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Abstract: Generational IQ test scores in the general population were observed to increase over time 
(i.e., the Flynn effect) across most of the 1900s. However, according to more recent reports, Flynn effect 
patterns have seemingly become less consistent. So far, most available evidence on this phenomenon 
has been categorized by drawing on the classic fluid vs. crystallized intelligence taxonomy. However, 
recent evidence suggests that subdomain-specific trajectories of IQ change may well be more complex. 
Here, we present evidence for cross-temporal changes in measurement-invariant figural reasoning 
tasks in three large-scale, population-representative samples of German secondary school students 
(total N = 19,474). Analyses revealed a consistent pattern of significant and meaningful declines in 
performance from 2012 to 2022. Results indicate a decrease in figural reasoning of 4.68 to 5.17 IQ 
points per decade (corresponding to small-to-medium effects, Cohen ds from 0.34 to 0.38). These 
findings may be interpreted as tentative evidence for a decreasing strength of the positive manifold 
of intelligence as a potential cause of the increasing number of recent reports about inconsistent IQ 
change trajectories. 
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1. Introduction 
In 1968, generational IQ test score changes were, for the first time, interpreted as 

genuine cohort effects (Schaie and Strother 1968). These changes were subsequently sys-
tematically documented by James Flynn, whose name has since become eponymous for 
cognitive performance increases in the general population (Flynn 1984). Generational 
changes were observed to be positive over most of the 20th century, with an estimated 
IQ increase of three points per decade, and to be differentiated according to intelligence 
domains, with larger fluid than crystallized IQ gains. On a global level, these increases were 
observed to amount to about 30, 35, and 25 IQ points from 1909 to 2013 regarding full-scale, 
fluid, and crystallized intelligence, respectively (Pietschnig and Voracek 2015). Notably, 
these global changes appeared to be nonlinear, with some periods of strong gains being 
interspersed with some less substantial ones, but with all changes on balance remaining 
positive (i.e., all in all indicating IQ gains rather than losses). 

These patterns have been broadly consistent across most of the 1900s, although the 
strength of gains appears to be differentiated according to countries. However, more recent 
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observations have shown that Flynn effect patterns have seemingly become less consistent, 
showing a deceleration (e.g., USA: Rindermann and Thompson 2013), a stagnation (e.g., 
Australia: Cotton et al. 2005), or even a reversal (e.g., Denmark: Dutton et al. 2016) of the  
Flynn effect across different countries. 

It has been hypothesized that these unexpected patterns may result from the more 
fine-grained assessment of cognitive abilities in modern psychometric tests, which pro-
vides a more detailed account of domain-specific ability change. Specifically, most of the 
available evidence about the Flynn effect has primarily been contextualized within the 
classic taxonomy of Cattell’s differentiation between fluid and crystallized IQ (Pietschnig 
et al. 2023). However, according to the presently most widely accepted conceptualization 
of human intelligence (namely, the Cattell–Horn–Carroll model [CHC]; Schneider and 
McGrew 2018), fluid and crystallized intelligence are understood as broad abilities that 
exist on the same level of abstraction as eight further cognitive domains, all of which are 
superordinate to several lower-order subordinate abilities. 

Within the framework of the CHC model, Flynn effects for specific cognitive abilities 
have recently been shown to be differentiated in terms of stratum II and, arguably, stratum I 
CHC abilities (Lazaridis et al. 2022). Intriguingly, stratum II domains either showed (i) pos-
itive Flynn effects (e.g., comprehension knowledge, learning efficiency), (ii) negative Flynn 
effects (e.g., spatial orientation, working memory capacity), (iii) ambiguous trends (fluid 
reasoning, reaction and decision speed, quantitative knowledge, and visual processing), or 
(iv) no change (processing speed, reading and writing). 

This evidence does not necessarily suggest that subdomain differentiation represents 
a recent phenomenon, but that it instead might be due to the increasing use of more 
refined intelligence tests beyond the mere assessment of fluid vs. crystallized IQ and 
psychometric g in more recent decades. Despite a predominant rise in IQ test and subtest 
scores over time, the available evidence suggests a negative association of the Flynn effect 
with psychometric g (Must et al. 2003; Woodley et al. 2014; Pietschnig and Voracek 2015; 
for contrasting findings, see Colom and Flores-Mendoza 2001). A first direct assessment of 
the association of g with test score changes supports this idea, showing tentative evidence 
for cross-temporal decreases in achievement g, which may be a necessary consequence of 
differing population IQ (sub-)domain trajectories (Pietschnig et al. 2023). 

In the traditional approach by Cattell, prior related research has demonstrated that 
fluid IQ typically showed more significant and more robust gains over time than crystallized 
IQ (Flynn 1984; Pietschnig and Voracek 2015). 

However, recent findings of domain-specific changes according to the CHC model 
indicate ambiguous Flynn effects for fluid/reasoning-related subdomains. For example, 
while some results regarding matrices tests suggest only trivial effects (d range = −0.002 to 
−0.05; Lazaridis et al. 2022) or the stagnation of IQ gains (Colom et al. 2023), others indicate 
a reversal of the moderate Flynn effect over time (1996–2001: d = 0.23; 2001–2008: d = −0.11; 
Pietschnig et al. 2021). Thus, it may be reasonable to assume that fluid intelligence change 
trajectories are rooted in a more fine-grained assessment of specific subdomains. 

A significant challenge when assessing the meaningfulness of the Flynn effect revolves 
around determining whether changes in test scores reflect actual changes in the population’s 
ability or merely represent manifestations of differential item functioning across different 
assessment years (DIF). DIF refers to the phenomenon where the discrepancy in average 
performance between samples results from variations in the difficulty of items or their 
ability to differentiate between levels of ability rather than differences in actual abilities as 
societal norms and cultural understandings evolve. This leads individuals to approach these 
tests with different levels of knowledge, consequently affecting the perceived difficulty 
of specific items (Gonthier and Gregoire 2022). Therefore, test score changes can only be 
meaningfully interpreted as population ability changes rather than a measurement artifact 
when cross-temporal measurement invariance is established (i.e., meaning that there is no 
DIF, and item properties have not changed over time; (Lazaridis et al. 2022)). In the light of 
recent evidence for unexpected, ambiguous Flynn effect patterns, such as domain-specific 
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and/or country-specific patterns of stagnation or reversal, some researchers have argued 
that the Flynn effect may genuinely change its direction overall (e.g., Dutton et al. 2016). 
However, whether these patterns would not be better explained by item drift or domain 
specificity is still being determined. 

To contribute to the examination of the Flynn effects in fluid intelligence, we utilized 
the figural-reasoning subtest of a widely used Germanophone intelligence test battery 
(Berliner Test zur Erfassung fluider und kristalliner Intelligenz; BEFKI; Wilhelm et al. 2014). 
The data were collected in 2012, 2018, and 2022 as population-representative samples, 
totaling about 20,000 German secondary school students. 

2. Materials and Methods 
Before accessing any data, we preregistered the study design, the analysis plan, and 

the specific main study hypotheses on the Open Science Framework (OSF; https://osf.io/ 
nd7qr, accessed on 27 December 2023). The analysis code is available at https://osf.io/f9 
6mj/files/osfstorage, accessed on 27 December 2023. 

In all, data from 19,474 secondary school students from Germany were available. 
Sociodemographic sample characteristics are provided in Table 1. 

Table 1. Sample characteristics according to cohort. 

Data Collected in 2012 2018 2022 

N 3889 7142 8443 
Sex 

Men 1929 3719 4070 
Women 1960 3353 4065 

Age 
Mean 15.82 15.70 15.60 
SD 0.29 0.52 0.55 

2.1. Berliner Test zur Erfassung Fluider und Kristalliner Intelligenz (BEFKI) 
For this study, we examined data from the Berlin Test for the Assessment of Fluid and 

Crystallized Intelligence (BEFKI; Wilhelm et al. 2014), a theoretically grounded intelligence 
test for secondary school students. It allows for the examination of students in grades 8 
through 10, irrespective of the school type they are enrolled in. 

The BEFKI has been developed based on the CHC model and comprises two subscales 
to assess crystallized and fluid intelligence. The fluid intelligence scale consists of three 
subscales assessing verbal, numerical, and figural task performance. We used data from 
a parallel form of the figural reasoning subscale for the present study. The psychometric 
properties of this subscale have been shown to be satisfactory, yielding reliabilities of 0.87 
(McDonald’s ω) and concurrent validities of >0.90 with fluid intelligence estimates from 
the cognitive ability test, a well-established German intelligence test (Heller and Perleth 
2000), and associations with listening, orthography, reading, and writing test scores ranging 
from r = 0.65 to 0.69 (Wilhelm et al. 2014). 

2.2. Procedure 
Within the formal assessments of the Programme for International Student Assessment 

(PISA), data from three population-representative cohorts of 15-year-olds were collected in 
Germany in 2012 (in paper–pencil format), 2018, and 2022 (computer-based administration 
in these subsequent cohorts). 

The 16-item figural reasoning subtest had to be completed in 14 min. Across this item 
set, respondents were required to recognize and apply the logical rules necessary to identify 
two missing geometric elements required to complete a sequence of three given geometric 
figures. Respondents had to select the correct elements out of three potential response 
alternatives for the respective missing elements. Items were scored as correct when both 
elements were identified correctly. 

https://osf.io/f9
https://osf.io
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2.3. Statistical Analysis 
Two approaches were pursued to investigate (measurement-invariant) changes in figu-

ral reasoning performance. First, we calculated all pairwise standardized mean differences 
(Cohen d) between the raw scores of the 2012, 2018, and 2022 cohorts. Second, we utilized 
measurement invariance analyses and latent means-based calculations derived from these 
to quantify IQ test score changes. This latter approach allowed us to disentangle genuine 
cognitive ability changes from those merely caused by item drift (e.g., due to changes in 
item difficulty or test administration format; see (Lazaridis et al. 2022)). Consequently, 
we conducted multi-group confirmatory factor analysis (MGCFA) to gradually establish 
measurement invariance levels from configural to strict invariance across all three cohorts. 

Because the figural reasoning subtest yields dichotomous data (responses are scored 
as correct or incorrect), we assessed configural invariance by constraining thresholds and 
factor loadings of the latent construct to be equal across groups (Wu and Estabrook 2016). 
Strict invariance was assessed by additionally constraining residual variances to be equal. 
Model fit was examined based on comparative fit indexes (CFIs). More restrictive models 
were adopted when between-cohort CFI changes did not exceed 0.01 (Cheung and Rensvold 
2002). Subsequently, we estimated latent means and calculated standardized latent change 
scores across cohorts. 

Effect sizes were calculated to indicate the strength of fluid intelligence changes over 
time, with positive (vs. negative) values representing performance increases (vs. decreases) 
over the respective interval (i.e., positive vs. negative Flynn effects). Effect sizes were 
interpreted according to the well-established thresholds introduced by Cohen, being sorted 
into small, moderate, or large effects (i.e., absolute ds = 0.2, 0.5, and 0.8, respectively; Cohen 
1988). Cohen d values of raw and latent scores were transformed into the IQ metric and IQ 
changes per decade (DIQ) via the following formula: DIQ (interval) = [(d × 15)/interval] × 
10 (see Lazaridis et al. 2022). Further, we performed between-cohorts analyses of covariance 
(ANCOVAs), with respondent sex as a covariate, to assess the potential sex-specificity of 
the Flynn effect. 

All analyses were conducted in R 4.0.2 (R Core Team 2022) and RStudio 2022.07.2+576 
(R Studio Team 2022), and measurement invariance analyses were performed with the 
lavaan R package (Rosseel 2012). 

3. Results 
Our analyses revealed consistent declines in figural reasoning performance over the 

observed timespan. Measurement invariance analyses showed the good model fit of strict 
models compared to the configural model (see Table 2), thus suggesting that the BEFKI 
figural reasoning subscale can be assumed to be fully measurement-invariant across all three 
(i.e., 2012, 2018, and 2022) cohorts. Therefore, the observed changes can be interpreted as 
genuine ability changes rather than DIF (e.g., due to changes in test administration format). 

Table 2. Model fit across cohorts. 

Model χ2 p  df  CFI 

Overall 1337.333 <0.001 104 0.972 
2012 334.889 <0.001 104 0.981 
2018 492.863 <0.001 104 0.965 
2022 664.814 <0.001 104 0.971 

Configural 1735.346 <0.001 340 0.968 
Strict 1938.521 <0.001 372 0.964 

Note. df = degrees of freedom; CFI = comparative fit index. 

Standardized test score changes, determined based on raw scores as well as on latent 
means (see Figure 1), showed consistently significant decreases from 2012 to 2022 (with 
small-to-medium effect sizes, ranging from ds =  −0.38 to −0.34; ps < 0.001; see Table 3 and 
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Figure 2). These changes amount to a non-trivial loss estimate of 4.68 to 5.17 IQ points 
per decade. 

Figure 1. Raw (red) and latent (blue) mean test score changes over the three cohorts. 

Table 3. Raw score- and latent mean-based between-cohort changes, expressed as Cohen d and 
DIQ-values. 

Year 2012 2018 2022 

2012 - −0.328 *** (−7.03) −0.379 *** (−5.17) 
2018 −0.250 *** (−5.36) - −0.050 ** (−1.50) 
2022 −0.343 *** (−4.68) −0.094 *** (−2.82) -

Note. The bottom left triangular matrix represents latent mean-based changes, the top right triangular matrix raw 
score-based changes, and table entries in parentheses are estimated DIQ-values (IQ change per decade). Negative 
values indicate performance declines over time. ** p < .01; *** p < .001. 

Figure 2. Cohen d and DIQ changes between data collection years with 95% confidence intervals. 

However, an examination of incremental changes between measurement points 
showed that the changes appeared to be nonlinear. In the interval between 2012 and 
2018, we observed significant decreases in test performance in figural reasoning (d = −0.33 
and −0.25 for raw scores and latent means, respectively; ps < 0.001), representing decreases 
of about 5.4 to 7.0 IQ points over these six years. Results from the subsequent interval (2018 



J. Intell. 2024, 12, 9  6 of 9  

to 2022) were consistent in terms of effect direction and nominal significance, although only 
trivial in terms of effect size (d = −0.05 and −0.09 for raw scores and latent means, with 
p = < .001 and .01, respectively), corresponding to decreases of 1.5 to 2.8 IQ point over these 
five years. 

Analyses of covariance revealed no statistically significant difference in the observed 
Flynn effect between boys and girls for any cohort (time by sex ps = 0.126 and 0.166 for raw 
and latent scores, respectively; see Table 4). 

Table 4. Model fits of ANOVAs and ANCOVAs based on raw (latent) score calculations. 

F  df  p  2ηp 

ANOVA 
Model fit F = 199.31 (158.52); df 1 = 2,  df 2 = 19,471; p = < .001 
Time 199.31 (158.52) 2 <0.001 (<0.001) 0.02 (0.02) 

ANCOVA 
Model fit F = 77.90 (61.66); df 1 = 5,  df 2 = 19,090; p = < .001 
Time 192.46 (152.18) 2 <0.001 (<0.001) 0.02 (0.02) 
Sex 0.05 (0.31) 1 0.822 (0.512) <0.001 (<0.001) 
Time × Sex 2.07 (0.26) 2 0.126 (0.166) <0.001 (<0.001) 

Note. df = degrees of freedom; parenthetical values refer to latent changes. 

4. Discussion 
Here, we investigated evidence for cross-temporal changes in a measurement-invariant 

figural reasoning task based on population-representative samples of German secondary 
school students. Our analyses revealed a reversed (i.e., negative) Flynn effect consistent 
across all cohorts, although these changes appeared to be nonlinear in terms of effect 
strength. These findings are interesting because figural reasoning represents a fluid in-
telligence domain which, on the contrary, typically has been observed to yield the most 
substantial (positive) Flynn effects over time (for a meta-analysis, see Pietschnig and Vo-
racek 2015). 

These findings provide tentative evidence that the recently emerging, rather conflicting, 
findings about the Flynn effect may be due to the relatively coarse assessments of cognitive 
performance that have usually been reported in the pertinent literature (see Pietschnig 
et al. 2023). It could be assumed that more fine-grained assessments (i.e., in terms of 
CHC-stratum I domains) will beneficially contribute towards clarifying the nature, causes, 
and meaning of the Flynn effect, as discussed below. 

We show non-trivial, measurement-invariant decreases in figural reasoning, which 
is a central domain of fluid cognitive task performance. This contrasts the global pattern 
of fluid IQ test scores changes over most of the 1900s (Pietschnig and Voracek 2015). 
However, recent studies have shown evidence for (partly measurement-invariant) Flynn 
effect reversals in this very domain in several countries (Austria: Lazaridis et al. 2022; 
Norway: Bratsberg and Rogeberg 2018; USA: Dworak et al. 2023). 

These observations may not solely be attributed to an actual decline in fluid abilities. 
Instead, studies covering more recent timespans may have investigated test score changes 
based on more refined intelligence models. They might, therefore, have yielded change 
scores for more specific cognitive (sub)domains. It thus may be speculated that the past 
practice of examining IQ test score changes based on distinguishing the rather crude 
domains of fluid vs. crystallized (and fullscale) IQ sensu Cattell (Cattell 1957) may well 
have been suboptimal and could inadvertently have masked domain-specific trajectories. 

Alternatively, the presently observed unexpected declines may result from a generally 
reversing Flynn effect globally. In particular, the decreasing strength of the global Flynn 
effect emerging during the 1980s (Pietschnig and Voracek 2015) has been suggested to be a 
harbinger of an impending stagnation or even reversal of test score gains. Findings from 
spatial ability performance changes in Germanophones in recent decades are consistent 
with this interpretation (Pietschnig and Gittler 2015). However, ambiguous patterns of 
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change within countries and stratum II domains (Lazaridis et al. 2022) suggest a more 
complex mechanism. 

Specifically, it has been argued that changes in ability patterns may result from in-
creased ability differentiation (Pietschnig et al. 2023). According to this idea, one would 
assume that specific (as opposed to all) abilities are becoming more substantially devel-
oped because of the increased specialization of modern-day individuals due to changes in 
environmental reinforcement. Because g is a statistical consequence of the well-established 
positive manifold of intelligence (Spearman 1904), the ability gain in some specific domains 
would lead to a weakening of the intercorrelations among IQ subdomains. This, in turn, 
would explain the previously observed g-based decreases (Pietschnig and Voracek 2015; 
Pietschnig et al. 2023). 

However, a decrease in figural reasoning over time cannot be sufficiently explained 
by ability differentiation because, in its most salient form, ability differentiation would be 
expected to lead to increases in each subdomain. In contrast, full-scale IQ and the strength 
of the positive manifold would be expected to decrease. Instead, it may be speculated that 
ability changes in specific domains may result from changes in environmental demands. 
Figural reasoning abilities may have become less relevant for success in modern-day 
environments. 

Conceivably, the increasing use of modern technological devices, such as smartphones, 
tablets, and computers, could have led to individuals (including school students) spending 
less time on activities that promote figural reasoning (e.g., reading maps, solving puzzles, 
or drawing; of note, other researchers have argued for the beneficial effects of technology 
on population IQ developments, see (Neisser 1997)). This would support the gist of 
previous models postulating IQ changes over time due to social multiplier effects in our 
ever-changing modern environments (Dickens and Flynn 2001). In this vein, expertise in 
individual areas is increasingly reinforced through environmental channels, leaving room 
for genetically based propensities that may promote specialization in a given direction. 

Akin to the present results, recent studies have also reported negative Flynn effects 
in specific domains, such as spatial orientation or working memory capacity (Lazaridis 
et al. 2022). These findings conform to our observations and may likely be due to a similar 
mechanism. Modern environments, on the one hand, may reinforce the development 
of more specific, instead of rather general, ability profiles (but, on the other hand, may 
no longer reward proficiency in particular specific abilities now seen as obsolete or less 
expedient). It seems plausible that declines in specific abilities indeed occur. Decreasing task 
performance in specific domains, such as figural reasoning, could be commensurate with the 
more general idea of varying and IQ (sub)domain-specific change trajectories, manifesting 
themselves as differentiated patterns of gain vs. stagnation vs. loss, as evidenced by 
Lazaridis et al. (2022), that ultimately may lead to a decrease in the strength of the positive 
manifold of intelligence. 

Strengths and Limitations 
The strengths of the current study include the psychometrically unidimensional, 

measurement-invariant test instrument, the large-scale evidence, the population-
representative nature of the samples, and the up-to-datedness of the data. Study limi-
tations to be recognized mainly pertain to several generalizability issues whose relevance is 
currently unknown: the evidence stems from just one (Western) country, the age range of the 
test-takers is narrow, the instrument represents a single IQ domain, and amidst the observa-
tion period a major technological innovation push—with potential relevance for the topic 
scrutinized here—took place (in the course of the 2010s, smartphones became ubiquitous). 

5. Conclusions 
In the present study, we show evidence for a negative Flynn effect in figural reasoning 

on a one-dimensional, measurement-invariant test. These results may indicate that the 
increasingly inconsistent patterns of the Flynn effect, as witnessed in a growing number of 
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recent reports, may be a consequence of overly broad assessments of cognitive abilities in 
the datasets typically available for this line of inquiry. It can be speculated that (sub)domain-
specific change trajectories are a consequence of changing environmental demands, leading 
to a decrease in cognitive ability intercorrelations and a weakening of the positive manifold 
of intelligence. 

Author Contributions: Conceptualization, S.O., S.P. and J.P.; methodology, S.O. and J.P.; software, 
S.O.; validation, J.F. and J.P.; formal analysis, S.O.; investigation, S.O. and J.P.; resources, J.D.; data 
curation, S.O. and S.P.; writing—original draft preparation, S.O. and J.P.; writing—review and editing, 
J.F., S.P., J.D. and M.V.; visualization, J.F.; supervision, M.V. and J.P.; project administration, S.O. All 
authors have read and agreed to the published version of the manuscript. 

Funding: Open Access Funding by the University of Vienna. 

Institutional Review Board Statement: Ethical review and approval were not required because the 
present study is based on archival data which were collected within the Program of International 
Student Assessment. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: The data presented in this study are not publicly available due to 
privacy restrictions. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
Bratsberg, Bernt, and Ole Rogeberg. 2018. Flynn effect and its reversal are both environmentally caused. Proceedings of the National 

Academy of Sciences of the USA 115: 6674–78. [CrossRef] 
Cattell, Raymond Bernard. 1957. Personality and Motivation: Structure and Measurement. Chicago: World Book. 
Cheung, Gordon W., and Roger B. Rensvold. 2002. Evaluating goodness-of-fit indexes for testing measurement invariance. Structural 

Equation Modeling 9: 233–55. [CrossRef] 
Cohen, Jacob. 1988. Statistical Power Analysis for the Behavioral Sciences, 2nd ed. Mahwah: Erlbaum. 
Colom, Roberto, and Carmen Flores-Mendoza. 2001. Intelligence and working memory: Relationship between factor g, cognitive 

complexity and processing capacity. Psicologia: Teoria e Pesquisa 17: 37–47. [CrossRef] 
Colom, Roberto, Luis F. García, Pei Chun Shih, and Francisco J. Abad. 2023. Generational intelligence tests score changes in Spain: Are 

we asking the right question? Intelligence 99: 101772. [CrossRef] 
Cotton, Sue M., Patricia M. Kiely, David P. Crewther, Brenda Thomson, Robin Laycock, and Sheila G. Crewther. 2005. A normative 

and reliability study for the Raven’s Coloured Progressive Matrices for primary school aged children from Victoria, Australia. 
Personality and Individual Differences 39: 647–59. [CrossRef] 

Dickens, William T., and James R. Flynn. 2001. Heritability estimates versus large environmental effects: The IQ paradox resolved. 
Psychological Review 108: 346–69. [CrossRef] [PubMed] 

Dutton, Edward, Dimitri van der Linden, and Richard Lynn. 2016. The negative Flynn Effect: A systematic literature review. Intelligence 
59: 163–69. [CrossRef] 

Dworak, Elizabeth M., William Revelle, and David M. Condon. 2023. Looking for Flynn effects in a recent online US adult sample: 
Examining shifts within the SAPA Project. Intelligence 98: 101734. [CrossRef] 

Flynn, James R. 1984. The mean IQ of Americans: Massive gains 1932 to 1978. Psychological Bulletin 95: 29–51. [CrossRef] 
Gonthier, Corentin, and Jacques Gregoire. 2022. Flynn effects are biased by differential item functioning over time: A test using 

overlapping items in Wechsler scales. Intelligence 95: 101688. [CrossRef] 
Heller, Kurt A., and Christoph Perleth. 2000. Kognitiver Fähigkeitstest für 4. bis 12. Klassen, Revision: KFT 4-12+ R [Cognitive Ability Test 

for Grades 4 to 12, Revised: KFT 4-12+ R]. Weinheim: Beltz-Test. 
Lazaridis, Alexandros, Marco Vetter, and Jakob Pietschnig. 2022. Domain-specificity of Flynn effects in the CHC-model: Stratum II test 

score changes in Germanophone samples (1996–2018). Intelligence 95: 101707. [CrossRef] 
Must, Olev, Aasa Must, and Vilve Raudik. 2003. The secular rise in IQs: In Estonia, the Flynn effect is not a Jensen effect. Intelligence 31: 

461–71. [CrossRef] 
Neisser, Ulric. 1997. Rising scores on intelligence tests: Test scores are certainly going up all over the world, but whether intelligence 

itself has risen remains controversial. American Scientist 85: 440–47. 
Pietschnig, Jakob, and Georg Gittler. 2015. A reversal of the Flynn effect for spatial perception in German-speaking countries: Evidence 

from a cross-temporal IRT-based meta-analysis (1977–2014). Intelligence 53: 145–53. [CrossRef] 
Pietschnig, Jakob, and Martin Voracek. 2015. One century of global IQ gains: A formal meta-analysis of the Flynn Effect (1909–2013). 

Perspectives on Psychological Science 10: 282–306. [CrossRef] 



J. Intell. 2024, 12, 9  9 of 9  

Pietschnig, Jakob, Pia Deimann, Nicole Hirschmann, and Ursula Kastner-Koller. 2021. The Flynn effect in Germanophone preschoolers 
(1996–2018): Small effects, erratic directions, and questionable interpretations. Intelligence 86: 101544. [CrossRef] 

Pietschnig, Jakob, Sandra Oberleiter, Enrico Toffalini, and David Giofrè. 2023. Reliability of the g factor over time in Italian INVALSI 
data (2010–2022): What can achievement-g tell us about the Flynn effect? Personality and Individual Differences 214: 112345. 
[CrossRef] 

R Core Team. 2022. R: A Language and Environment for Statistical Computing. Vienna: R Core Team. Available online: https: 
//www.R-project.org/ (accessed on 27 December 2023). 

Rindermann, Heiner, and James Thompson. 2013. Ability rise in NAEP and narrowing ethnic gaps? Intelligence 41: 821–31. [CrossRef] 
Rosseel, Yves. 2012. Lavaan: An R package for structural equation modeling. Journal of Statistical Software 48: 1–36. [CrossRef] 
Schaie, K. Warner, and Charles R. Strother. 1968. A cross-sequential study of age changes in cognitive behavior. Psychological Bulletin 70: 

671–80. [CrossRef] 
Schneider, W. Joel, and Kevin S. McGrew. 2018. The Cattell-Horn-Carroll theory of cognitive abilities. In Contemporary Intellectual 

Assessment: Theories, Tests, and Issues. New York: Guilford Press, pp. 73–163. 
Spearman, Charles. 1904. “General intelligence” objectively determined and measured. American Journal of Psychology 15: 201–93. 

[CrossRef] 
Wilhelm, Oliver, Ulrich Schroeders, and Stefan Schipolowski. 2014. BEFKI 8–10: Berliner Test zur Erfassung Fluider und Kristalliner 

Intelligenz für die 8. bis 10. Jahrgangsstufe; Manual [BEFKI 8–10: Berlin Test for the Assessment of Fluid and Crystallized Intelligence for 
Grades 8 to 10: Manual]. Boston: Hogrefe. 

Woodley, Michael A., Jan te Nijenhuis, Olev Must, and Aasa Must. 2014. Controlling for increased guessing enhances the independence 
of the Flynn effect from g: The return of the Brand effect. Intelligence 43: 27–34. [CrossRef] 

Wu, Hao, and Ryne Estabrook. 2016. Identification of confirmatory factor analysis models of different levels of invariance for ordered 
categorical outcomes. Psychometrica 81: 1014–1045. [CrossRef] 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 

www.R-project.org



