing sample 
weights 13 times (from age 8 in steps of one year until age 20). Based on recom-
mendations of Hildebrandt et al. (2016) we didn’t include in the computations ex-
treme groups (of the 6 – 7 years old children and of the 21 years old young adults). 
Hildebrandt et al. (2016) note that the models estimated for focal points at the 
boundaries of the range of the moderator incorporate observations only with focal 
values that are either larger or smaller than the focal value of interest, and if ob-
servations are scarce, the interpretation of such results may be problematic. SEM 
parameter functions across age are presented as results. To test parameter chang-
es across age inferentially, we used a permutation test (Hildebrandt et al., 2016). 
Using the test statistic based on permutations of age, the null hypothesis can be 
tested assuming that a given SEM parameter is constant across the values of age 
(Hildebrandt et al., 2016). Finally, to achieve our third aim and to freely estimate 
latent means and variances, we scaled latent factors by the marker variable meth-
od (Little et al., 2007). Thus the loading and the intercept of a selected reference 
indicator for each construct was fixed to be one and zero, respectively.

Results
1. Establishment of the structure of individual differences in face cognition 

across childhood and adolescence. First, we estimated Model (M1) which as-
sumed a single general face cognition factor to explain the shared variance of all 
nine performance indicators originating from face perception and face memory 
tasks. The fit of M1 was poor: χ2 (25) = 140.885, p = .000, CFI = .917, RMSEA = .124, 
SRMR = .073. Factor loadings ranged between .55  and .77. Next, we estimated 
Model (M2), which assumed face cognition performance to be explained by two 
factors, face perception and face memory. The fit of M2 improved: χ2 (24) = 97.541, 
p = .000, CFI = .947, RMSEA = .101, SRMR = .060. Factor loadings ranged between 
.61 and .79. The correlation between latent factors was reasonably different from 
1 (FP / FM = .75). The Models M1 and M2 were compared with the Likelihood ratio 
difference test, showing that the less parsimonious Model M2 is necessary for an 
adequate structural representation of individual differences in face cognition in 
childhood and adolescence. Further, investigating the internal structure of face 
cognition and attempting to explain challenges in establishment of an adequate 
structural representation we have found that these challenges are related to qual-
ity of measurement of the full design composite paradigm. Within our earlier work 
(Petrakova et al., 2018) we have found that this task has perfect correlation with 
the same task with non-face (house) stimuli (r = 1). This finding indicates that the 
full design of the composite task does not specifically measure face perception. 
After excluding this task from the model, our actual model tends to the perfect: 
χ2  (21) = 1078.874, p = .000, CFI = 1.000, RMSEA = .000, SRMR = .010. Factor load-
ings ranged between .51 and .91. The correlation between latent factors was rea-
sonably different from 1 (FP / FM = .78).
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2. Age invariance of the measurement structure. LSEM revealed measure-
ment a slight increase of factor loadings on face perception and on face mem-
ory across age, occurring between 8 and 12 and after 16 years. The relationship 
between face perception and memory was however invariant from childhood to 
young adulthood.

3. Age differences on latent factor means across childhood and adolescence 
Factor means showed a slight significant improvement of face perception and 
memory across participant age. Especially noticeable increase is between 8 and 
12 and after 14 years for both abilities.

Conclusion

1. We could confirm the two-factorial model of face cognition for representing 
individual differences of this process in childhood and adolescence providing 
evidence about adult-like structure of face cognition in these periods of life. 
Interestingly, from early school age even the relationship between face 
perception and face memory was of nearly the same magnitude as reported 
for individual and age differences in face cognition abilities across adulthood 
(r = .75; Hildebrandt et al., 2010; Wilhelm et al., 2010). 

2. Moreover, we rejected differentiation hypothesis for the structure of face 
cognition; the structure of face cognition is invariant across childhood and 
adolescence proving again adult-like level of this process already from early 
school age.

3. We could confirm our expectations that the increase in performance in face 
perception and memory continues until late adolescence.

4. Our findings contribute to an unresolved discussion about the most 
appropriate design to be applied in the composite task (Rossion, 2013) and 
support the position that the modified design of the composite task may not 
measure a specific holistic face processing ability. Finally, with the present 
study we suggest a measurement approach for such important social ability 
as face cognition, which in future can be used for scientific and practical 
aims.
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Аннотация. В связи с актуальностью для повседневной жизни появляется все больше 
исследований, посвященных социальным способностям. Структура индивидуальных 
различий по так называемому «социальному интеллекту» остается, однако, так и не ох-
ваченной исследователями. В данной мини-статье мы представляем дифференциаль-
но-психологический подход для исследования такой важной социальной способности 
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как узнавание лиц — восприятие лиц, запоминание и их последующее успешное рас-
познавание. Мы представляем результаты исследования различий в средних значениях 
и ковариационной структуре восприятия лиц и памяти на лица в возрасте от 6 до 21 года. 
Используя многомерный измерительный подход, базируясь на большой выборке испыту-
емых (N = 338) и проанализировав структуру узнавания лиц при помощи Local Structural 
Equation Modelling (LSEM), мы пришли к следующим выводам. Узнавание лиц в детском 
и подростковом возрасте может быть представлено как двухфакторная модель, включа-
ющая такие латентные переменные, как восприятие лица и память на лица. Анализ LSEM 
выявило незначительное увеличение факторных нагрузок в случаях измерения воспри-
ятия лиц и памяти на лица в период между 8 и 12 годами и после 16 лет. Однако кор-
реляция между восприятием лиц и памятью на лица оставалась инвариантной во всех 
возрастных когортах (r = .78). Для средних значений обоих факторов наблюдается значи-
мое возрастание; взрослый уровень достигается к 18 годам. На наш взгляд, предложен-
ный подход может расширить понимание «социального интеллекта».

Ключевые слова: социальные способности, узнавание лиц, восприятие лиц, память на 
лица, индивидуальные различия, возрастные различия, ковариационная структура, ин-
вариантность структуры для разных возрастных когорт, средние значения факторов, дет-
ство, подростковый возраст


