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The Flynn Effect: 

Rethinking intelligence and what affects it
[Changes since sent in: Lynn/VanC & typo p. 44 end 2nd para 'mentally']

James R. Flynn

We now have data for 25 nations and every one of them show IQ gains over time with a majority showing massive gains.  Until recently at least, each generation outscored the previous one on mental tests.  For example, in The Netherlands, the 18-year olds of 1982 scored 20 IQ points higher than the 18-year olds of 1952 -- essentially sons outscoring their fathers when their fathers were young.  This is a huge gain.  It amounts to 1.33 Standard Deviations (SDs) and puts the average son at the 90th percentile of his father's generation.  The trend toward IQ gains bears my name (the 'Flynn effect'), not because I was the first to notice it but because I documented it as an international phenomenon and thereby focused attention on it.

There are data from the most advanced nations of continental Europe, that is, The Netherlands, Belgium, France, Spain, Norway, Sweden, Denmark, Estonia, the former East and West Germanys, Austria, and Switzerland.  From virtually all English-speaking nations, that is, Britain including Scotland, Northern Ireland, Canada, the United States, Australia, and New Zealand.  From three nations outside Europe but predominantly of European culture, namely, Israel, Argentina, and Brazil.  From two Asian nations that have adopted European technology, namely, Japan and urban China.  Finally, there is data from one of the developing nations of Africa, namely, rural Kenya (Angelini et al., circa 1988; Colom, Andres-Pueyo, & Juan-Espinosa, 1998; Colom & Garcia-Lopez, 2003; Daley, et al., 2003; Emanuelsson, Reuterberg, & Svensson, 1993; Flieller, Saintigny, & Schaeffer, 1986; Flynn, 1987; Flynn, 1990; Flynn, 1998b; Flynn & Rossi-Casé, under review; Lynn, 1990; Must, Must, & Raudik (2003); Raven & Court, 1989, p. RS4.8; Raven, Raven, & Court, 1993, Graphs G2 & G6; Raven, Raven, & Court, 1994, Table MHV3; Sundet, Barlaug, & Torjussen, in press; Teasdale & Owen, 1989; Teasdale & Owen, 2000).

The first pattern we perceive is a correspondence between IQ gains and industrialization.  Rural Kenya is only an apparent exception in that it is an area into which the modern world has begun to intrude (schools, parents hoping their children will rise in social status, better health care).  British data show that IQ gains began no later than the last decade of the 19th century at a time when, paradoxically, IQ tests did not exist.  The time between the advent of industrialization and the beginning of IQ gains is probably short and the two may well coincide (Daley, et al., 2003; Flynn, 1994; Raven, Raven & Court, 1993, Graphs G2 & G6).

Recent IQ gains, those covering the last 55 years, are largest on tests that are supposed to be the purest measures of intelligence.  The best example is Raven’s Progressive Matrices in which you identify the missing parts of patterns.  This test is called 'culture reduced'.  This means that it contains little peculiar to a particular culture:  its patterns are presumed to be easily assimilated by people ranging from Kalihari Bushmen to Polar Eskimos.   It tests for fluid intelligence, that is,  it measures the mind’s ability to solve problems on the spot for which there is no previously learned method.  Most IQ tests have content that is culture specific, for example, the Wechsler IQ tests, the most widely used, include subtests like vocabulary, general information, and arithmetic.  And they test for crystallized intelligence, that is, they measure the degree to which people have learned the sort of things emphasized in modern industrial societies.  The assumption is that in a society in which everyone receives formal schooling, those with the most acute minds will pick up larger vocabularies, a wider range of information, and show more aptitude for arithmetical reasoning.

The very best data come from military testing of comprehensive and nation-wide samples of young adults, or similar samples (comprehensive or random) of schoolchildren.  The military often use tests based on Raven's and data from matrices tests are valid beyond any reasonable doubt for The Netherlands, Belgium, Israel, and Norway.  Data from a variety of tests used in Denmark and Sweden are very nearly as strong.  The next best data come from excellent local samples or nation-wide stratified samples of the quality used to set norms of the Wechsler IQ tests.  In this category, we have excellent Raven's data for Argentina and Wechsler data for the United States; good data for a variety of tests in New Zealand, Canada, Australia, and Spain.

The next pattern has to do with the kind of test.  Matrices tests like Raven's show huge rates of gain amounting to about 18 points per generation (30 years) in Argentina through 1998, in Israel through 1884, in The Netherlands through 1982, and in Belgium through 1967.  There is no data after those dates in those nations.  That means that, except for Argentina, we must draw a question mark over the last 20 years or so.  As we shall see, IQ gains are not an eternal phenomenon like the rotation of the planets.  Rather they have causes and those causes can exhaust themselves and IQ gains cease.  Norway is a good case in point.  Before 1968, there were huge matrices gains but recent data show these falling away to nothing.  On the other hand, Wechsler gains in the US show no sign of diminishing (Flynn, 1987; Flynn, 1998c; Flynn & Rossi-Casé, under review; Flynn & Weiss, under review; Sundet, Barlaug, & Torjussen, in press).

Every pattern has to allow for national differences.  Except for Norway before 1968, Scandinavian gains seems much more modest than most.  And like Norway, IQ gains in Sweden may have ceased.  It should be noted that we have no early data from these nations.  I suspect that Denmark and Sweden also enjoyed an era of large gains that we have missed.  It is plausible that these progressive nations began to gain earlier than most.  It is also plausible that they foreshadow the future and that IQ gains will cease in all highly industrialized nations,  We will have to wait and see (Emanuelsson, Reuterberg, & Svensson, 1993; Sundet, Barlaug, & Torjussen, in press; Teasdale & Owen, 1989; Teasdale & Owen, 2000).

Returning to the present, Wechsler tests are divided into five Performance subtests that are closer to on-the-spot problem solving (or fluid intelligence), and five verbal subtests that (with one exception) test for the kind of vocabulary, information, etc., that intelligent people tend to pick up (crystallized intelligence).  Therefore, it is no surprise that Performance gains can be as large as the Raven's gains of 18 IQ points per generations.  They rarely fall below 9 points.  However, there are several reasons for caution.  First, it is the weaker data that tend to give the larger gains.  Second, the gains of white American children are the best evidenced and they are at the lower end, running at 11 or 12 points per generation all the way from 1948 to the present.  Third, unlike Raven's, we do not have much adult data. Although what we have from the US, The Netherlands, and Japan suggests that adults are close to the US children's rate.  (Flynn, 1987, pp. 185-186; Flynn, 1998c; Flynn, 2000; Flynn & Weiss, under review; Hattori, 1991; Wechsler, 2000).

Verbal IQ gains vary widely but in the 11 nations that allow a comparison with other kinds of tests, there is not one in which verbal gains match the gains on Raven’s-type, or Performance, or nonverbal tests.  Often the ratios run against verbal gains by two or three or four to one.  For example, British adults of all ages gained 27 points over 50 years on Raven’s, but gained only 6 points over 45 years on the Mill Hill Vocabulary Scale.  Vocabulary gains show considerable variation.  They are significant in West Germany and Vienna, but are lower in English-speaking countries, particularly in Northern Ireland and Scotland where they are nil.  Some verbal tests are very close to academic achievement tests that measure trends for school-taught subjects.  At least in the US, gains on such tests are modest or nil.  (Flynn, 1984b, p. 46;  Flynn, 1987, pp. 185-186; Flynn, 2000, pp. 204-205;  Lynn, 1990, p. 139; Raven, Raven, & Court, 1993, Graphs G2 & G6; Raven, Raven, & Court, 1994, Table MHV3).

The identical twin paradox

There are many TV documentaries about identical twins who, despite being separated at birth, have had amazingly similar life experiences and grow up to have similar IQs.  These studies are interpreted as showing that genetic influences on IQ are potent and environmental influences feeble.  Studies of identical twins raised apart are only one component of a wide variety of kinship studies.  There have been comparisons of identical and fraternal twins each brought up by their own parents, comparisons of adopted children with natural children, and so forth.  Most psychologists agree in the interpretation of these studies.  For example, Jensen (1998) concludes that while environment may have some potency at earlier ages, IQ differences between adults are overwhelmingly determined by genetic differences.

And yet, how is this possible?  As we have seen, there are massive IQ differences between one generation and another.  No one has been selectively breeding human beings for high IQ, so it looks as if genetic differences between the generations would be trivial (we will evidence that assumption a few pages hence).  If that is so, environmental factors must cause IQ gains over time and given the size of those gains, those environmental factors must have enormous potency.  How can solid evidence show both that environment is feeble (kinship studies) and potent (IQ gains) at the same time?

Jensen and Factor X

Jensen (1973a, 1973b) made the paradox all the more acute by using a mathematical model.  He plugged in two pieces of data: a 15-point IQ difference between two groups;  and a low estimate of the influence of environment on IQ (a correlation between environment and IQ of about 0.33).  These implied that for environment to explain the IQ gap between those groups, the environmental gap between them would have to be immense.  One group would have to have an average environment so bad as to be worse than 99% of the environments among the other group.  As we have seen, the Dutch males of 1982 were 20 IQ points above the previous generation.  According to Jensen's mathematics, the average environment of the previous generation would have to be worse than 99.99% of the 1982 environments.  No one could believe such a thing.

Lewontin (1976a, 1976b), a geneticist at Harvard, tried to solve the paradox.  He distinguished the role of genes within groups from the role of genes between groups.  He imagined a sack of seed corn with plenty of genetic variation which is randomly divided into two batches, each of which will therefore be equal for overall genetic quality.  Batch A is grown in a uniform and optimal environment, so within that group all height differences at maturity are due to genetic variation;  batch B is grown in a uniform environment which lacks enough nitrates, so within that group all height differences are also genetic.  However, the difference in average height between the two groups will, of course, be due entirely to the unequal quality of their two environments.

So now we seemed to have a solution.  The present generation has some potent environmental advantage absent from the last generation that explains its higher average IQ.  Let us call it Factor X.  Factor X will simply not register in twin studies.  After all, the two members of a twin pair are by definition of the same generation.  Since Factor X was completely uniform within the last generation, since absolutely no one enjoyed it, it can hardly explain any IQ differences within the last generation.  It will not dilute the dominance of genes.  Since Factor X is completely uniform within the present generation, everyone benefits from it to the same degree, it cannot explain IQ differences within the present generation.  Once again, the dominance of genes will be unchallenged.  Therefore, twin studies could show that genes explain 100% of IQ differences within generations and yet, environment might explain 100% of the average IQ difference between generations.

However, Lewontin offers us a poisoned apple.  History has not experimented with the last two generation as we might experiment with plants in a laboratory.  Consider the kind of factors that might explain massive IQ gains, such as better nutrition, more education, more liberal parenting.   It is quite unreal to imagine any of these affecting two generations with uniformity.  Certainly, everyone was not badly nourished in the last generation, everyone well nourished at present; everyone without secondary school in the last generation, everyone a graduate at present; everyone raised traditionally in the last generation, everyone raised liberally at present.  If the only solution to our paradox is to posit a Factor X or a collection of such, it seems even more baffling than before.  We should shut this particular door as follows:  A solution is plausible only if it does not posit a Factor X.

The Dickens/Flynn model
Three years ago, William Dickens of the Brookings Institution, decided to do some modeling of his own and asked my help in applying it to real-world situations (Dickens & Flynn, 2001a; 2001b).  We believe that it solves the twins vs. IQ gains paradox without positing a Factor X.  It makes an assumption that may seem commonplace but which has profound implications, namely:  That those who have an advantage for a particular trait will become matched with superior environments for that trait.

Recall studies of identical twins separated at birth and reared by different families.  When they grow up, they are very similar and this is supposed to be due solely to the fact that they have identical genes.  But for that to be true, they must not be atypically similar in environment, indeed, the assumption is that they have no more environment in common than randomly selected individuals.  To show how unlikely this is, let us look at the life history of a pair of identical twins.  John and Joe are separated at birth.  Both live in an area (a place like the state of Indiana) that is basketball-mad.  Their identical genes make them both taller and quicker than average to the same degree.  John goes to school in one city, plays basketball a bit better on the playground, enjoys it more, practices more than most, catches the eye of the grade-school coach, plays on a team, goes on to play in high school where he gets really professional coaching.  Joe goes to school in a city a hundred miles away.  However, precisely because his genes are identical to Joe's, precisely because his is taller and quicker than average to exactly the same degree, he is likely to have a very similar life history.  After all, this is an area in which no talent for basketball is likely to go unnoticed.

On the other hand, Mark and Allen have identical genes that make them both a bit shorter and stodgier than average.  They too are separated and go to different schools.  However, they too have similar basketball life histories except in their case, both play very little, develop few skills, and become mainly spectators.

In other words, genetic advantages that may have been quite modest at birth have a huge effect on eventual basketball skills by getting matched with better environments -- and genes thereby get credit for the potency of powerful environmental factors, such as more practice, team play, professional coaching.  It is not difficult to apply the analogy to IQ.  One child is born with a slightly better brain than another.  Which of them will tend to like school, be encouraged, start haunting the library, get into top stream classes, attend university?  And if that child has a separated identical twin that has much the same academic history, what will account for their similar adult IQs?  Not identical genes alone -- the ability of those identical genes to co-opt environments of similar quality will be the missing piece of the puzzle.

Note that genes have profited from seizing control of a powerful instrument that multiplies causal potency, namely, feedback loops that operate between performance and its environment.  A gene-caused performance advantage causes a more-homework-done environment, the latter magnifies the academic performance advantage, which upgrades the environment further by entry into a top stream, which magnifies the performance advantage once again, which gets access to a good-university environment.  Since these feedback loops so much influence the fate of individuals competing with one another throughout their life-histories, the Dickens/Flynn model calls them 'individual multipliers'.

Understanding how genes gain dominance over environment in kinship studies provides the key to how environment emerges with huge potency between generations.  There must be persistent environmental factors that bridge the generations; and those factors must seize control of a powerful instrument that multiplies their causal potency.

The social multiplier
The industrial revolution has persisted for 200 years and it affects every aspect of our lives.  For example, look at what the industrial revolution did to basketball by the invention of TV.  It gave basketball a mass audience, it increased the pay a professional player could expect.  Basketball also had the advantage that ghetto blacks without access to playing fields could play it on a small concrete court.  Wider and keener participation raised the general skill level, you had to shoot more and more accurately to excel.  That higher average performance fed back into play:  Those who learned to shoot with either hand became the best -- and then they became the norm -- which meant you had to be able to pass with either hand to excel -- and then that became the norm -- and so forth.  Every escalation of the average population performance raised individual performance, which escalated the average performance further, and you get a huge escalation of basketball skills in a single generation.

The advent of TV set into motion a new set of feedback loops that revolutionized the game.  To distinguish these society-driven feedback loops from those gene-driven feedback loops that favor one individual over another, Dickens and Flynn call them 'the social multiplier'.  Its essence is that rising average performance becomes a potent causal factor in its own right.  The concept applies equally well to IQ gains over time.

The industrial revolution has done more than inspire the invention of TV.  It demands and rewards additional years of education.  When a grade-school education became the norm, everyone with middle-class aspirations wanted a high-school diploma.  When their efforts made a high-school diploma the norm, everyone began to want a B. A.  Economic progress creates new expectations about parents stimulating children, highly paid professional jobs in which we are expected to think for ourselves, more cognitively demanding leisure activities.  No one wants to seem deficient as a parent, unsuited for promotion, boring as a companion.  Everyone runs to keep up, pushing the average higher, so they run faster still, which pushes the average higher still.  You get a huge escalation of cognitive skills in a single generation.

So now, everything is clear.  Within a generation, where individuals compete with one another, genetic differences drive feedback processes -- genes use individual mutipliers to determine and magnify IQ differences between individuals.  Between generations, environmental trends drive feedback processes -- environment uses social multipliers to raise the average IQ over time.  Twin studies, despite their evidence for feeble environmental factors, and IQ trends over time, despite their revelation of potent environmental factors, present no paradox.  What dominates depends on what seizes control of powerful multipliers.  Without the concept of multipliers, all is confusion.  There is nothing more certain than this.  If twin studies of basketball were done, they would show the separated twins growing up with very similar skills.  And Jensen's mathematics would 'show' that environment was far too weak to cause massive gains in basketball performance over time.  Which is to say we would demonstrate the impossibility of what we know to be true.

Best of all, our solution posits no Factor X.  Nothing said assumes that social changes from one time to another were uniform in their impact on individuals.  Better education, better parent-child relationships, better work, better leisure, all may raise the quality of the range of environments available from one generation to another.  But the magnitude of the differences between quality of environments from best to worse can remain the same.  And when individuals compete with one another, genetic differences can continue to match people with better or worse environments to the same degree they always did.  Even though slam dunks and passing behind the back become common, being tall and quick will still co-opt a better basketball environment.  Even though people in general get better at solving intellectually demanding problems, being born with a bit better brain will still co-opt a better than average school environment.  In a word, the operation of social multipliers over time does not abolish the operation of individual mutipliers in the life-histories of individuals.

The causes of IQ gains over time 

Encouraged by the knowledge that an explanation of massive IQ gain over time is possible, I will sketch a scenario that covers the facts.  That does not mean the scenario is true, of course, but it is at least plausible.  I will focus on American trends because they are the best documented and divide them into IQ gains before 1948 and after 1948.

1900 to 1948:  Soldiers and schooling

Before looking for environmental causes of IQ gains, there is the possibility of a genetic cause to be dismissed.  No one believes that humanity is breeding better genes for IQ.  In America, those with more education have had fewer offspring than those with less education throughout either most or all of the 20th century.  The current data suggest that reproductive patterns, perhaps reinforced by immigration, have cost America about one IQ point per generation (Herrnstein & Murray, 1994, cha. 15; Lynn & Van Court, 2004).  Lynn (1996) argues that most other nations are similar.

Breeding with close relatives matches unfavorable recessive genes and depresses IQ.  Therefore, a shift from inbreeding to outbreeding would raise IQ, an effect called hybrid vigor (Mingroni, 2004).  If American history was a story of little isolated communities being replaced by a highly mobile society, that might help explain the massive IQ gains America has made throughout the 20th century.  However, Americans never did live in small inbred groups.  There was always a huge influx of migrants who settled in both urban and rural areas.  There were huge population shifts during settlement of the West, after the Civil War, and during the World Wars.  The growth of mobility has been modest:  In 1870, 23 per cent of Americans were living in a state other than the one of their birth; in 1970, the figure was 32 percent (Mosler & Catley, 1998).  Taking that trend as a rough measure of increased outbreeding, gives less than 3 percent of the population per generation.  As for the beneficial effects of outbreeding, 3 IQ points is the advantage of not breeding with one's cousins (Bouchard, 1998; Jensen, 1983).

Therefore, less than one-tenth of an the IQ-point per generation would be the gain explained by increased outbreeding.  Even if we were to multiply that estimate by 10, we would get less than a point, which is to say that the gain from hybrid vigor would just cancel out the loss from reproductive patterns.  We can safely conclude that in the US, at least, environmental factors are responsible for IQ gains.

This brings us back to the mighty engine of the industrial revolution.  It created a new middle class in America no later than 1900.  The advent of the assembly line and mass production created the need for a better educated urban working class.  People became fully aware of the possibilities of upward social mobility and saw schooling as the way forward for their children.  The emancipation of women, and the first hints of the instability of marriage, placed a higher premium on the education of females.

In 1900, it was not at all uncommon for children to enter the labor force anywhere from the ages of 11 to 14, after no more than six years of schooling.  Herrnstein and Murray (1994, p. 144) use the graduation ratio, that is, the number of high school graduates divided by the number of Americans aged 17, to trace the trend towards more schooling during the 20th century.  It rose from a mere 6 percent in 1900, to 55 percent in 1950, attaining a peak of about 75 percent by the early 1960s which has remained relatively stable ever since.

I believe that the growth in years of schooling was the primary cause of IQ gains in America from 1900 to 1948.  Tuddenham (1948) compared the 1917-18 draft with a representative sample of the 1943 draft on the Army Alpha, a verbal intelligence test.  The results show a gain of .80 SDs or 12 IQ points.  Flynn (1984b, p. 33; Flynn, 1993; Flynn, 1998a, pp. 35-37) checked this result against Stanford-Binet and Wechsler data and found that gains between 1918 and 1948 amounted to at least 12 points.  Storfer (1990, pp. 89-94) analyzed Stanford-Binet data and longitudinal studies and concluded that substantial gains began in America as far back as the 1890s.  As to the causes of the inter-war IQ gains, Tuddenham notes that the average number of years of schooling had risen from 8 to 10 years.  He weighted the 1917-18 sample to match the 1943 sample for years of schooling and found that this eliminated half of the gain.

There is reason to believe that Tuddenham's weighting method underestimates the influence of changes in education over time.  Tuddenham is aware of this although he does not use the language of social multipliers.  Just to hint at these, when society lifts the population mean for school-relevant cognitive skills, each student is surrounded by fellow students who are more competent, better students make better teachers for the next generation of students, parents become more serious about schooling and homework, the lengths of the school day and school year tend to increase.  Only a fragment of this is captured by adding on to the 1917-18 sample the benefit of an extra two years of schooling of the kind that existed in their day.  Or conversely, reducing the 1943 sample to match the 8 years of schooling of the earlier sample would not mean that both samples are benefiting from 8 years of the same quality of school experience.

Interlude:  Nutrition
Schooling would not have been the sole cause of IQ gains, of course.  There were significant advances in nutrition and child health:  well-fed and healthy children learn better at school (Storfer, 1990).  However, before leaving the pre-1948 era, I wish to underline my skepticism about the persistence of these causes into the post-1948 era.  The major recent health gains for children in advanced nations have to do with care while the child is in the womb, delivering infants at birth, and post-natal care including that of premature babies.  Rutter (2000, p. 223) argues persuasively that post-1948 improvements in these areas may have had no net effect.  For every child who has escaped mental impairment, another has been saved who would have died without modern techniques.

It is claimed that better nutrition has continued to pay an important role in causing IQ gains right up to the present.  No one, however, has actually documented how diets have changed since 1950.  Did the Dutch 18-year olds of 1982 really have a better diet than the 18-year olds of 1972?  The former outscored the latter by fully 8 IQ points on a Raven's-type test.  It is interesting that the Dutch 18-year olds of 1962 did have a known nutritional handicap.  They were either in the womb or born during the great Dutch famine of 1944 -- when German troops monopolized food and brought sections of the population to near starvation.  Yet, they do not show up even as a blip in the pattern of Dutch IQ gains.  It is as if the famine had never occurred (Flynn, 1987, p. 172).

In the absence of direct data, there are some indirect criteria that allow us to test for the impact of better nutrition.  Presumably, the more affluent have had an adequate diet since 1948.  Therefore, nutritional gains would benefit mainly the bottom half of the population; and IQ gains would be concentrated in the bottom half of the IQ curve.  There are six nations for which we have the whole IQ distribution from top to bottom:  France from 1949 to 1974; The Netherlands from 1952 to 1982; Denmark from 1958 to 1987; the US from 1948 to 1989; Spain from 1970 to 1999; and Norway from 1957 to 2002.  Denmark, Spain, and Norway pass the test, the other three do not (Colom, Lluis Font, & Andres-Pueyo, in press; Flynn, 1985, p. 240; Flynn, 1987, Table 3; Teasdale & Owen, 1989; Teasdale & Owen, 2000; Sundet, Barlaug, & Torjussen, in press; Vroon, 1984; Wechsler, 1992, Table 6.9).  Where we do not have the full distribution, a sign that gains might be concentrated in the lower half would be that the range or variance (the SD) of IQ scores has lessened over time.  If the lower half have gained, and the upper half have not, clearly the bottom scores will come closer to the top scores.  A survey of the better data sets shows that Belgium, Argentina, Sweden, Canada, New Zealand, and Estonia have no pattern of declining variance.  In Israel, males show no decline but females do; however, the female data are inferior in quality and it is hardly plausible that the latter had a worse diet than the former (Bouvier, 1969, pp. 4-5; Clarke, Nyberg, & Worth, 1978, p. 130; Emanuelsson, Reuterberg, & Svensson, 1993; Flynn, 1987, Table 5; Flynn, 1998b, Table 1a; Flynn & Rossi-Casé, under review; Must, Must, & Raudik, 2003).

Therefore, as far as we know, nutrition is viable as a causal factor in only three nations post-1948.  Even in those nations, it has merely escaped falsification.  There are other factors that may have been present among the affluent in 1948 and moved down to benefit the less affluent after that date, such as decent education or liberal parenting.  Even if certain nations show a decline in IQ variance, that could well be due to other factors than nutrition.  For example, large families show a wider range of IQ differences among their children than small families, presumably because parents are less able to give infants attention as the number of children increases.  So a drop in family size can cause reduced IQ variance.  That is why direct evidence of improved diet would be so desirable.  Some take the fact that height has increased in the 20th century as a substitute for direct evidence  (Lynn, 1989).  After all, better nutrition must have caused height gains; and if it increased height, why not IQ?

However, the notion that height gains show better nutrition at work raising IQ is easily falsified.  All we need is a period during which height gains occurred and during which IQ gains were not concentrated in the lower half of the IQ distribution.  Martonell (1998) shows that height gains persisted in the Netherlands until children born about 1965.  Yet, children born between 1934 and 1964 show massive Raven's-type gains throughout the whole range of IQs.  French children gained in height until at least those born in 1965.  Yet, children born between 1931 and 1956 show massive Raven's gains that were uniform up through the 90th percentile.

Although Norway has been cited as a nation in which the nutition hypothesis is viable, thanks to greater gains in the lower half of the IQ distribution, it actually provides evidence against the posited connection between height gains and IQ gains.  If anything, height gains have been larger in the upper half than in the lower half of the height distribution (Sundet, Barlaug, & Torjussen, in press).  So the notion that nutrition is a cause can be maintained only if height gains and IQ gains are not connected.  US data are equally damning.  Height gains occurred until children born about 1952.  Fortunately, there are Wechsler data that give the rate of IQ gains before and after that date, that is, from about 1931 to 1952 and from 1952 to 2002.  The rate of gain is virtually constant (at 0.325 points per year) throughout the whole period -- the cessation of the height gains makes no difference whatsoever (Flynn, 1984a, Table 2; Flynn & Weiss, under review).  It is worth noting that there is no evidence that the ratio of brain size to height has been increasing in the 20th century.

Finally, the twin studies pose a dilemma for those who believe that early childhood nutrition has sizable effects on IQ.  The differences in nutrition would be primarily between middle-class and poor families.  Children who went to school with a better brain due to good nutrition would have the same advantage as those with a better brain due to good genes.  By adulthood, the impact of their better nutrition would be multiplied so that it accounted for a significant proportion of IQ differences or variance.  Yet, the twin studies show that family environment fades away to virtually nothing by adulthood (Jensen, 1998).  I can see no solution to this dilemma.

1948 to 2002:  Attitudes and affluence 

Table 1 shows that between 1948 and 2002, American school children (ages 6 to 16) gained between 17 and 18 IQ points on the WISC (Wechsler Intelligence Scale for Children).  Note that the WISC is broken down into 10 subtests and it is the trends on these that are of greatest interest.  They show something surprizing.  Similarities enjoyed huge gains amounting to 24 IQ points.  Other subtests that did well were Block Design, Object Assembly, Coding, and Picture Arrangement with gains ranging from 16 to 21 points.  However, some subtests show very modest gains, that is, Information, Arithmetic, and Vocabulary gained only 2 to 4 points.  Verbal Comprehension is more respectable at 11 points.  In other words, the subtests closest to traditional classroom subjects are the ones that lag.  This, by the way, is an international pattern as shown by WISC data for Scotland, Germany, and Austria (Flynn, 2000; Flynn & Weiss, under review)

--------------------------------------

  Insert Table 1 about here

-------------------------------------

The first step toward understanding this peculiar pattern of gains is to look at the psychology lying behind different subtests.  Similarities requires an investment of 'mental energy' with no obvious pragmatic pay-off.  When asked 'how dawn and dusk are alike', children have to imagine alternatives and select the one that best catches an intrinsic similarity.  Something like:  'You get up in the morning and go to bed at night but that makes no sense because I often sleep past dawn and go to bed after dark.  They are alike in that it is the sky is half-lit and often very pretty but of course that is not always true.  What they really have in common is that they are the beginning and end of both the day and the night.  The right answer must be that they separate day and night.'  The other non-classroom-subject subtests also have no obvious practical pay-off and require taking problem-solving for its own sake seriously.  They require arranging blocks so that the view from above duplicates a presented pattern, building an object out of its disassembled parts, arranging pictures to tell a story.

The only test that matches the huge gains on Similarities is Raven's Progressive Matrices.  This is not surprizing when one takes into account that both measure on-the-spot problem solving without the help of a previously learned method.  When Case, Demetriou, Platsidou, and Kasi (2001, pp. 322-327) analyzed 23 tests including both traditional psychometric items (Matrices, seven WISC subtests, etc.) and Piagetian tasks (tilted boxes task, weights task, class inclusion, etc.), they found that Matrices and Similarities were virtually identical.  They led all other tests by a wide margin as measures of fluid intelligence.

The psychology of the traditional classroom-subject subtests is far more pragmatic.  Having an adequate fund of general information, being able to do arithmetic, having a decent vocabulary, and reading with comprehension earn good marks.  They very obviously give the child the literacy and numeracy they need to do anything but unskilled labor.  They involve applying what has been learned more than they involve on-the-spot problem solving:  you apply the arithmetical techniques you know, you have the vocabulary to comprehend a presented paragraph or you do not, you either know that Rome is the capitol of Italy or you know only of Rome Georgia.

I believe that sometime around 1948, America underwent two great attitude shifts.  First, a shift toward taking on-the-spot problem solving more seriously; and second, a shift that altered the kind of cognitive demands made at school and set a limit to the magnitude of those demands.

The assertion that the last generation took non-practical mental problems less seriously does not mean that when confronted with the Similarities subtest, they did not try in the test room.  It is what went on outside the test room that changed.  You have to become the kind of person that takes that kind of problem seriously enough to invest your mental energy.  You have to work to develop the 'habits of mind' needed to solve them.  To illustrate what this last means, I will appeal to those who have taken up cross-word puzzles.  As soon as I got interested in them, I tried hard.  But it took awhile to develop the 'habits of mind' needed to do well.  The normal thing with words is to choose the one meaning that best conveys your intent.  It takes awhile to adjust to looking for puns, always being careful to note that the clue word could be either a verb or a noun or an adjective, running through unusual meanings that you never actually use the word to convey.  Unless you can take all of that seriously, despite its lack of a practical pay-off, you can try as hard as you like and still not do well.

The second shift has to do with the attitudes towards and within school.   Beginning about 1948 and gathering momentum thereafter, something began to put limits on what was learned from the traditional three 'r's.  Perhaps, as students and teachers began to value creativity and lateral thinking, disciplined educational activity was thought less important.  The accumulation of historical information, careful reading of demanding texts, grammar, these received less emphasis.  Parents and children and perhaps even teachers reached a saturation point in regard to imposed intellectual discipline.  There was a rebellion against ever increased hours of homework.  Textbooks were dumbed down in terms of the size of vocabulary required to read them.  One can attribute all of this to the rise of middle-class decadence.  But schools are part of society and American society was evolving new attitudes toward what was worth teaching and learning.

Just to avoid a misconception, school is not just classroom subjects, rather it is a social milieu.  For children, teachers compete with parents and relatives and media personalities to provide role models, schools compete with neighbors and siblings to supply peers, and class mates substitute for work mates.  Recall the mechanics of the social mutiplier:  individuals respond to the performance standards set by peers.  Boozer and Cacciola (2001) have shown that when smaller classes raise average performance, the children strive to keep up;  and if the children are not kept together, but dispersed among those whose performance is at a lower level, the performance gains are lost.  If the school environment, inclusive of the school mates with whom one spends one's leisure, had not begun to raise cognitive skills, it would be hard to explain why schoolchildren have made massive IQ gains over time.  It is not school that is failing to promote cognitive gains.  It is the traditional classroom subjects that have lost much of their capacity to promote cognitive gains in areas like arithmetic, and vocabulary, and general information.  They may have been the dominant cause of IQ gains before 1948  but their role has ebbed since.

The most profound result of the industrial revolution since 1948 is affluence.  And increasing affluence has encouraged people to develop the habits of mind that enhance on-the-spot problem solving.  The post-World War II economic boom has done much to weaken the 'depression psychology' of the 1930s and earlier.  Preoccupation with practical concerns like earning a living may have diminished, so that non-practical problem-solving has moved from being perceived as a trivial distraction to something that appeals and attracts investment of mental energy.  The growth in leisure, the fact that leisure is no longer exhausted by recuperation from the demands of work, may be a factor that has pushed leisure activities toward hobbies (like chess and bridge) and conversation and video games that exercise the mind (Greenfield, 1998; Neisser, 1998).  The number of jobs emphasizing manipulation of symbols or abstractions and on-the-spot problem-solving has increased (Schooler, 1998).

Middle-class mores and aspirations have reduced family size.  This means that the percentage of only children and first-born children has increased over time.  A study by Leong, Hartung, Goh, and Gaylor (2001) suggests that such children tend to have more cognitive and analytic interests, while later-borns are more artistic and oriented to the outdoors.  They hypothesize that parents discourage only children from activities thought to be dangerous.  I would add that even the later-borns may have a greater proclivity to cognitive problem-solving than in the past.  The fact that families have become smaller means that parents have more energy and time and inclination to take all of their children's 'hypothetical' questions seriously.  They may be more prone to answer rather than dismiss the eternal string of 'whys' to which children are prone.

Listing these social trends one by one does not convey their explosive potential.  Their interaction is what makes them so potent.  Video games, popular electronic games, and computer applications cause a shift towards problem-solving in visual and symbolic contexts.  A new game develops skills; when the game is mastered, it becomes boring and therefore, a more complex game is marketed.  The industrial revolution creates more jobs emphasizing manipulation of symbols or abstractions.  Since those skills are on the rise, there are more people competent to fill them.   The increased number of people who hold those jobs means more parents who interact cognitively with their children.  Everyone runs to keep up so as not to be a bad parent.  This creates more children who are ready to be challenged, which encourages teachers who want to develop problem-solving skills.  As their numbers grow, that kind of teaching becomes the norm.  Everywhere, conversation about ideas becomes more common and everyone reacts because no one wants to be thought boring.  In sum, a more sophisticated and urbanizing society creates numerous multipliers of cognitive skills that fill the whole day, whether we interact with school mates or work mates, spouses or peers or family.

The intelligence paradox
IQ tests are supposed to measure intelligence.  Therefore, the very magnitude of IQ gains over time poses a paradox:  they seem far too large to be identified with intelligence gains.  How can our ancestors have been so much less intelligent than ourselves?

Take the Dutch of 1982 who outscored the last generation by 20 IQ points on Raven's (Flynn, 1987).  Does it really make sense to say that the average Dutchman of 1982 was at the 90th percentile of his father's generation?  We can put the implausibility of this in two ways.  First, assume that the average person in the earlier generation was of normal intelligence -- then the percentage of gifted Dutch (IQs of 130 or above) increased from 2% to 25%.  If so, why was there not an explosion of genius, why did teachers of 30 years experience not express amazement at finding their classes filling up with gifted students?  Second, assume that the average person of the later generation was of normal intelligence -- then the percentage of mentally retarded Dutch (IQs of 70 or below) decreased from 25% to 2%.  If that is so, then in 1882, one father in four should have struck his 18-year-old son as mentally retarded.  Whenever he took his son to a football match, he should have seemed vague about the rules.

Or take the Americans of 2002 who outscore the Americans of 1918 on Wechsler and Stanford-Binet tests by 28 points ((Flynn, 1984b; Flynn, 1993; Flynn & Weiss, under review; Terman & Merrill, 1937, p. 50; Yerkes, 1921, pp. 654 and 789).  Now the percentage of gifted today or mentally retarded yesterday stands at 45%.  Who could believe either of these things?  Jensen (1981, p. 65) relates an interview with a young man with a Wechsler IQ of 75.  Despite the fact that he attended  baseball games frequently, he was vague about the rules, did not know how many players were on a team, could not name the teams his home team played, and could not name any of the most famous players.  When Americans attended baseball games in 1918, were almost half of them too dull to follow the game or use a score card?

Our intuition that IQ gains cannot be intelligence gains appears to be supported by current theory.  At a given place and time, say in America today, the fact that some people have above-average brains means that they will perform better than most on a whole range of cognitive tasks.  They will excel at both on-the-spot problem solving and arithmetical reasoning, at both mathematics and reading comprehension.  They will pick up large vocabularies and a large fund of general information.  Which is to say that the same people will tend to do better or worse on all ten of the Wechsler subtests.  Factor analysis is a way of measuring this tendency of some people to do better or worse than average across the board; and it yields something called g (a sort of super-correlation coefficient), which psychologists call the general intelligence factor.

Similarly, some people are more gifted at words than at numbers, or vice versa, and therefore, factor analysis yields secondary factors such as a verbal factor, a quantitative factor, a spatial reasoning factor, a speed of information processing factor, and so forth.  These factors are often called 'latent traits' and defined as the core things IQ tests measure.  When you analyze IQ gains over time, you often find that they do not constitute enhancement of these latent traits -- they go not seem to be general intelligence gains, or quantitative factor gains, or verbal factor gains (Wicherts et al, in press).  In the language of factor analysis, this means that IQ gains over time tend to display 'measurement artifacts or cultural bias'.  For a second time, we are driven to the conclusion that massive IQ gains are not intelligence gains or, indeed, any kind of significant cognitive gains.

That the gains are real

Having stained the reputation of IQ gains, it is time to begin their rehabilitation.  IQ gains are not a 'measurement artifact' in the sense that anyone has ever shown that they are due to growing test sophistication.  Test sophistication has to do with feeling comfortable with the format of IQ tests, or whoever administers them, or using your time better, or trying harder in the test room.  The 20th century has seen us go from subjects who have never taken a standardized test to people bombarded by them and undoubtedly, a small portion of gains in the first half of the century were due to growing test sophistication.  However, its role has been relatively modest.  Gains antedate the period when testing was common and have persisted into an era when IQ testing, due to its unpopularity, has become less frequent.  More to the point, even when naive subjects are repeatedly exposed to a variety of tests, IQ scores rise by only 5 or 6 points and the rate of gain reduces sharply after the first few exposures.  Even if we deduct 5 points from the total gains of nations like American or Britain, huge gains remain.  Moreover, in many nations there is no sign of a jump in IQ followed by steadily diminishing gains.  Indeed, The Netherlands show the rate of gain escalating decade after decade.

As for 'cultural bias', we must distinguish between cultural trends that make words more familiar at one time than another and cultural trends that really have raised the level of cognitive skills from one time to another.  We measure IQ gains by giving people tests that have not been altered over something like 20 years.  This would, if anything, put the people of today at a disadvantage.  Vocabulary or information that was common when the test was constructed might have fallen out of general use or general knowledge over time.  Indeed, that is why the content of IQ tests is updated from time to time.

The best way to show that IQ gains are real is to show how they illuminate what is going on in the real world.  I will discuss in turn educational progress, economic progress, and cognitive progress.  The discussion will be set in the US context where data are most plentiful.

Educational progress
America uses achievement tests to measure whether schoolchildren are learning more from one generation to another.  Few would deny that these tests are measuring something real, so let us compare their results with IQ trends and see if anything useful emerges.  The National Association of Educational Progress (NAEP) tests, often called the nation's report card, are given to large representative samples of American students.  From 1971 to 2002, 4th and 8th graders (average age 11 years old) made a reading gain equivalent to 3.90 IQ points (SD =15) (U.S. Department of Education, 2000, pp. 104 & 110; 2003, p. 21).  Between 1972 and 2002, children averaging the same age gained 5.00 IQ points on the Verbal Comprehension subtest of the WISC (See Table 1: .6 + .4 = 1; divided by 3 = 0.333 SDs; times 15 = 5 IQ points).

This is a remarkable correspondence given that the Comprehension subtest does not measure reading directly.  Rather, the children answer oral questions.  If we follow the correspondence, the WISC results allow us to trace reading gains all the way from 1948 to 2002.  The total gain amounts to 8.67 points which means that the average child of today aged 9 to 13 is reading at the 72nd percentile of his or her grandparents' generation.

However, this merely prepares us for disappointment.  In the 12th grade, near high school graduation, the reading gain drops off to almost nothing (U.S. Department of Education, 2000, pp. 104 & 110; 2003, p. 21).  The IQ data suggest an interesting possibility.  The WISC subtests show that from 1972 to 2002, schoolchildren made no gain in their store of general information and only minimal vocabulary gains (Table 1).  Therefore, while today's children learn to master pre-adult literature at a younger age, they are no better at attacking demanding adult literature.  You cannot enjoy War and Peace if you have to run to the dictionary or encyclopedia every other paragraph.  So by the time they leave secondary school, today's schoolchildren are no better off than the last generation.  They open up an early lead but sometime after the age of 13 they hit a ceiling.  And while they mark time between 13 and 17, the last generation catches up.

From 1973 to 2000, the Nation's Report Card shows 4th and 8th graders making impressive mathematics gains equivalent to almost 7 IQ points.  These put the young children of today at the 68th percentile of their parents' generation.  However, once again, the gain falls off at the 12th grade, this time to literally nothing (U.S. Department of Education, 2000, pp. 54 & 60-61; 2001, p. 24).  It is only when we compare the achievement test results to the IQ test results that we can understand why.

The two together present this picture.  An increasing percentage of young children were mastering the computational skills the Nation's Report Card emphasizes at those ages.  However, during the same period, children were making no progress in acquiring the reasoning skills measured by the WISC Arithmetic subtest (Table 1: 1972 to 2002).   Reasoning skills are essential when you go on to higher mathematics.  Therefore, by the 12th grade, the failure to develop enhanced mathematical problem-solving strategies begins to bite.  American schoolchildren cannot do Algebra and Geometry any better than the previous generation.  And once again, although the previous generation was slower to master computational skills, they catch up by the time they graduate.

This is not to say that Americans have made no educational progress.  Those who went on to get a BA from university rose from about 13% in 1948, to 25% in 1972, and to over 30% in 2000 (Herrnstein and Murray, 1994, p. 32).  Presumably a university education means something in terms of mathematical skills and breadth of reading.  However, the data underline the importance of expanded tertiary education.  It is the main source of educational progress with little evidence of enhanced performance below that level.  And the IQ data pose interesting hypotheses about what has gone wrong.

There is, of course, one area in which the cognitive skills of secondary students have undergone a dramatic change.  The huge gains on the Similarities subtest show that today's youth are much better at on-the spot problem solving and take abstract questions more seriously (Table 1).  It is likely that this advantage is sustained and perhaps enhanced by university study.  And there are a number of likely dividends.  Every year America has an increased number of managerial, professional, and technical jobs to fill -- jobs that often require decisions without the guidance of set rules.  However, this brings us to the question of whether IQ gains have been real in the sense that they have contributed to economic progress.

Economic progress
Over time, economic progress has meant the multiplication of managerial, professional, and technical jobs.  As Table 2 shows, only 17% of Americans held such in 1950 but by 2000, 33.5% did.  There are IQ thresholds for various occupations, that is, minimum IQs such that if you fall below them, you are very unlikely to qualify as a doctor, scientist, nurse, technician, and so forth.  The correlation between IQ and occupational status in the middle of this period was significant at about 0.65.  The correlation generates an estimate of both the average IQ and the IQ threshold of those who fill jobs in the managerial, professional, technical group.  In 1980, a time when excellent data about the actual IQs of professionals was available, I found that such estimates were highly reliable (Flynn, 1991a, pp. 68-69 and 142-143).

--------------------------------------

  Insert Table 2 about here

-------------------------------------

An important fact:  As elite occupations become less elite, that is, as the percentage of those who are managers, lawyers, and technicians rises, the IQ means and thresholds tend to fall.  We can appreciate this intuitively by asking what would happen if literally everyone were a professional.  Clearly, the IQ threshold would drop to zero.  Table 2 shows that between 1950 and 2000, the average IQ for managers, professionals, and technicians dropped from 114.5 to 110.6.  And the threshold dropped from 104 to 98.

Therefore, someone 2 points below the average IQ (set at 100) could meet the cognitive demands of elite jobs in the year 2000; while you had to be 4 points above the average IQ in 1950.  That could be true only if the average person's cognitive skills had actually improved!  Or more precisely, America needed a 6-point IQ gain to keep up with the demand for more and more elite jobs that the American economy created.  The actual Wechsler IQ gain over those 50 years was about 16 points.  This does not mean that the 10-point surplus was wasted:  Perhaps elite jobs are better performed today than they were 50 years ago.

On the other hand, if you assume that managerial, professional, and technical jobs are worse performed today, or that they have become less cognitively demanding, you can argue that none of America's IQ gains have affected elite job performance.  Let those assumptions be tested by evidence.  Until then, I will hypothesize that at least a significant portion of the IQ gains America enjoyed between 1950 and 2000 had real-world implications for the competent performance of elite work roles.

This raises an interesting question:  What if gains in the ability to solve problems on the spot (without a previously learned method of doing so) were to cease?  Could America go on producing more and more managers and professionals and technicians.  Recall that IQ gains seem to have halted in some nations.  This makes perfect sense in terms of the causes posited.  Family size has been dropping but it cannot drop below a certain point -- below one or two children per family.  We have more leisure and spend more of it on cognitively challenging pursuits.  But surely, we must sooner or later reach a saturation point:  Just as Americans set a limit when secondary schooling became more and more cognitively demanding, so anyone would rebel at leisure completely dominated by cognitive challenge.

Still, the end of IQ gains is not certain.  Perhaps the quality of parent-child interaction can go on being enhanced even if family size is static.  Even if the gains do cease, perhaps we need not recruit more professionals but can make better use of the professional talent we have.  Many would argue that we have enough doctors, too many managers, and far too many lawyers -- indeed a large number of the latter seem to do little but earn an income by creating mischief.  A shift way from the traditional professions toward more scientists and technicians might show the way toward further economic progress.

Cognitive progress
The enhanced cognitive skills of Americans do more than influence education and fuel economic progress.  As we have seen, they function as both cause and effect in other areas.  Chess is the sort of leisure pursuit that one would think would both benefit from an attitude shift toward taking non-practical problems seriously (effect) and habituate people to be better at on-the-spot problem-solving (cause).  There is no doubt that the standard of play in chess tournaments has risen (Nunn, 1999).  Howard (1999) has posited the existence of the social multiplier in the sense of "cascading feed-back loops":  more people want to play chess, the average skill rises, chess clubs form, coaching and chess books improve with rising demand, so you have even better average performance, and so on.  He evidences the trend toward enhanced skills by documenting the decline in the age of chess grandmasters.  He makes the same case, although the evidence is less compelling, for feedback loops in other leisure activities that are cognitively demanding such as bridge and go.

There is some evidence that Americans are holding their politicians to a higher standard of rhetoric.  A comparison of the 1918 debate on women's suffrage and current Congressional debate on women's rights show the latter in a favorable light with less illogic and irrelevance (Rosenau & Fagan, 1997).  Probably there is a larger pool of people who have an interest and therefore an inclination to pursue theoretical disciplines like mathematics, science, even philosophy.  Sadly, the realization of this potential is often thwarted by unwillingness to fund university training and careers for the fields named.

How then, do we square the fact that there seem to be trends towards enhanced cognitive skills in real life with the fact that the latent traits of factor analysis have not been enhanced?  The paradox arises from failing to distinguish between the advantage of a better brain and the flexibility of social priorities.

Recall why latent traits 'exist'.  At a given place and time, the fact that some people have above-average brains means that they will perform better than most on a whole range of cognitive tasks.  They will excel at both on-the-spot problem solving and arithmetical reasoning, at both mathematics and reading comprehension.  Which is to say that the same people will tend to do better or worse on all ten of the Wechsler subtests.   Some people's brains are such that they will have an unusual gift for words or for numbers -- we all know people who find mathematics easy but are not remarkable in conversation    Factor analysis measures the tendency of some people to do better or worse than average across the board and the index it yields is g or the general intelligence factor.  Factor analysis will also detect the tendency to do better or worse in other broad areas, like verbal subtests or subtests all of which are relevant to number skills, giving a verbal factor or a quantitative factor, and so on.

In a word, these factors or latent traits arise out of situations in which one person's brain quality or qualities are being compared to another.  Jensen, the great champion of g, says as much:  "Some property (or properties) of the brain . . . has cognitive manifestations that result in the emergence of g" (Jensen, 2002, p. 153).  Moreover, these factors arise at a given time and place when everyone is influenced by a relatively uniform set of social priorities, particularly at school.

However, what separates one time from another are trends that radically reorder social priorities.  Over time, society picks and chooses from a list of numerous mental abilities, selecting some for emphasis, other for relative neglect.  Since 1948, American society has asked its people for a lot better on-the-spot problem solving ability but has not asked people to expand their everyday vocabulary or fund of  general information   Even within a particular area, like verbal or quantitative skills, it has been selective.  Society improved the reading skills of young children without increasing their vocabularies.  Teachers taught young children improved mastery of the mechanics of arithmetic but were unable to upgrade their ability to think their way through Algebra.  Clearly, improving the ability to do on-the-spot problem solving has not transferred to mathematics as one would have hoped.  Why raising the ability to do Algebra poses a special difficulty is a mystery but hardly a new one.

There is no reason why two very different comparisons should produce the same results.  A better brain compared to an average brain may have a large advantage on both the Similarities and the Vocabulary subtests of the WISC when two children are in the same school system at the same time.  But the average child of today compared to the average child 30 years ago may be much better at on-the-spot problem solving and yet have no larger everyday vocabulary at all.  Therefore, the two comparisons will not produce the same pattern of differences in performance over the ten Wechsler subtests.  And factor analysis of IQ gains will not detect the latent trait called g.  Comparing the social priorities today with the social priorities of yesterday is not like comparing the quality of two brains.  Even if brain quality had improved over time, and we have no reason to think so, the improvement would not show up in the subtest pattern.  It would tend to be swamped by the potency of shifting social priorities in causing different gains on different subtests.

Another sports analogy.  At any given time, you find that people of superior physique are better all around athletes.  The captain of the football team may be good at basketball and even at archery.  Now imagine that over 30 years, people start finding archers far more sexually attractive and develop no similar love affair with other sports.  The performance gains on archery may be huge and the pattern of performance gains over time will have little resemblance to the performance pattern of better and worse athletes at a given time.  But both are equally real.  They just reflect different realities.  The captain of the football team really is a bit better shot than his or her peers.  Archers today really are a lot better than they were yesterday.

IQ gains need not apologize for not revealing latent traits.  Today, Americans really can do professional work roles better and cannot read adult novels any better.  Society does not have to learn factor analysis to promote whatever kind of cognitive progress it wants.  IQ gains tell us nothing less than the history of the American mind in the 20th century (Flynn, 2003; in press).

About brains
Nettlebeck & Wilson (2004) have shown that IQ gains occurred among Australian children between 1981 and 2001 and yet, there was no change in Inspection Time (IT).  Inspection Time (the time taken to be aware of a visual event) is an attempt to measure 'iconic memory', that is, how quickly the brain can process simple information.  At a given place and time, it has a moderate correlation with IQ at about 0.40.  At first glance, this seems to confirm our analysis:  IQ gains over time have nothing to do with enhanced brain quality.

However, that absolutely no enhancement of brain quality accompanies IQ gains may seem surprizing.  Australia may have enjoyed no increased outbreeding to produce better brains and no improved nutrition to help growing brains.  Still, exercising an organ usually produces some change.  If you lift weights, you get stronger muscles.  More mental exercise should do something for the brain throughout life -- even elderly people are encouraged to remain mentally active to postpone senility.

The simplest explanation would be that our brains are no more active today than in the past, just focused more on non-practical than practical problems.  Or perhaps IT is too crude a measure of brain quality to pick up the brain changes that occur over time.  On-the-spot problem solving may exercise the prefrontal lobes and do little to enhance the part of the brain that is the seat of iconic memory.  Or perhaps Inspection Time does not measure brain quality at all but just registers temperamental differences.  High IQ people may be a bit more confident that they have actually seen something and therefore, a bit quicker to respond.  I found that temperamental differences had a powerful effect on another task that was supposed to measure brain quality, namely, Reaction Time (RT).

The results showed that Chinese did better on those RT measures that most correlated with IQ for British, and that British did better on those RT measures that most correlated with IQ for Chinese.  These results are discouraging, unless you believe that Chinese have better British brains than British do, and that British have better Chinese brains than Chinese do.  Analysis showed that brain differences were not involved.  For example, a typical task was to have your finger on a home button, watch three lights with target buttons underneath, and move to the appropriate button when lights went on (either to the only one that was lit or the only one that was unlit).  When Chinese performed this task, they were risk takers:  they let go of the home button immediately and 'thought' their way to their target.  English were more conservative:  they would not release the home button until they 'thought out' where they were going.  The result was that Chinese were faster at what had cognitive input for English (releasing the home button); and English faster at what had cognitive input for Chinese (going to the target button) (Flynn, 1991b).  It is interesting that those with low IQ match those with high IQ in terms of their fastest Reaction Times.  They just do their best more rarely, which raises the possibility that RTs are measuring distractibility rather than brain quality.

Whatever the ambiguity of ITs and RTs, brain physiology has something to teach us about cognitive skills.  Recall the latent traits that factor analysis gives at a particular time and place, the tendency of those with superior  brains to do better than an average brain across all WISC subtests, whether they deal with on-the-spot problem solving (fluid intelligence) or learned vocabulary and arithmetical skills (crystallized intelligence).

Blair (in press) shows that this pattern does no hold up, even at a given time and place, when we compare abnormal brains to normal brains.  For example, adults with damage to the prefrontal cortex show below average on-the-spot problem solving skills and yet retain above average learned skills.  This shows that different cognitive skills are primarily located in different brain centers, which is fortunate.  By improving functioning in one brain center rather than another, society can pick and choose what cognitive skills it want to prioritize.  If the brain were a totally integrated unit, society would be struck with improving everything or nothing.  There is some evidence that children who suffer from brain injury or developmental disorders (like childhood schizophrenia) can develop normal vocabularies and math skills while lagging in on-the-spot problems solving.

In other words, just as society breaks the 'all or nothing' pattern (the g pattern) because of altered priorities, the abnormal brain breaks the pattern because of altered receptivity.  Even at a given time and place, it cannot develop cognitive skills as a normal brain would.  Its combination of undamaged and damaged centers means that it too must pick and choose.  Again we see that the latent traits of factor analysis are the product of a particular kind of comparison:  the difference between how superior normal brains and average normal brains respond to the cognitive priorities set at a particular time and place.  They are not engraved in the structure of the brain in a way that makes them somehow more real than the actual mental abilities that society chooses to develop.

Our ancestors and ourselves

We have not answered the common sense objection to the reality of IQ gains over time.  If an American today could meet his or her ancestors at the same age, how would they appear?

The clue is to be found in the WISC subtest data rather than in overall IQ.  What of the average American circa 1974 (our parents) and circa 1944 (our grandparents)?  Assume we are chatting with someone who has the same level of education, that is, secondary graduate talking to a secondary graduate, university graduate to a university graduate, and so forth.  If that were so, neither our parents or our grandparents would seem dull in everyday conversation.  They would be able to discuss novels as equals and would display an equally wide range of reading.  They could discuss current affairs with just as broad a vocabulary and fund of general information, although they might be swayed by a lower level of political rhetoric.  They would be much worse in doing on-the-spot problem solving.  That would not extend to mechanical problems such as fixing a car or repairing things around the house.  But they would be less adept at dealing with novel problems posed verbally or visually or abstractly.  Sometimes, this 'handicap' would affect social conversation, particularly because they would not think such problems were very important.  They would be more rule-governed and probably count that as a virtue.

As for great grandparents, the Americans of 1914, they would on average be noticeably less literate and numerate than the Americans of today.  Almost everyone would have had less education, indeed, half of them would have had only a grade school education or less.  Also, many would not have been highly motivated.  Many boys took it for granted that they would be following in their father's footsteps on the family farm, or by going down into the mines or into factory work, and would have treated their years in school as a prelude to real life.  Thanks to a smaller fund of general information, lower reading and math skills, and, most of all, failing to invest mental energy into developing the habits of mind needed to solve on-the-spot problems involving abstractions, almost half of our great grandparents would have scored badly on IQ tests -- badly enough to be classified as mentally retarded if assessed against today's standards.

However, they would not strike us as mentally retarded and they would not have been mentally retarded.  Whereever they were motivated to invest mental energy, such as keeping a score card at a baseball game or keeping tack of complex kinship connections (first cousin once removed on your mother's side), they would have been perfectly competent.  They would show, and did show, ingenuity in solving novel practical problems, such as how to keep alive in the trenches of World War I.  I suspect that genuine mental retardation has been pretty constant over time at 2% of the population. The minds of people respond to social demands.  The social demands on the individual to be capable of cognitive independence in everyday life, holding a job, going to the corner shop, chatting about distant relatives, have been so powerful for so long that all who could meet them have done so in every generation.  As Spitz (1986) has shown, even the most dramatic environmental interventions have not done much to thin out the ranks of the mentally retarded and I suspect that social change has been equally helpless.

Ourselves and our minds

IQ gains tell us much about social progress.  But what about me (or my child)?  I live at a particular place and time.  IQ gains show the huge impact of environment on IQ.  Does this mean that an individual can easily rise above the place assigned on the genetic ladder?  We are talking about the cognitive hierarchy of my generation, of course; many are born to a social or financial positions far above what they would achieve by their own efforts.

Sadly, our analysis implies that it will not be easy for an individual to rise above his or her genetic place.  The Dickens/Flynn solution to the identical twin paradox was based on this assumption:  that when individuals compete with one another at a given time and place, genes have an advantage over environment in seizing control of powerful feed-back loops.  Why should that be so?  Compare two members of a high school basketball team.  Thanks to his genes, the first is taller and quicker than average.  He may be drafted after high school and put into an army environment in which his skills atrophy.  But when he gets out, he will still have his natural height advantage and quickness advantage as assets to recover his superior skills.  The second made the team because of an enriched early environment; his father was a basketball fanatic and gave him a head start.  He too is drafted and his skills atrophy.  But when he gets out, he will have little more than his love of the game to help him recoup.   He will be at a disadvantage compared to his tall teammate in targeting favorable basketball environments.

The same genes are with me throughout my life while my luck for environment tends to fluctuate, sometimes good sometimes bad.  To rival genes, an advantageous environment would have to match their persistence, which is to say I would have to have good luck throughout my life.  Let us imagine such a case.  A girl is born with average genes for cognitive ability in a privileged home.  She gets good private schooling with lots of individual attention from preschool to high school, gets prepped for university entrance exams, gets into a decent university.  She has to work harder than most but she is enveloped by the expectations of her parents that she will get into law school.  Her marks get her in without much to spare but once there, she profits from the fact that no one with a reasonable education who works hard fails to graduate.   Her mother gets her into a good firm where she has challenging work and she marries someone with intellectual interests.   Her whole life is conditioned by people and institutions that sustain a cognitively stimulating environment.

However, there is one way an individual can walk a personal path to enhanced cognitive skills.  He or she must internalize the goal of seeking challenging cognitive environments -- seeking intellectual challenges all the way from choosing the right leisure activities to wanting to marry someone who is intellectually stimulating.  Better off still are those who develop a certain kind of character formation -- a character such that I carry about within myself a stimulating mental environment I myself create.  Then I would be relatively free of needing good luck to enjoy a cognitively enriched environment throughout life.  I would have instant access to a portable gymnasium that exercises the mind.  Books and ideas and conversation are easier to transport than a basketball court.  No one can keep me from using mental arithmetic so habitually that my arithmetical skills survive.  

To conclude:  You can rise above someone with better genes.  If they are born taller and quicker, you may have better luck -- you may not be drafted and may always get jobs that give you more time to play.  Or despite no better luck, you may love basketball more and practice harder throughout life.  If they have a better brain, you will have to be very fortunate to be handed better environments throughout life.  Your best chance is to fall in love with ideas, or intelligent books, or some intellectual pursuit, thereby building a cognitive gymnasium within -- one that you visit daily.  In a sense, this is as it should be:  those who value intelligence for its own sake have the best chance to view the world through intelligent eyes.
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Table 1.  WISC subtest and Full Scale IQ gains:  1947.5 to 2001.75

             WISC to         WISC-R to    WISC-III to         WISC to            WISC to

             WISC-R         WISC-III        WISC-IV             WISC-IV           WISC-IV

             1947.5-72         1972-89       1989-2001.75   1947.5-2001.75   1947.5-2001.75


    Gain
    Gain
      Gain

Gain

 IQ Gain


24.5 years
 17 years         12.75 years          54.25 years       54.25 years


  (SD = 3)
 (SD = 3)
    (SD = 3)
          (SD = 3)
 (SD = 15)

I             0.43

   - 0.3

       0.3

0.43

     2.15

A           0.36

     0.3

     - 0.2

0.46

     2.30

V           0.38

     0.4

       0.1

0.88

     4.40

Cm        1.20

     0.6

       0.4

2.20

   11.00

PC          0.74
     
     0.9

       0.7

2.34

   11.70

BD         1.28

     0.9

       1.0

3.18

   15.90

OA        1.34

     1.2

      [0.93]

[3.47]

   [17.35]

Cd          2.20
    
     0.7

       0.7

3.60

   18.00

PA          0.93
     
     1.9

      [1.47]

[4.30]

   [21.50]

S             2.77
     
     1.3

       0.7

4.77

   23.85

SUM    11.63                  7.9                    [6.1]                    [25.63]



Subtest Sums
  FS-IQ
Gain

Rate/yr

WISC
       
       100.00

100.00

------

-------

WISC-R
       111.63

107.63

7.63

0.311

WISC-III
       119.53

113.00

5.47

0.322

WISC-IV
       125.63

117.63

4.63

0.363

Adapted from Flynn & Weiss, under review.  Sources:  Flynn, 2000, Table 1; Psychological Corporation, 2003, Table 5.8; Wechsler, 1992, Table 6.8.

Notes:

(1)  It is customary to score subtests on a scale in which the SD is 3, as opposed to IQ scores which are scaled with SD set at 15.  To convert to IQ, just multiply subtest gains by 5, as was done to get the IQ gains in the last column.

(2)  Full names of subtests in order listed:  Information, Arithmetic, Vocabulary, Comprehension, Picture Completion, Block Design, Object Assembly, Coding, Picture Arrangement, Similarities.

(3)  Values in brackets for OA and PA are estimates that assume their gains from WISC-III to WISC-IV were the same relative to other subtests as in the WISC-R to WISC-III era.

Table 1 (cont.)

(4)  As to how the full scale IQs at the bottom of the table were derived:

1.  The average member of the WISC sample (1947-48) was set at 100.

2.  The subtest gains by the WISC-R sample (1972) were summed and added to 100:  100 + 11.63 + 111.63.

3.  The appropriate conversion table was used to convert this sum into a Full Scale IQ score.  The WISC-III table was chosen so that all samples would be scored against a common measure.  That table equates 111.63 with an IQ of 107.63.

4.  Thus the IQ gain from WISC to WISC-R was 7.63 IQ points.

5.  Since the period between those two samples was 24.5 years, the rate of gain was 0.311 points per year (7.63 divided by 24.5 = 0.311).

6.  The subsequent gains are also calculated against the WISC sample, which is to say they are cumulative.  By the time of the WISC-IV, closer to 2002 than 2001, you get a total IQ gain of 17.63 IQ points over the whole period of 54.25 years.  That would average at 0.325 points per year, with some minor variation (as the table shows) from one era to another.

Table 2  America from 1950 to 2000:  Rising percentage of employed civilians (16 years old and over) in professional, managerial, and technical occupations; effect on mean IQ and IQ threshold for that group of occupations.

Year

%PMT
Mean IQ
IQ threshold

1950

  17.03
   114.50
     103.82

1960

  18.86
   113.96
     103.03

1970

  21.42
   113.27
     102.00

1980

  25.25
   112.34
     100.57

1990

  29.37
   111.43
       99.16

2000

  33.48
   110.61
       97.78

Sources:  U. S. Bureau of the Census, 1975, Part 1, pp. 140-145, Series D 233-682;  U. S. Bureau of the Census, 1981, Labor Force, Employment, and Earnings, pp. 402-404, Table No. 675;  U. S. Bureau of the Census, 1990, Labor Force, Employment, and Earnings, pp. 395-397, Table No. 652;  U. S. Bureau of the Census, 2001, Labor Force, Employment, and Earnings, pp. 380-382, Table No. 593.

Notes:

(1)  Working back from the year 2000, minor adjustments were made so that census job categories that were altered over time would match as closely as possible.  Also earlier data was adjusted from 14 years old and over to 16 years old and over.  The adjustments were minor, for example, the unadjusted figure for 1950 would be 17.35%.

(2)  The calculations assume that the employed are a group with a mean IQ of 100.  Probably, they are a bit elite in that those who are unemployed or outside the labor force tend to have below average IQs.  So in reality, all the mean IQs and IQ thresholds would be a few points higher.  For example, the values for 2000 are probably something like 112 and 100.  But none of this affects the tendency over time of the mean IQ and IQ threshold to decrease.

(3)  Example of calculations using year 2000:

1.  Assume that the correlation between IQ and occupational status is perfect.

(Table 2 cont.)

2.   Since 33.48% are in PMT occupations, the bottom 66.52% of a normal curve is missing.  That would push the mean IQ of this group to 1.0879 SDs above the mean.

3.  However, the correlation between IQ and occupational status is not perfect.  Putting it at 0.65, the IQ rise must be multiplied by that value.

4. So:  1.0879 x 0.65 = 0.707 SDs above the mean;  0.707 x 15 (SD of IQ) = 10.61;  that + 100 = 110.61 as estimated mean IQ.

5.  Now to calculate the IQ threshold:  A 0.707 rise in mean IQ would be obtained by eliminating the bottom 44.18% of a normal curve;  the cutting line that eliminates the bottom 44.18% of a normal curve is 0.148 SDs below the mean;  0.148 x 15 = 2.22;  that - 100 = 97.78 as estimated IQ threshold.

