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a b s t r a c t

The study examined the extent to which time-related gains in cognitive performance, so-called Flynn
effects, generalize across sub-factors of episodic memory (recall and recognition) and semantic memory
(knowledge and fluency). We conducted time-sequential analyses of data drawn from the Betula prospec-
tive cohort study, involving four age-matched samples (35–80 years; N = 2996) tested on the same battery
of memory tasks on either of four occasions (1989, 1995, 1999, and 2004). The results demonstrate sub-
stantial time-related improvements on recall and recognition as well as on fluency and knowledge, with
ohort factors
a trend of larger gains on semantic as compared with episodic memory [Rönnlund, M., & Nilsson, L.
-G. (2008). The magnitude, generality, and determinants of Flynn effects on forms of declarative mem-
ory: Time-sequential analyses of data from a Swedish cohort study. Intelligence], but highly similar gains
across the sub-factors. Finally, the association with markers of environmental change was similar, with
evidence that historical increases in quantity of schooling was a main driving force behind the gains, both
on the episodic and semantic sub-factors. The results obtained are discussed in terms of brain regions

involved.

Massive time-related IQ gains were observed in Western soci-
ties during the 20th century. The effect is referred to as the Flynn
ffect following large-scale analyses by Flynn (1984, 1987; for sim-
lar observations, see Lynn, 1982; Owens, 1966; Schaie, Labouvie,

Beuch, 1973; Tuddenham, 1948). With regard to magnitude of
he effects, Flynn observed gains amounting to 3 IQ points per
ecade on the WAIS and an even higher rate of gains on measures
f fluid reasoning such as versions of Ravens matrices. Subsequent
esearch confirmed the generality of the effects by demonstrating
hem in a variety of other settings (e.g., Colom, Andrés-Pueyo, &
uan-Espinoza, 1998; Daley, Whaley, Sigman, & Neumann, 2003;
ynn & Hampson, 1986; Must, Must, & Raudik, 2003; Teasdale &
wen, 1989).

As noted by Hiscock (2007), Flynn effects have important prac-
ical implications. First, normative data on batteries devoted to
he assessment of cognitive functions need to be updated with
requent intervals in order to ensure their population validity. Sec-
nd, the presence of an upward drift in performance entails that

significant portion of the age-related variance in test scores are

ttributable to generational membership, or cohort, rather than
aturation. In such a case, cross-sectional data covering an age-

ange for which the Flynn effects apply should indicate a steeper

∗ Corresponding author.
E-mail address: michael.ronnlund@psy.umu.se (M. Rönnlund).

028-3932/$ – see front matter © 2008 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2008.11.007
© 2008 Elsevier Ltd. All rights reserved.

age-related decline as compared with longitudinal data, which is
in line with observations from the Seattle Longitudinal Study on
various intellectual abilities (e.g., Schaie, 1994, 1996), and with
more recent observations based on data from the Betula Prospective
Cohort Study on WAIS-R Block Design and episodic and semantic
memory (Rönnlund & Nilsson, 2006; Rönnlund, Nyberg, Bäckman,
& Nilsson, 2005).

Theoretically, Flynn effects have been regarded as one of the
major puzzles for science to disentangle (e.g., Neisser, 1998). In
particular, the presence of Flynn effects seems hard to reconcile
with the widely accepted notion that IQ-test performance is highly
heritable. Given that the time window during which Flynn effects
have been operative is small (perhaps 100 years) an explanation
involving genetic factors has been disregarded by most researchers
(but see Mingroni, 2001, 2007). Thus, an account of the Flynn effect
would have to resolve the paradox of how environmental factors
may raise test scores by a substantial margin in spite of the fact that
the cognitive measures on which the effects operate are associated
with high heritability estimates at a given historical time-point.

The model by Dickens and Flynn (2001, see also Flynn, 2007)
attempts to resolve the paradox by arguing that heritability esti-

mates are boosted by gene-environment matching and so-called
multiplier effects. For example, a child who demonstrates aptitude
for mathematics is likely to be encouraged by parents and teachers
to pursue his/her studies of the subject. By virtue of the feedback
and additional resources available, the child’s proficiency will likely

http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:michael.ronnlund@psy.umu.se
dx.doi.org/10.1016/j.neuropsychologia.2008.11.007
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ncrease. In turn, the successes that follow are likely to encour-
ge further interest. By virtue of this progressive gene-environment
atching, environmental factors may have a larger influence than is

uggested by heritability estimates (in which the proposed interac-
ive effects are credited to genetic factors alone). In particular, the
xistence of “social multipliers” whereby a similar positive feed-
ack loop generates a progressive increment in general skills in
ociety is important for understanding the Flynn effect.

What needs to be specified are what constellation of environ-
ental factors drive the Flynn effects. At this point a multitude of

uggestions have been put forward, including increased test sophis-
ication/altered response strategies (e.g. Brand, 1987), improved
utrition (Lynn, 1990), increased cognitive stimulation caused by
rbanization (e.g., Schooler, 1998), changes in family structure
owards smaller families and hence more provision of attention
nd materials for each child (Williams, 1998; cf. Zajonc, 2001), and
hanges in the educational system with more schooling for later-
orn cohorts as compared with those born earlier (e.g., Teasdale &
wen, 1987, 1989; cf. Ceci, 1991; Gustafsson, 2001). However, the
xtant evidence relies mainly on comparisons of similarities with
egard to the presence and magnitude of secular trends in cognitive
est performance and in the background factors, which is weak at
est, as it could either be reflective of unrelated factors (a rise of
he oil price of the same magnitude as that of success in the ability
o complete number series is insufficient as an indicator of a causal
elationship among the two variables), or be reflective of a third
nmeasured variable.

Another unresolved issue concerns the extent to which Flynn
ffect generalize across cognitive ability domains. As noted by
iscock (2007), the evidence is still biased towards measures of
lobal intellectual functioning (e.g., WAIS full-scale IQ or IQ based
n versions of Raven’s matrices), with less knowledge concerning
pecific cognitive abilities, or what is referred to as group fac-
ors in hierarchical models of intelligence (e.g. Carroll, 1993). As
oted by Rönnlund and Nilsson (2008), a lacuna of the knowledge
n secular trends in human cognitive functions concerns declara-
ive long-term memory. In particular, evidence on secular trends
n measures of encoding and retrieval of personally experienced
vents, or episodic memory (Tulving, 1972, 1983), has been lacking,
espite the high degree of relevance of episodic memory in regard
o cognitive theory, neuropsychology, and everyday functioning.

Utilizing data from the Betula prospective cohort study (Nilsson
t al., 1997, 2004), Rönnlund and Nilsson (2008) therefore exam-
ned time-lag differences in episodic and semantic memory across
dult age groups (35–80 years in a so-called time-sequential design
Schaie, 1965). The results revealed Flynn effects on semantic as
ell as episodic memory, with a numeric trend of larger gains

n the former factor, gains that were about as large as for Block
esign performance (Wechsler, 1981). With regard to these findings

t is warranted to point out that the relatively large gains observed
or semantic memory by Rönnlund and Nilsson deviate from the
rend of only minor gains in performance on measures assumed
o reflect crystallized ability (e.g. WAIS subtests, such as Informa-
ion) observed elsewhere (see Flynn, 1999, 2007). In addition, the
esults by Rönnlund and Nilsson indicated that several factors may
ave contributed to the gains, including improvements in nutrition,
istorical changes in family structure (towards smaller families),
nd, most important, increased formal schooling for later-born as
ompared with earlier-born cohorts. Rather than comparing mean-
evel patterns in the cognitive variables with that of markers of
he proposed underlying factors, the study used hierarchic regres-

ions involving data obtained at the individual level to determine
he extent to which the positive time-related variance in mem-
ry and cognition remained following control of the background
actors. Critically, the inclusion of the latter (body height, sibship
ize, and years of formal schooling) reduced the time-related vari-
chologia 47 (2009) 2174–2180 2175

ance almost entirely (>90%), suggesting that cumulative changes in
nutrition, family structure, and formal schooling are sufficient to
account for Flynn effects on episodic memory, semantic memory,
and on visuospatial test performance.

As demonstrated by Nyberg et al. (2003), the episodic and
semantic memory systems proposed by Tulving (1972, 1983) may
be further fractionated into sub-systems. This was demonstrated
in confirmatory factor analyses showing that a model dividing
episodic memory into recall and recognition and semantic mem-
ory into fluency and knowledge provided a better account of the
covariance structure than a unitary (“declarative”) model, and than
a two-factor (“episodic-semantic”) model. The finding that episodic
and semantic memory is further dividable into sub-factors is inter-
esting also from a neuroscientific point of view, given evidence that
recall and recognition (e.g., Cabeza et al., 1997) and fluency and
knowledge involve partly different areas of a the brain, a widely
held position being that fluency and recall are more dependent
on the integrity of frontal lobe and executive functions due to the
increased demands on self-initiated retrieval processes, as com-
pared with knowledge and recognition, respectively (e.g., Abrahams
et al., 2000; Moscovitch, 1992). From the viewpoint of a hypothesis
that Flynn effects on memory mainly reflect improved self-initiated
retrieval processes one might expect gains to be larger on episodic
recall and semantic fluency as compared with episodic recogni-
tion and semantic knowledge, respectively. If this held true the
finding by Rönnlund and Nilsson of relatively larger gains on
semantic memory as compared with gains reported by Flynn on
WAIS Vocabulary and Information (see Flynn, 1999, 2007) could
reflect the fact that the results were based on scores reflecting a
combination of vocabulary (recognition of synonyms; potentially
showing small gains) and fluency (potentially larger gains). Given
these possibilities, it was deemed to be of considerable interest
to examine the extent to which the Flynn effects demonstrated
by Rönnlund and Nilsson (2008) generalize across semantic and
episodic sub-factors. In addition we examined whether cohort-
related differences within the same set of predictors as in Rönnlund
and Nilsson (nutrition, family structure, and educational attain-
ment) provide a similar account of the time-related variance in the
memory sub-factors.

1. Method

The data emanated from the Betula study (Nilsson et al., 1997, 2004). The first
measurement occasion (Time 1) took place in 1988–1990. On this occasion a sample
of 1000 individuals, recruited by means of sampling from the population registry
in Umeå, a city in Northern Sweden with about 110,000 inhabitants, participated.
The sample was stratified with regard to age, with 100 individual in each of 10 age
groups (35, 40, 45, 50, 55, 60, 65, 70, 75, and 80 years at date of test). The data
collection required 2 years for completion. As a consequence, the 10 groups varied
with regard to birth year from 1908–1910 (80-year old) to 1953–1955 (35-year old).
A second, third, and fourth test occasion was undertaken 5 years (1993–1995), 10
years (1998–2000), and 15 years (2003–2005) following the first assessment. On
these occasions the participants in the original sample were reassessed.

New samples involving groups that matched the original sample with regard to
age (i.e., 35–80 years) were also included at Time 2, Time 3, and Time 4. Consequently,
for each age level, participants in the new samples differed systematically (i.e., 5, 15,
or 15 years, respectively) from those in the first sample with regard to birth year.
Table 1 provides a schematic presentation of the time-sequential design (Schaie,
1965) of the study, including age, times-of-measurement, and birth year for the
groups. As can be seen, the design involves a considerable range in terms of birth-
cohorts (1909–1969) despite the relatively short time span (15 years) during which
the data were collected.

The same means for selection (i.e., random) and the same exclusion criteria
were adopted as at the first test occasion (dementia diagnoses, mental retardation,
another native tongue than Swedish; see Nilsson et al., 1997, 2004 for further details).
For financial reasons, the sample size was cut to half at Time 3 and Time 4, such that

about 50 individuals per age cohort were assessed rather than 100, as was the case
at Time 1 and Time 2.

Table 2 provides a descriptive summary of the background measures serving as
potential predictors of the Flynn effects on the memory subfactors (body height,
sibsize, and years of formal schooling), as a function of time of measurement, age,
and sex.
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Table 1
Design of the study, including age, mean time of measurement, and birth cohort of
the included groups.

Age Time of measurement

Time 1 Time 2 Time 3 Time 4

35 1954 1959 1964 1969
40 1949 1954 1959 1964
45 1944 1949 1954 1959
50 1939 1944 1949 1954
55 1934 1939 1944 1949
60 1929 1934 1939 1944
65 1924 1929 1934 1939
70 1919 1924 1929 1934
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As is discernible from the marginal means in Table 2, there are time/cohort-
elated differences in the variables. More specifically, with time there is an increment
n body height over age cohorts, smaller sibship sizes, and of increased educational
ttainment (ps < .001; in terms of population-standard deviation units the effects
ange from about 0.6 for body height to 1.5 for schooling from the 1909 to the 1969
ohorts, see Rönnlund & Nilsson, 2008). Thus, each of the variables under consider-
tion is a candidate factor for explaining Flynn effect in the sense that each of them
as subject to considerable changes over the time/cohort window targeted in the
resent study.

.1. Memory measures and data reduction

The memory tests were 10 tests that had been administrated in exactly the same
ashion across the four measurement occasions. Six tests were assumed to reflect
pisodic memory. Out of these, three were tests of recall (free recall of 16 motorically
nacted verb–noun commands, free recall of 16 verb–noun sentences encoded ver-
ally, and category-cued recall of nouns from non-enacted sentences). Another three
easures were recognition measures. The latter set included free-choice recognition

f nouns (hits-false alarms), free-choice recognition of faces (hits-false alarms), and
orced-choice recognition of family names (hits) presented together with the faces
t study. The semantic tests were a test of vocabulary as a single indicator of knowl-
dge and three measures of word fluency, including tests wherein the task was to
enerate as many words as possible with (a) initial letter A, (b) initial M contain-
ng five letters, and (c) professions with initial letter B, respectively, in one minute
for a more detailed descriptions of the materials and procedure, see Nilsson et al.,
997).

The data were analyzed by means of confirmatory factor analyses using AMOS 7.0
Arbuckle, 2007). The hypothesized model involved episodic and semantic memory
s second-order factors. Recognition and recall were assumed to be sub-factors of
pisodic memory (i.e. first-order factors). Fluency was assumed to be reflected by
he three word fluency measures and the vocabulary measures was in this model
ypothesized to load on the semantic factor. The fit of this model was appropriate as
udged from several fit indices (e.g., RMSEA, CFI, standardized RMR, see Rönnlund &
ilsson, 2006). In the next step, factor scores for the first-order episodic factors and

or fluency were computed based on the factor-score regression weights provided as
art of the factor analysis in AMOS. These scores were next transformed to z scores
ased on means and standard deviations of the entire Sample 1 at Time 1 in order
o facilitate subsequent comparisons of Flynn effects for the separate ability factors.
n the case of knowledge, the vocabulary scores were subjected to the same type of
ransformation again with S1T1 as the basis for anchoring the z scores.

. Results

.1. Time/cohort-related patterns

To appreciate the extent to which the cohort markers predicted
he time-lag effects in cognitive performances, simple and hierar-
hic regression analyses were performed. In the simple analyses

est year was regressed on each of the measures (following age and
ender). Thus, the unstandardized regression coefficients indicate
he annual gain on the memory factors in terms of z-score units.
hese were .010, .010, .015, and .013 for recall, recognition, fluency,
nd knowledge, respectively (all ps < .001). Thus, the results signal
he presence of significant Flynn effects on each of the sub-factors
f episodic and semantic memory. Ta
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ig. 1. Estimated cohort gradients for the episodic (recall and recognition) and
emantic sub-factors (fluency and knowledge).

As judged from the �-weights, the slopes of the time-related
ncrement are highly similar across the memory sub-factors. In
rder to get a more fine-grained picture of the course of these
lynn effects over the full range of the included birth cohorts,
he available contrasts given in Table 2 were utilized to compute
ohort differences and to estimate the progressive changes in mean-
evel memory performance from 1909 to 1969. This was done in
ccord with the formula Cdi =

∑1
j (Mij+1 − Mij))/a, where Mij is

he unweighted mean for Cohort i at age j, and a is the number
f observations available for each cohort; Schaie (1965). Cumula-
ive summation of the obtained estimates across birth cohorts (i.e.,
2–C1, C3–C2, . . ., C13–C12, where C1 = 1909 cohort and C13 = 1969
ohort) yields the cohort gradients depicted in Fig. 1.

As can be seen, the data in Fig. 1 confirms the impression of an
pward drift in performance from the earliest-born (1909 cohort)
o the birth cohort born in 1969 and a largely parallel improvement
ithin components of second-order factors. The general pattern is

f a gradual increment in performance across the memory factors,
ven though there is a tendency of levelling off in the improvements
or cohorts born around 1950 and onwards. In the case of knowl-
dge/vocabulary, there is even a numeric trend of slightly lower
evels of performance across the subsequent birth cohorts.

As an alternative means to present these data, Fig. 2 depicts
ives the mean-level performance across measurement occasions.
part from (presumably) random fluctuations in performance over

ime/samples, the scaling of the gains in terms of time (rather than
irth cohort) seem to indicate a trend of accelerating gain for the
pisodic sub-factors (relatively larger gains from T3 to T4, overall,

s compared with differences between other measurement occa-
ions). For knowledge/vocabulary a reversed trend is discernible,
hich mainly seems to reflect minor negative differences between

he five youngest age groups assessed at Time 4 and those assessed

able 3
ummary of hierarchic regression analyses of episodic sub-factors (recall and recognition

lock/variable Recall

ˇ �R2 Total R2

. Age −.363*

Sex −.189* .377* .377
. Body height .064 .008* .384
. Sibship size −.046* .009* .393
. Education (years) .374* .091* .484
. Test year −.009 .001 .485

SOS = percentage shared over simple effects.
* p <0.01.
Fig. 2. Mean-level performance (z scores) across measurement occasions (test year)
for the episodic (recall and recognition) and semantic sub-factors (fluency and
knowledge).

at Time 3 (rightmost column) much in line with the pattern in Fig. 1
of a trend of stagnation, or even a minor loss, for the most recent
cohorts on vocabulary.

2.2. Predictors of the Flynn effects

Having established the presence of Flynn effects on each of the
studied memory factors the important issue of what caused the
rising test scores remains. In order to address this issue, and, in
particular, to determine whether the same or a different set of vari-
ables underlie the gains at the level of the different memory factors,
regression analyses of the time-related differences in memory were
conducted. In these analyses, the factor scores for each of the mem-
ory factors was the criterion and three theoretically relevant cohort
markers were the predictors. The predictors were entered in four
steps (blocks). The order of entry following the demographic pre-
dictors (age, sex; entered as a separate first block) was (1) body
height, (2) sibsize, and (3) years of formal education. The order of
entry was motivated by the hypothesized developmental sequence
according to which the underlying constructs may be assumed to
exert their influence. Specifically, nutritional changes (reflected by
body height), were assumed to exert the earliest influence, whereas
the influence with regard to education was assumed to emerge last
ontogentically. In the final step, test year was entered to determine
whether this variable still accounted for variance in performance
beyond the influence from the foregoing set of variables.
The results are summarized in Table 3 (recall and recognition)
and Table 4 (fluency and knowledge). The tables include the stan-
dardized regression weight for each of the included predictors,
the increment in R2 for each step and the total R2 (

∑
R2) for the

).

Recognition

% SOS ˇ �R2 Total R2 % SOS

−.356*

−.192* .373* .373
22.3 .059* .007* .380 21.5
54.8 −.047* .009* .389 54.1
99.9 .379* .094* .483 99.9

−.002 .000 .483
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Table 4
Summary of hierarchic regression analyses of semantic sub-factors (fluency and knowledge).

Block/variable Fluency Knowledge

ˇ �R2 Total R2 % SOS ˇ �R2 Total R2 % SOS

1. Age −.155* .004
Sex −.193* .221* .221 −.106* .097 .097

2. Body height .091* .014* .235 18.7 .066* .011 .108 21.5
3
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. Sibship size −.056* .014* .249

. Education (years) .470* .146* .395

. Test year .007 .000 .395

odels. The amount of reduction of the time-related variance (%
OS, for shared over simple effect; Lindenberger & Pötter, 1998),
as computed by entry of test year following each step in sepa-

ate analyses and the values are presented in the last column of
ables 2 and 3.

With regard to each of the memory factors, the results show
hat the predictors share variance with the memory factors and
hat they, together, remove almost entirely the variance in memory
ccounted for by test year. Out of the predictors, formal schooling
s assigned the largest ˇ-value and is also the single predictor that
ccounts for most of the time-related variance (e.g., as judged by
he % SOS) even though it was entered last among the background
ariables.

. Discussion

The objectives of the study were to examine whether (1) Flynn
ffects generalize across sub-factors of episodic (recognition and
ecall) and semantic memory (knowledge and fluency) and (2) the
ame or different cohort factors account for the time-related gains
n these memory factors.

With regard to the first issue, the results indicate that Flynn
ffects are highly general. More specifically, the gains were highly
imilar in magnitude for recall and recognition, and comparable
n regard to magnitude for semantic knowledge and fluency. As
uch, the findings are in line with the major pattern emergent from
rior studies in the sense that secular gains in cognition have been
bserved across a number of other cognitive domains (e.g. fluid
easoning and spatial ability). At this point, it is warranted to draw
ttention to the fact that over domains of cognitive abilities excep-
ions to this general pattern exist. For example, Schaie (1994, 1996)
ound a trend for numerical ability suggestive of no improvement
ver cohorts and even a declining trend for cohorts born after 1950.
ne potential reason for the strong Flynn effects on many ability

actors, yet smaller effects on others, is that the Flynn effect exerts
ts influence via the growth of neural substrates underlying psy-
hometric g, such that factors strongly related to g are subjected to
arger changes and those depending less on g are associated with
maller secular gains.1 This issue merits further attention and the
xtant evidence based on the so-called method of correlated vectors
s inconclusive, with some studies indicating that the Flynn effect
s mainly on the g factor (Colom, Juan-Espinosa, & Garcia, 2001)

hereas others (e.g., Rushton, 1998) favor the view that the effects
xert their influence via gains on more specific abilities and skills.

ithin the domain of memory functioning it further remains to be

emonstrated whether the Flynn effects are restricted to declara-
ive memory or whether they are detectable also on other memory
ystems.

1 Certainly, additional factors than the g-loading of a particular measure, such as a
ualitative shift in educational practice, could moderate the gains on specific factors.
s noted by a reviewer, the example of lack of gains in numerical ability could for
xample reflect the introduction of the slide rule and the calculator.
47.6 −.078* .019 .126 26.4
98.5 .487* .155 .281 99.3

−.011 .000 .281

With regard to the issue of what factors stand out as plausible
predecessors of the Flynn effects, the present results indicate that
improvements in nutrition, a reduction in family size, and increased
formal schooling with historical time are factors which may all have
contributed to the Flynn effects observed. Of particular interest at
this point is that these variables accounted for virtually all of the
time-related variance in performance across the memory factors
(cf. also visuospatial ability, Rönnlund & Nilsson, 2008). As such,
the present findings suggest that the Flynn effects primarily reflect
the influence of cohort factors operative relatively early in devel-
opment, unlike models (e.g., Dickens & Flynn, 2001) that appear to
assume that the environmental effects are time (or period-) related
(i.e. occur regardless of age or birth cohort), even though the use
of time-lag comparisons are inherently ambiguous with regard to
time and cohort effects and we acknowledge the possibility that
time-related factors may have a role in explaining some of the sec-
ular gains in cognitive test performance. In any case the finding
that environmental factors account for the time-related variations
in performance seem to disfavor an alternative explanation of Flynn
effects involving hybrid vigor as a main determinant (Mingroni,
2007).

Whereas the present study indicates that Flynn effects likely
reflect changes in multiple factors, formal schooling stands out as a
main factor. At this point it is warranted to draw attention to the fact
that, both with regard to the magnitude of cognitive gains across
the present set of measures and with regard to the relative influ-
ence of cohort-related variables the present findings are applicable
to Sweden, and need not generalize across national and histori-
cal contexts. The present indication that our prior observation of
substantial gains in semantic memory (Rönnlund & Nilsson, 2008)
were not driven by inclusion of fluency measures but generalize to
generalize to vocabulary, unlike the US data by Flynn (e.g., 2007;
but see Uttl & van Alstine, 2003) could, for example, partly reflect
variations with regard to national context.

Nevertheless, the finding that formal schooling is an important
factor behind the Flynn effects, is much in line with indications
elsewhere that effects of formal schooling are not restricted to
measures of general knowledge and the like (reflecting crystallized
intelligence) but exert a more widespread influence on cognitive
performance (Ceci, 1991). As concerns specific mechanisms by
which formal education could serve to enhance cognitive perfor-
mance, behavioral as well as neuropsychological hypotheses have
been put forward. At the behavioral level, it has been argued that
differences over time in style of responding, toward more guessing
and faster/more complete responding, is a key factor (Brand, 1987;
Brand, Freshwater, & Dockrell, 1989), a factor that would likely be
driven by educational practices. However, this factor would mainly
be applicable to Flynn effects on episodic recognition (rather than
recall) measures. Important to note at this point is that two of the

recognition measures used at present (faces and objects) were cor-
rected for guessing (false alarms) and that recognition of names was
tested with a forced-choice procedure. Thus, a differential style of
responding is not a likely explanation of the Flynn effects observed
at present. In fact the finding of gains that generalize across recall
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nd recognition rather point to encoding factors as being impor-
ant to consider. A possibility here is that increased knowledge (as
eflected by the present gains over cohort on a measure of vocabu-
ary) served to increase the general level of item-specific semantic
ncoding processes (e.g., verbal elaboration) over time/generations.
rom this viewpoint, the Flynn effects on episodic memory could be
egarded to come partly as the results of more efficient semantic
emory processes. Progression towards abstract reasoning with

igher levels of educational attainment, possibly magnified by a
hift in educational practice and thinking in general in the same
irection (cf. Flynn, 2007; Schaie, Willis, & Pennak, 2005), may be a
eason of similar gains in non-verbal test performance, such as on
ests of non-verbal reasoning or, as demonstrated by Rönnlund and
ilsson (2008), in visuospatial performance.

At the neural level, there are findings suggesting that higher
evels of education may increase reserve capacity and alter
rain activity in memory tasks in a persistent fashion (Springer,
cIntosh, Winocur, & Grady, 2005), including increased activity in

rontal and/or temporal brain areas, activities that possibly signal
nhanced item-specific encoding, much in line with the possibil-
ty that encoding factors are central behind the memory gains. A

ore general neurodevelopmental-schooling hypothesis has been
roposed by Blair et al. (2005) in relation to the Flynn effect. Accord-

ng to this hypothesis, the increasing cognitive demands required
n school due to the dramatic educational changes occurring dur-
ng the 2000th century should have improved fluid cognition
nd the prefrontal cortex. Although empirical support for this
ypothesis is still sparse, it should be mentioned that a few
tudies (e.g., Klingberg, Forssberg, & Westerberg, 2002) on fluid
kill/working memory training have provided results in line with
his hypothesis. Increased working memory capacity, performance
n Raven’s matrices and increased prefrontal and parietal activ-
ty was demonstrated after this type of training (see Klingberg,
006; Olesen, Westerberg, & Klingberg, 2004; Rueda, Rothbart,
cCandliss, Saccomanno, & Posner, 2005). More generally, cogni-

ive stimulation offered by schooling and other factors, like more
xposure to adult language in children, which may underlie the
resent finding of a relation between sibship size and Flynn effects

ikely promote the development of the neural substrates underlying
ognitive abilities (cf. Garlick, 2002). The increased cognitive stim-
lation offered by prolonged schooling and other factors together
ith improved nutrition over cohorts (cf. Lynn, 1990; Martorell,

998), in line with the present findings, seem to provide a full
ccount of a growth of the underlying neural substrates underlying
he Flynn effects (for evidence of larger brain sizes over cohorts, see
torfer, 1999).

More precise knowledge concerning the manifestation of Flynn
ffects on various cognitive measures at the neural level are cur-
ently lacking. An important issue for future research to address is
he extent to which the Flynn effects observed across various types
f cognitive ability measures are driven by increased neural effi-
iency within specific subsystems and the extent to which these
ains reflect improvements in one or a few central capacities (e.g.,
, executive functions) that are important across measures. The
pplication of a sequential research design as used in the present
tudy gathering data both at the behavioral and neural levels (e.g.,
y use of fMRI) for independent age-matched samples assessed on
t least two different time points would seem necessary to provide
efinitive evidence in this regard.

In conclusion, time-sequential analyses of Swedish data from
he Betula study extend the pattern of substantial time-related

ains on episodic and semantic memory by demonstrating that
hey generalize across sub-factors of episodic as well as semantic

emory. Finally, the results demonstrated that changes in multiple
nvironmental factors, including education, family structure and
utrition likely underlie these Flynn effects.
chologia 47 (2009) 2174–2180 2179
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