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A B S T R A C T

Generational IQ test score changes (i.e., the Flynn effect) have been observed for most measures of cognitive 
ability, although certain cognitive domains appear to be less affected by this effect than others. IQ test score 
changes have been found to differ between domains, but evidence of Flynn effects for specific IQ-related abilities 
is sparse. In the present cross-temporal meta-analysis, we investigate potential test score changes for attention as 
assessed by the d2 Test of attention. Based on data from 287 independent samples (N = 21,291) from 32 
countries over a timespan of 31 years (1990–2021) we found evidence for moderate generational test score 
gains in concentration performance in adults, but not children. 
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investigation level may have masked so far only comparatively sparsely 
documented domain-specific changes. In fact, Rodgers (1998) pointed 
out that knowledge about domain-specific trajectories of generational 
IQ changes is critical to clarify the nature, meaning, and causes of the 
Flynn effect. 

Observations of test score changes according to modern intelligence 
conceptualizations (e.g., the Cattell-Horn-Carroll-model of intelligence; 
Schneider & McGrew, 2013) that go beyond the mere distinction of 
crystallized and fluid intelligence indicate that IQ changes may be 
differentiated according to stratum II and consequently lower-echelon 
domains. A recent examination of stratum II abilities found Flynn ef-
fects for general domain-specific knowledge, learning-efficiency, and 
comprehension knowledge (Lazaridis et al., 2022). However, other 
stratum II domains showed a stagnation such as processing speed 
(Lazaridis et al., 2022). This finding conforms to earlier results which 
suggested no changes in inspection time (Nettelbeck & Wilson, 2004) 
and even negative changes for reaction time (Silverman, 2010). 

Findings for the stratum II domains short-term memory and long- 
term storage and retrieval were less consistent. IQ gains have been 
observed for declarative memory (Rönnlund & Nilsson, 2008), visual 
learning and recall (Baxendale, 2010), as well as verbal and visuospatial 
short-term memory (Wongupparaj et al., 2017). However, stagnation 
(Gignac, 2015) and declines were reported for working memory ca-
pacity (Lazaridis et al., 2022), as well as negative Flynn effects for verbal 
and visuospatial working memory (Wongupparaj et al., 2017). 

Within-domain trajectory differences may not necessarily be attrib-
utable to between-country differences alone but may be a consequence 
of cross-temporal variations in the Flynn effect strength and possibly 
direction. Such variations are to be expected because non-linear tra-
jectories of the Flynn effect have been established globally (Pietschnig & 
Voracek, 2015) and within specific countries (Pietschnig & Gittler, 
2015). 

Investigating cross-temporal changes of intelligence and related 
domains is necessary for our understanding of the Flynn effect. 
Conceivably, IQ test score changes may be rooted in changes in execu-
tive functioning components, depending on a given domain. However, 
to date there is little evidence about such potential changes beyond some 
work regarding different memory domains (e.g., Baxendale, 2010). In 
particular, attention and attentional processes have been found to be 
associated with various measures of intelligence, including fluid intel-
ligence, and working memory (Colom et al., 2008). While there is some 
evidence of a negative Flynn effect on the attention/working memory 
and learning trials of the CVLT-II/CVLT3 in the US (Graves et al., 2021), 
to date it is still unclear if there is a Flynn effect for selective attention. 

Here, we address this gap in the literature by conducting a cross- 
temporal meta-analysis on the d2 Test of Attention (Brickenkamp, 
1962), a well-established and widely-used measure of attention, from 
1990 to 2021. To this end, we examine changes in concentration per-
formance (i.e., reflecting selective and sustained attention) and test 
effectiveness (i.e., reflecting the relationship between processing speed 
and accuracy) over time. We further investigate influences of national 
macro indicators (i.e., GDP per capita, internet usage) on test perfor-
mance in the respective time spans. 

2. Methods 

The present study was preregistered at the open science framework 
(doi:10.17605/OSF.IO/FCSD3). All deviations from the preregistration 
are documented at (https://osf.io/qu9gv). 

2.1. Attention measure 

We used the d2 Test of Attention (Brickenkamp, 1962), a well- 
established, validated (Dingel, 1971; Schmidt-Atzert & Ising, 1997), 
and widely-used measure to investigate cross-temporal changes in se-
lective attention and processing speed. Originally, it has been developed 

for the use in Germanophone countries but has since been adapted and 
validated for the use in other countries (Bates & Lemay, 2004; Fernán-
dez-Marcos et al., 2018; Filippetti et al., 2022; Seisdedos & Brick-
enkamp, 2012). In validation studies, the d2 Test of Attention has shown 
excellent reliabilities with overall Cronbach alphas ranging between 
0.90 and 0.96 (Brickenkamp, 1962; Brickenkamp et al., 2010). 

The d2 Test of Attention is a cancellation test involving simultaneous 
presentation of visually similar stimuli and has been proposed to be a 
particularly useful measure of attention and concentration processes. 
The task is to cross out all target characters (a letter “d” with a total of 
two dashes placed above and/or below), which are interspersed with 
nontarget characters (a “d” with more or less than two dashes, and “p” 
characters with any number of dashes). Participants are given a time 
limit of 20 s to process each line and are typically unable to inspect all 
items in a line due to the time constraints. Traditionally the d2 Test of 
Attention was scored based on 14 lines with 47 characters each (658 
total characters), however effective the release of the 10th edition only 
12 lines are scored now (564 characters). The test can be administered 
both in individual or group-settings and typically takes between 8 and 
10 min. 

Test performance on the d2 Test of Attention is assessed in terms of 
two indices: Concentration Performance (CP) is measured by the num-
ber of correctly marked items (i.e., a measure for selective attention) 
minus the number of incorrectly identified items (i.e., commission er-
rors) and Test Effectiveness (TNE) is measured by the number of all 
inspected items (i.e., a measure for processing speed) minus the number 
of incorrectly and non-identified items (i.e., commission plus omission 
errors). Concentration performance has been considered to be an indi-
cator of selective and sustained attention. The TNE composite represents 
the relationship between speed and accuracy and therefore can serve as 
an indication of test taking style. There are further indices that can be 
interpreted for the d2 Test of attention. However, we presently focus on 
CP and TNE, because these indices represent the most informative 
commonly reported indices in the available literature. 

2.2. Literature search 

To identify articles reporting d2 Test of Attention scores, we first 
conducted a cited reference search for Brickenkamp (1962) and all 
subsequent d2 editions including non-Germanophone adaptations in ISI 
Web of Knowledge. This was deemed to be a reasonable strategy because 
any primary study that used the d2 Test should have cited the original 
test or any of its revisions. Moreover, we searched PsychInfo using the 
search strings “d2 AND attention” and “d2 Test of Attention” and 
screened the first 100 hits in www.scholar.google.com for the same 
search query. Finally, the open access theses and dissertations database 
(www.oatd.org) was searched for the terms “d2 Test of Attention” and 
“d2 Aufmerksamkeitstest”. 

Studies in languages other than English or German were translated 
with the free version of the online translator DeepL (https://deepl. 
com/translator; k = 15, 2, and 1 Spanish, Turkish, and French studies 
were included in the final sample). Our literature search was concluded 
in February 2023 (see Fig. 1 for the PRISMA study flowchart). 

2.3. Inclusion and exclusion criteria 

To be included in the current meta-analysis, studies had to meet the 
following inclusion criteria. Studies must have (i) had assessed attention 
via the pen-and-paper version of the d2 Test of Attention, (ii) reported 
mean scores and standard deviations on any of the d2 Test components 
(i.e., non-parametric reports were ineligible and reports that were based 
on unclear index calculations were excluded), (iii) investigated healthy 
participants, and (iv) been independent of other reported outcomes. In 
cases of data dependencies, the earliest reported results were preferred 
for study inclusion. In cases where essential information was missing, 
the corresponding authors of the respective studies were contacted with 
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a follow up after two weeks. In cases where no responses were obtained, 
studies were excluded from analyses. In the current study we contacted 
in total 28 authors, three of which provided the requested missing 
information. 

For eligible studies, essential details and characteristics were recor-
ded including author(s) name(s), publication year, data collection year, 
country, study design (survey vs. experimental vs. clinical trial), data 
type (original vs. pre-test vs. control), sample size, sample type (children 
vs. adults), sample mean age and standard deviations, as well as the d2 
Test edition used. Following standard approaches (Pietschnig & Gittler, 
2015; Twenge & Campbell, 2001), we assumed that data collection took 
place two years prior to publication of a study if data collection years 
were not explicitly given. In cases where studies involved experimental 
manipulations, only pre-test data or data from control groups were 
included. We further recorded mean scores and standard deviations of 
d2 Test scores whenever these were provided. 

In the final step we included annual country-specific macro-level 
indicators retrieved from the World Bank database (https://data.worl 
dbank.org) as predictors. For prosperity we used GDP/PPP in USD (i. 

e., gross domestic product converted to international dollars using 
purchasing power parity rates). Everyday digital technology use was 
measured by internet use (% of population that indicated having used 
the internet in the past three months). 

Data were coded twice independently by the first author [DA]. A 
reference list of included studies is provided in the online supplementary 
materials S1 (https://osf.io/qmb7j). 

2.4. Final sample 

Overall, we were able to retrieve data from 287 independent samples 
(N = 21,291) from 179 studies over a time span of 31 years 
(1990–2021). Samples originated from Germany (36.9 %, k = 106), 
Spain (13.6 %, k = 39), USA (6.6 %, k = 19) Austria (5.9 %, k = 17), and 
another 31 different countries (39.6 %, k = 106) with overall mean ages 
of 25.74 (SD = 16.49; 50.6 % women; see Table 1 for details). 

Fig. 1. Flowchart of study inclusion.  
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2.5. Statistical analyses 

We used a Cross-Temporal Meta-Analysis approach to examine d2 
Test score changes over time. Our main analyses focus on all included d2 
Test data. We supplemented these by analyses from Germanophone 
samples only (i.e., the DACH region: Germany, Austria, and 
Switzerland). We interpret effect sizes according to the well-established 
criteria of Cohen (1988; η2 = 0.01, 0.06, and 0.14 are interpreted as 
bottom thresholds of small, moderate, and large effects, respectively). 
Skewness and kurtosis of CP scores and TNE scores were acceptable 
yielding 0.190 and − 0.151, − 0.353 and − 0.631, respectively. Data 
collection year exhibited a skewness of − 1.690 and a kurtosis of 5.469. 

In the d2 Test editions prior to 2010, scores were assessed based on 
14 test lines with 47 characters each. However, in the subsequent re-
visions only 12 lines are used to calculate scores, resulting in a lower 
achievable raw score on the d2 Test. To ensure that results from different 
versions are cross-temporally comparable, we transformed raw scores 
reported in the primary studies into relative performance scores (i.e., the 
relative number of achievable scores instead of raw scores were calcu-
lated to account for the differences between maximum achievable scores 
between editions). By doing so, potential changes in overall test and 
concentration performance can consequently be interpreted as changes 
in population ability over time. 

Following standard cross-temporal meta-analytical approaches (e.g. 
Pietschnig & Gittler, 2015; Twenge & Campbell, 2001), we predicted 
mean concentration and total test performance by year of data collection 
weighted by precision (i.e., sample size). We conducted the analyses 
separately for children and adults. Missing data in independent and 
dependent variables led to casewise exclusion from the respective ana-
lyses. Subsequently, the influence of national macro indicators on the 
indices were assessed. To this end, we ran multiple meta-regressions 
with data collection year and either prosperity (i.e. GDP/PPP in USD) 
or everyday digital technology use (i.e. internet use) as predictors. This 
approach was adopted because entering all predictors simultaneously 
would have resulted in considerable attrition due to data missingness 
(~75 % of cases would have had to be excluded). 

Further, we used regression discontinuity analyses to examine po-
tential changes in regression slopes attributed to the changes in the 
maximum achievable score of the revised d2 Test of Attention. Given the 
revision and re-standardization of the d2 Test in the 10th Edition, we 
reasoned that 2010 might be a point where discontinuities in trajectories 
may occur due to the revision and change in scoring (note, that by using 
relative test performance instead of raw scores, test performance 
remained comparable in our calculations). This approach enabled us to 
investigate potential influences of the revised test material. 

We additionally conducted sensitivity and robustness analyses using 

Table 1 
Sample characteristics.   

Concentration Performance (CP) Total Test Effectiveness (TNE)  

Mean (SD) Min–Max  Mean (SD) Min–Max 

k  203 – –  155 – – 
N  14,131 – –  11,243 – – 
Sample size  69.61 (120.77) 6–1108  72.53 (95.41) 10–626 
Mean scorea  147.09 66–281  365.64 175–590 
Year of data collection  – 1990–2021  – 1992–2020 
Age of participant  25.21 (15.46) 7–72  23.82 (17.34) 7–74 
Sex ratio (F/M)  50/50 0–100  50/48 0–100    

Concentration Performance (CP) Total Test Effectiveness (TNE)  

k % k % 

Country     
Germany 90 44.3 31 20 
Spain 30 14.8 36 23.2 
Austria 15 7.4 2 1.3 
USA 9 4.3 15 9.7 
Italy 8 3.8 9 5.8 
Turkey 1 0.5 7 4.5 
Canada 4 1.9 7 4.5 
Argentina 1 0.5 7 4.5 
Brazil – – 5 3.2 
Denmark 2 1.0 4 2.6 
Norway 1 0.5 4 2.6 
India 4 2.0 4 2.6 
Switzerland 4 2.0 2 1.8 
Netherlands 8 3.8 1 0.6 
Iran 1 0.5 1 0.6 
Portugal 1 0.5 – – 
France 1 0.5 3 1.9 
Poland 4 2.0 4 2.6 
South Korea 3 1.5 1 0.6 
New Zealand 4 2.0 1 0.6 
Israel 3 1.5 3 1.9 
Taiwan 1 0.5 2 1.3 
Belgium 1 0.5 – – 
UK 1 0.5 1 0.6 
Chile 4 2.0 4 2.6 
Slovenia 1 0.5 – – 
Rep. Congo 1 0.5 – – 
Armenia – – 1 0.6 

k = number of independent samples in which means were available for the analysis, N = sum of the sample size for each index. 
a Weighted by sample size. 
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L1 regularized regressions (Tibshirani, 1996). In L1 regressions, the 
influences of potential leverage points are assessed by using absolute 
deviations of residuals from the regression line instead of squared de-
viations. We used the ‘lmrob’ function in the ‘robustbase’ R package to 
run the L1 regression analysis (Maechler et al., 2021). 

To evaluate the overall trend of d2 Test scores over time, we 
computed annual mean scores weighted by sample size of the primary 
studies. This allowed us to describe changes in the trend of attention 
score data by means of joinpoint regression models (Kim et al., 2000). 
This approach allows the identification of points in a timeline where 
regression slopes change significantly in their strength. In other words, 
each joinpoint represents the point where two linear regression seg-
ments with significantly different slopes connect. 

To determine the best-fitting model, we initially applied a simple 
model assuming linearity with no joinpoints. Subsequently, more com-
plex models with additional joinpoints were fitted and compared to the 
simpler models using permutation tests that assess the squared errors of 
the null and alternative models. We employed Bonferroni-corrected 
permutation tests and used the Joinpoint Regression Program 4.0.4 
(Statistical Research and Applications Branch, 2011) to fit models with 
up to four joinpoints. All data and the R analysis code are available at 
https://osf.io/utzmp and https://osf.io/xuy2e, respectively. 

3. Results 

3.1. Concentration Performance (CP) 

For children, no meaningful time trends were identified in the meta- 
regression model for CP, thus indicating no changes between 2003 and 
2020 in selective attention (see Fig. 2, Panel A; left side of Table 2). No 
meaningful effects of any of the macro indicators on test scores were 
observed (left side of Table 2). 

Regression discontinuity analyses indicated that CP score trajectories 
did not differ significantly before and after 2010, thus indicating no 
effects of the test revision on CP changes (b = 5.420, t = 1.107, p = .272; 
see Supplemental Materials S2 at https://osf.io/5w6nk). Joinpoint 
regression did not show any significant changes in the slope of the 
observed trajectories, thus supporting linearity of changes (numerical 
details are provided in the online Supplemental Materials S3 at 
https://osf.io/dvuc2). Results of our precision-weighted L1 regressions 

were broadly in line with findings of our standard approaches. No sig-
nificant time trends were observed in our single regression, (b = − 0.413, 
t = − 0.352, p = .725; see Supplemental Materials S4 at https://osf. 
io/u27ak). The precision-weighted L1 regression of data collection 
year and internet use yielded a positive effect (b = 0.618, t = 2.661, p =
.009). 

For adults, our analyses yielded a small significant positive effect of 
data collection year on CP scores (b = 1.173, t = 2.708, p = .007, ηp

2 =

0.055; right side of Table 2), indicating a meaningful increase in con-
centration performance between 2000 and 2021. When macro in-
dicators were included, the effect of data collection year on test scores 
remained significant. Regression discontinuity analyses indicated that 
CP score trajectories did not differ significantly before and after 2010, 
thus indicating no effects of the test revision on CP changes (b = − 0.625, 
t = − 0.263, p = .793). No joinpoints were identified in joinpoint re-
gressions indicating no meaningful changes in the CP change trajectory 
for adults over the investigated period. Results of our precision- 
weighted L1 regressions differed from the findings of our standard ap-
proaches. No significant time trends were observed in our single and 
multiple regressions. Furthermore, we observed a small positive effect 
for GDP (b < 0.001, t = − 2.140, p = .034). 

3.2. Test Effectiveness (TNE) 

For children no meaningful time trends were identified in the meta- 
regression model for TNE, thus indicating no changes in test effective-
ness (b = 2.915, t = 1.467, p = .147, ηp

2 = 0.029; Fig. 2, Panel B; left side 
of Table 3). No meaningful effects of any of the macro indicators on TNE 
scores were observed. Regression discontinuity and joinpoint regression 
indicated no significant changes in slopes and precision-weighted L1 
regressions were in line with findings of our standard approaches. 

For adults, our analyses yielded no significant effects of data 
collection year on TNE scores (b = − 1.904, t = − 1.805, p = .074, ηp

2 =

0.039; right side of Table 3), indicating no changes in test effectiveness. 
A small significant positive effect of data collection year was observed 
when GDP was added to the model (b = − 2.118, t = − 1.998, p = .049, 
ηp

2 = 0.051). 
Regression discontinuity analyses and joinpoint regressions indi-

cated no meaningful changes in the TNE change trajectory for adults 
over the investigated period. Results of our precision-weighted L1 

Fig. 2. Cross-temporal meta-regression of concentration performance, overall test effectiveness, processing speed, and overall errors and year of assumed 
data collection. 
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regressions were mostly in line with the findings of our standard ap-
proaches. When macro indicators were added to our single regression 
models, effects of data collection year on test scores showed a positive 
effect for GDP (b < 0.001, t = − 2.140, p = .034), but no effect for 
internet use. 

3.3. Processing speed 

Data collection year had a moderate positive, albeit nominally non- 
significant, cross-temporal effect (b = 7.398, t = 1.920, p = .06, ηp

2 =

0.065) on processing speed in children (left side of Table 4; Fig. 2 Panel 
C). Moderate significant positive effects of data collection year were 
observed when GDP (b = 8.406, t = 2.039, p = .046, ηp

2 = 0.075) and 
internet use (b = 10.446, t = 2.052, p = .045, ηp

2 = 0.076) were added to 
the model. Regression discontinuity and joinpoint regressions did not 
indicate any significant changes in regression slopes. Precision-weighted 
L1 regressions showed no significant influences of data collection year 

when macro indicators were added to the models. 
For adults, our analyses yielded no significant effects of data 

collection year on processing speed (b = − 1.741, t = − 1.329, p = .192, 
ηp

2 = 0.045). No significant effects of any of the macro indicators on test 
scores were observed. Regression discontinuity analyses and joinpoint 
regressions did not indicate any change in regression slopes. Precision- 
weighted L1 regressions showed a significant negative effect for 
internet use on processing speed (b = − 1.329, t = − 4.504, p < .001). 

3.4. Overall errors 

For children, our analyses yielded a significant large positive effect of 
data collection year on the number of committed errors (b = 0.675, t =
2.163, p = .038, ηp

2 = 0.131), indicating a meaningful increase in overall 
errors between 2000 and 2021 (Table 5; Fig. 2 Panel D). When macro 
indicators were added to the models, effect of data collection year on test 
scores remained significant, excepting when GDP was added as a 

Table 2 
Single and multiple weighted regression analyses for concentration performance for children and adults.   

Children Adults 

df (adj) R2 b SE t p ηp
2 df (adj) R2 b SE t p ηp

2 

Single regression 
Year of assumed data collection  79  0.008  1.121  0.859  1.305  .196  0.021  125  0.047  1.173  0.433  2.708  .007  0.055  

Multiple regressions 
Model 1               

Year of assumed data collection  76  0.013  1.441  0.915  1.573  .120  0.031  118  0.028  0.890  0.430  2.067  .041  0.035 
GDP   <0.001  <0.001  − 1.139  .258  0.016   <0.001  <0.001  − 0.663  .508  0.003 

Model 2               
Year of assumed data collection  76  0.022  0.718  0.939  0.765  .447  0.007  118  0.032  1.186  0.487  2.435  .016  0.047 
Internet use   0.351  0.249  1.411  .162  0.025   − 0.917  0.982  − 0.967  .335  0.007 

Note. Cases were precision-weighted according to sample size. 

Table 3 
Single and multiple weighted regression analyses for test effectiveness for children and adults.   

Children Adults 

df (adj) R2 b SE t p ηp
2 df (adj) R2 b SE t p ηp

2 

Single regression 
Year of assumed data collection  72  0.015  2.915  1.987  1.467  .147  0.029  79  0.027  − 1.904  1.055  − 1.805  .074  0.039  

Multiple regressions 
Model 1               

Year of assumed data collection  69  − 0.007  2.504  2.288  1.094  .278  0.017  73  0.043  − 2.118  1.060  − 1.998  .049  0.051 
GDP   <0.001  <0.001  0.337  .737  0.002   <0.001  <0.001  − 0.966  .322  0.013 

Model 2               
Year of assumed data collection  69  0.003  0.764  3.018  0.253  .801  <0.001  73  0.030  − 2.162  1.714  − 1.261  .211  0.021 
Internet use   0.839  0.906  0.927  .357  0.012   − 0.017  0.470  − 0.038  .970  <0.001 

Note. Cases were precision-weighted according to sample size. 

Table 4 
Single and multiple weighted regression analyses for processing speed for children and adults.   

Children Adults 

df (adj) R2 b SE t p ηp
2 df (adj) R2 b SE t p ηp

2 

Single regression 
Year of assumed data collection  53  0.047  7.398  3.854  1.920  .060  0.065  37  0.019  − 1.741  1.310  − 1.329  .192  0.045  

Multiple regressions 
Model 1               

Year of assumed data collection  51  0.039  8.405  4.122  2.039  .046  0.075  32  0.073  − 2.387  1.332  − 1.792  .082  0.091 
GDP   >− 0.001  <0.001  − 0.698  .488  0.009   >− 0.001  <0.001  − 0.895  .377  0.024 

Model 3               
Year of assumed data collection  51  0.045  10.446  5.090  2.052  .045  0.076  32  0.058  − 1.782  2.014  − 0.885  .383  0.023 
Internet use   − 1.279  1.423  − 0.899  .372  0.015   − 0.320  0.604  − 0.530  .599  0.008 

Note. Cases were precision-weighted according to sample size. 
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predictor to the model (b = 0.696, t = 1.997, p = .055, ηp
2 = 0.121). 

Regression discontinuity and joinpoint regressions indicated no signifi-
cant slope changes. Precision-weighted L1 regressions yielded no sig-
nificant effects of data collection year or macro indicators on test 
performance. 

For adults, our analyses yielded no significant effect of data collec-
tion year on overall errors (b = − 0.068, t = − 0.203, p = .842, ηp

2 =

0.003). No meaningful effects of any of the macro indicators on test 
scores were observed. Furthermore, regression discontinuity and join-
point regressions indicated no significant slope changes. Similarly, 
precision-weighted L1 regressions yielded no significant influences of 
data collection year or macro-indicators, excepting a significant nega-
tive effect of internet use (b = − 0.427, t = − 5.009, p < .001). 

3.5. Germanophone samples 

To assess robustness of our time trends, we repeated all our analyses 
in a data subset of observations from Germanophone countries (i.e., the 
DACH region). Our results were broadly in line with our main analysis 
(see Supplementary Materials S5 at https://osf.io/fr2mu). Once again, 
for children no meaningful time trends for CP were observed, nor did 
macro-level indicators yield significant effects. The time trends for CP in 
adults found in the main analysis were not observed in the DACH region 
(b = 0.615, t = 1.156, p = .251, ηp

2 = 0.015). For TNE the results were 
virtually identical with our main analysis. However, the time trend for 
overall errors in children in our main analysis did not replicate for 
children in the DACH region (b = 0.090, t = 0.241, p = .815, ηp

2 = 0.006), 
nor were there significant effects for macro-indicators observed. Inter-
estingly, in contrast to our main analysis findings, data collection year 
showed a significant negative effect for overall errors in children (b =
− 5.262, t = 1.445, p = .006). 

Regression discontinuity and joinpoint regression analyses yielded 
no significant slope changes. Results of our precision-weighted L1 re-
gressions yielded a significant negative effect of data collection year on 
TNE for adults, indicating a decline of test effectiveness in adults in the 
DACH region (b = − 4.403, t = 1.251, p < .001). Supplementary analyses 
for cross-temporal regressions in data subsets of developed and devel-
oping countries (United Nations, 2014) can be found in the online 
Supplementary Table S7. 

4. Discussion 

Here, we investigated generational test score changes in attention in 
a large number of incidentally recruited samples. Specifically, we 
examined changes in concentration performance (i.e., selective and 
sustained attention) and test effectiveness (i.e., speed and accuracy) on 
the d2 Test of Attention in adults and children between 1990 and 2021. 

Our results indicate that concentration performance in adults has been 
increasing over the investigated time period. Moreover, our analyses 
yielded evidence for increasing overall errors and somewhat increased 
processing speed in children, indicating a shift in test taking styles. 
These results present several points of interest as we discuss below. 

4.1. A Flynn effect for attention 

A clear positive meaningful Flynn effect was observed for concen-
tration performance in adults. This mirrors findings of generational 
gains found in other executive functions, such as working memory 
(Baxendale, 2010; Wongupparaj et al., 2017). Attention and working 
memory have previously been shown to be associated with fluid intel-
ligence (Colom et al., 2008). Given this link, it is possible that the 
observed fluid IQ gains are rooted in changes in these executive function 
components. 

Some non-significant, but meaningful gains in concentration per-
formance were observed for children. Although the failure to reach 
nominal statistical significance for children may be due to a compara-
tively lower study power, we observed in any case stronger gains for 
adults than children. This is consistent with previous reports of stronger 
IQ gains of adults than children in standard intelligence testing (Flynn, 
2010; Pietschnig et al., 2013). It has been argued that better education 
could explain age differentiated Flynn effects (Flynn, 2010) which could 
conceivably explain the presently observed pattern. 

Our observed change trajectories indicated stronger changes in all 
data than when we focused on Germanophone samples only. This 
observation can be attributed to two potential causes. On the one hand, 
the larger strength of the observed global change trajectory may have 
been a consequence of the admixture of country-specific change tra-
jectories. This interpretation is arguably in line with country-specific 
patterns that have been observed for the Flynn effect in the past 
(Pietschnig & Voracek, 2015). On the other hand, isolated data points 
from individual countries may have acted as leverage points in our 
regression analysis, thus arbitrarily inflating results of global ordinary 
least squares regressions. This interpretation is supported by lower gains 
for global data in our mean absolute deviation regression analyses. 
However, Germanophone gains in concentration performance of adults 
remained meaningful, thus corroborating the salience of this effect. 

National economic prosperity appeared to only play a minor role for 
our time trends. Specifically, in our analyses GDP showed mostly trivial 
and small positive effects for adults and children, respectively. This 
somewhat contrasts previous findings of positive associations between 
national wealth and the Flynn effect in several nations (Lynn & Van-
hanen, 2002; Pietschnig & Voracek, 2015) and indicates that the role of 
GDP for changes in attention is small at best. 

Internet use predicted concentration performance positively, 

Table 5 
Single and multiple weighted regression analyses for overall errors for children and adults.   

Children Adults 

df (adj) 
R2 

b SE t p ηp
2 df (adj) R2 b SE t p ηp

2 

Single regression 
Year of assumed data collection  31  0.103  0.675  0.312  2.163  .038  0.131  13  − 0.073  − 0.068  0.338  − 0.203  .842  0.003  

Multiple regressions 
Model 1               

Year of assumed data 
collection  

29  0.077  0.696  0.348  1.997  .055  0.121  10  − 0.011  − 0.008  3.212  − 0.025  .980  <0.001 

GDP   >− 0.001  <0.001  − 0.028  .978  <0.001   >− 0.001  <0.001  − 1.353  .206  0.154 
Model 2               

Year of assumed data 
collection  

29  0.173  1.632  0.595  2.742  .010  0.205  10  − 0.061  0.372  0.503  0.740  .476  0.051 

Internet use   0.104  0.201  − 1.839  .076  0.104   − 0.262  0.233  − 1.126  .286  0.112 

Note. Cases were precision-weighted according to sample size. 
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yielding small effects for children but no meaningful effects for adults. 
This seems to be in contrast with findings that indicate adverse effects of 
digitalization in general, and video games, media multitasking, as well 
as overall increased screen time on attention capabilities in particular 
(Swing et al., 2010; for a review see Vedechkina & Borgonovi, 2021; 
Zheng et al., 2014). However, modern technology exposure has been 
conceptually linked to the Flynn effect (Clark et al., 2016; Neisser, 1997) 
which is in line with our observation of positive associations between 
internet use and attention. However, this association was small in terms 
of strength which is unsurprising, given previous evidence that has 
indicated a limited relevance of technology for the Flynn effect (Dutton 
et al., 2016; Flynn, 2012; Pietschnig, 2016). 

These results further support the importance to understand the Flynn 
effect as a domain-specific phenomenon, that must be assumed to be 
differentiated according to stratum II IQ and its related domains (e.g., 
stratum II abilities: Lazaridis et al., 2022; spatial ability: Pietschnig & 
Gittler, 2015, emotional intelligence: Pietschnig & Gittler, 2017; work-
ing memory: Wongupparaj et al., 2017). 

4.2. Test taking styles: test effectiveness, processing speed, and errors 

Changes in test effectiveness are a composite measure of processing 
speed and errors, thus arguably representing changes in test taking 
styles. Our results indicate differentiated trajectories of test taking styles 
for children and adults. Specifically, we observed a small increase in test 
effectiveness for children accompanied by increased processing speed 
and a moderate-to-large significant increase in overall errors. In 
contrast, for adults our results showed small declines in test effective-
ness, processing speed, and overall errors. A faster and less accurate test 
taking style, as seen here in children, is considered to represent impul-
sivity, while a more accurate but slower performance represents 
reflexivity (Brickenkamp et al., 2010; Kagan, 1966). Thus, our findings 
indicate that children have become increasingly more impulsive in their 
test taking styles in the past three decades. Conceivably, this may be 
attributed to effects of an increasingly permissive society which has been 
suggested to be less likely to sanction errors (e.g., Brand, 1990). 

The moderate increase in processing speed for children contrasts 
prior Flynn effect research on inspection time in Australian children 
where no meaningful changes were observed (Nettelbeck & Wilson, 
2004). However, these findings should be taken with a grain of salt, 
because reanalyses of this trajectory in Germanophone samples only 
showed a reversal of the observed sign. This raises concerns about the 
stability of these observed changes. 

However, trajectories of adult samples showed a small decline in 
processing speed in all data as well as in Germanophone samples. This 
observation contrasts evidence from previous studies that investigated 
test taking style-related changes in adults and showed no changes in test 
taking speed (Must & Must, 2018) in Estonia or speed-related stratum II 
abilities (Gs and Gt) in Germanophone samples (Lazaridis et al., 2022). 

Our results for overall errors were once again differentiated ac-
cording to participant age. We observed a moderate-to-large significant 
increase in overall errors in children, but no meaningful change for 
adults. The only meaningful macro-level driver of errors appeared to be 
a positive moderate-to-large effect of internet use on errors in children. 
Neither GDP in either age group nor internet use in adults showed any 
meaningful associations. This is interesting, because it contrasts our 
observations of positive effects of internet use on concentration perfor-
mance. This observation is inconsistent with the proposed positive ef-
fects of modern technology on the Flynn effect (e.g., Neisser, 1997) and 
further points towards the limited relevance of technology of test score 
changes (Pietschnig, 2016). 

These findings support the interpretation of an increase in impulsive 
test taking styles in children which manifests in a significant increase in 
errors and processing speed. There are various potential reasons for this 
observation. First, instructions provided during tests that emphasize 
speed rather than accuracy may contribute to this behavior. When 

individuals are instructed to complete tasks quickly, they may prioritize 
speed over accuracy, leading to more impulsive responses (Ackerman & 
Ellingsen, 2016). 

Second, beliefs about speed being equated with success or compe-
tence (Wieselmann et al., 2020) may have resulted in increasingly 
impulsive test-taking styles. The erroneously held perception that faster 
performance is indicative of higher ability may once more encourage 
individuals to prioritize speed at the expense of accuracy (e.g., partici-
pants may erroneously expect to be rewarded for a speedy performance). 

Third, a perceived lack of consequences in regard to the test outcome 
may lead to a low motivation to cognitively invest more than surface 
level processing in test responses (i.e., akin to the competency- 
performance problem), thus leading to a more impulsive as opposed to 
a reflective test taking style and consequently more errors (Jonassen & 
Grabowski, 1993, p. 113). This idea is rooted in the assumption that 
individuals may be more likely to invest effort and exhibit focused 
attention when there are tangible consequences of their actions, such as 
grades or rewards that are at stake (Frömer et al., 2021). Particularly in 
cross-temporally increasingly permissive societies (Brand, 1990), such 
effects could be expected to become more pronounced. 

4.3. Limitations 

First, the samples that have been included in this meta-analysis were 
heterogeneous in terms of nationality which conceivably may have led 
to an apples-and-oranges problem. However, we conducted robustness 
analyses for our results by rerunning all our analyses based on Germa-
nophone samples (i.e., a rather homogeneous data subset in terms of 
nationality) and observed broadly similar results. In a similar vein, not 
all studies included in the current cross-temporal meta-analysis are 
population representative which arguably may have introduced statis-
tical noise into our data. This means that existing true effects become 
harder to detect. Therefore, our identified effects should be considered 
to represent conservative estimates of the true effects. 

Second, information about the used test edition within studies were 
often missing. This means, that we were unable to determine in many 
cases which one of the two existing administration modes (i.e., original 
vs. revised procedure) was used. However, we used discontinuity re-
gressions and joinpoint regressions, to examine cross-temporal changes 
in the trajectory slopes which showed no indication for any systematic 
influences of potentially unidentified test edition-related changes. 

Finally, it needs to be acknowledged that the national macro-level 
indicators that we used in our moderator analyses represent rather 
crude proxies for potential influential variables. For instance, data on 
internet use provides information on the percentage of the population 
that has used the internet in the past three months. While this infor-
mation offers insight into the adoption of internet technology at a broad 
level, it does not provide sufficient granularity to assess the magnitude 
or intensity of internet use among the individuals within the respective 
samples. This means that the presently observed effects of macro- 
indicators must be considered to represent a lower threshold of the 
true effect due to the considerable statistical noise that is introduced by 
such crude measures. 

5. Concluding remarks 

In all, we show here first evidence for a Flynn effect for attention. 
This effect appears to be differentiated according to participant age, 
indicating moderate positive concentration performance changes for 
adults, but not for children. Conceivably, this may indicate a meaningful 
role of executive functions for changes in more traditional IQ domains. 
Cross-temporally increasing error rates and processing speed of children 
may be attributed to more impulsive behaviors whilst taking tests. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.paid.2023.112417. 
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