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Abstract
In this commentary I explain how mean differences between normal distributions give rise to different
percentages of the populations being above or below a given threshold, depending on where the
threshold is.
Introduction
“Research uncovers flawed IQ scoring system” is the headline on phys.org, which often posts news
about research from other fields. It concerns a study by Harrison et al (2015). The researchers have
allegedly “uncovered anomalies and issues with the Wechsler Adult Intelligence Scale-Fourth Edition
(WAIS-IV), one of the most widely used intelligence tests in the world”. An important discovery, if true.
Let’s hear it from the lead researcher:
“Looking at the normal distribution of scores, you’d expect that only about five per cent of the
population should get an IQ score of 75 or less,” says Dr. Harrison. “However, while this was true when
we scored their tests using the American norms, our findings showed that 21 per cent of college and
university students in our sample had an IQ score this low when Canadian norms were used for
scoring.”
How can it be? To learn more, we delve into the actual paper titled:Implications for Educational
Classification and Psychological Diagnoses Using the Wechsler Adult Intelligence Scale–Fourth
Edition With Canadian Versus American Norms.
The paper
First they summarize a few earlier studies on Canada and the US. The Canadians obtained higher raw
scores. Of course, this was hypothesized to be due to differences in ethnicity and educational
achievement factors. However, this did not quite work out, so Harrison et al decided to investigate it
more (they had already done so in 2014). Their method consists of taking the scores from a large
mixed sample consisting of healthy people — i.e. with no diagnosis, 11% — and people with various
mental disorders (e.g. 53.5% with ADHD), and then scoring this group on both the American and the
Canadian norms. What did they find?
Blast! The results were similar to the results from the previous standardization studies! What
happened? To find out, Harrison et al do a thorough examination of various subgroups in various ways.
No matter which age group they compare, the result won’t go away. They also report the means and
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Cohen’s d for each subtest and aggregate measure — very helpful. I reproduce their Table 1 below:
Score

M (US)SD (US)M
(CAN)
95.5 12.9
88.1
98.9 14.7
92.5

FSIQ
GAI
Index Scores
Verbal Comprehension97.9
Perceptual Reasoning 99.9
Working Memory
90.5
Processing Speed
95.2
Subtest Scores
Verbal Subtests
Vocabulary
9.9
Similarities
9.7
Information
9.2
Arithmetic
8.2
Digit Span
8.4
Performance Subtests
Block Design
9.8
Matrix Reasoning
9.8
Visual Puzzles
10.5
Symbol Search
9.3
Coding
8.9

SD
(CAN)
14.4
16

p

d

r

<.0010.540.99
<.0010.420.99

15.1
14.1
12.8
12.9

91.8
94.5
83.5
90.4

16.3
15.9
13.8
14.1

<.0010.390.99
<.0010.360.99
<.0010.530.99
<.0010.360.99

3.1
3
3.1
2.7
2.5

8.7
8.5
8.5
7.4
7.1

3.3
3.3
3.3
2.7
2.7

<.0010.370.99
<.0010.380.98
<.0010.220.99
<.0010.3 0.99
<.0010.5 0.98

3
2.9
2.9
2.8
2.5

8.9
9.1
9.4
8.5
8.2

3.2
3.2
3.1
3
2.6

<.0010.290.99
<.0010.230.99
<.0010.370.99
<.0010.280.99
<.0010.270.98

Sure enough, the scores are lower using the Canadian norms. And very ‘significant’ too. A mystery.
Next, they go on to note how this sometimes changes the classification of individuals into 7 arbitrarily
chosen intervals of IQ scores, and how this differs between subtests. They spend a lot of e-ink noting
percents about this or that classification. For instance:
“Of interest was the percentage of individuals who would be classified as having a FSIQ below the 10th
percentile or who would fall within the IQ range required for diagnosis of ID (e.g., 70 ± 5) when both
normative systems were applied to the same raw scores. Using American norms, 13.1% had an IQ of
80 or less, and 4.2% had an IQ of 75 or less. By contrast, when using Canadian norms, 32.3% had an
IQ of 80 or less, and 21.2% had an IQ of 75 or less.”
I wonder if some coherent explanation can be found for all these results. In their discussion they ask:
“How is it that selecting Canadian over American norms so markedly lowers the standard scores
generated from the identical raw scores? One possible explanation is that more extreme scores occur
because the Canadian normative sample is smaller than the American (cf. Kahneman, 2011).”
If the reader was unsure, yes, this is Kahneman’s 2011 book about cognitive biases and dual process
theory.
They have more suggestions about the reason:
“One cannot explain this difference simply by saying it is due to the mature students in the sample who
completed academic upgrading, as the score differences were most prominent in the youngest
cohorts. It is difficult to explain these findings simply as a function of disability status, as all participants
were deemed otherwise qualified by these postsecondary institutions (i.e., they had met normal
academic requirements for entry into regular postsecondary programs). Furthermore, in Ontario, a
diagnosis of LD is given only to students with otherwise normal thinking and reasoning skills, and so
students with such a priori diagnosis would have had otherwise average full scale or general abilities
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scores when tested previously. Performance exaggeration seems an unlikely cause for the findings, as
the students’ scores declined only when Canadian norms were applied. Finally, although no one would
argue that a subset of disabled students might be functioning below average, it is difficult to believe
that almost half of these postsecondary students would fall in this IQ range given that they had
graduated from high school with marks high enough to qualify for acceptance into bona fide
postsecondary programs. Whatever the cause, our data suggest that one must question both the
representativeness of the Canadian normative sample in the younger age ranges and the accuracy of
the scores derived when these norms are applied.”
And finally they conclude with a recommendation not to use the Canadian norms for Canadians
because this results in lower IQs:
Overall, our findings suggest a need to examine more carefully the accuracy and applicability of the
WAIS-IV Canadian norms when interpreting raw test data obtained from Canadian adults. Using these
norms appears to increase the number of young adults identified as intellectually impaired and could
decrease the number who qualify for gifted programming or a diagnosis of LD. Until more research is
conducted, we strongly recommend that clinicians not use Canadian norms to determine
intellectual impairment or disability status. Converting raw scores into Canadian standard scores,
as opposed to using American norms, systematically lowers the scores of postsecondary students
below the age of 35, as the drop in FSIQ was higher for this group than for older adults. Although we
cannot know which derived scores most accurately reflect the intellectual abilities of young Canadian
adults, it certainly seems implausible that almost half of postsecondary students have FSIQ scores
below the 16th percentile, calling into question the accuracy of all other derived WAIS-IV Canadian
scores in the classification of cognitive abilities.
Are you still wondering what it going on?
Populations with different mean IQs and cut-offs
Harrison et al seems to have inadvertently almost rediscovered the fact that Canadians are smarter
than Americans. They don’t quite make it to this point even when faced with obvious and strong
evidence (multiple standardization samples). They somehow don’t realize that using the norms from
these standardization samples will reproduce the differences found in those samples, and won’t really
report anything new.
Their numerous differences in percents reaching this or that cut-off are largely or entirely explained by
simple statistics. They have two populations which have an IQ difference of 7.4 points (95.5 – 88.1
from Table 1) or 8.1 points (15 * .54 d from Table 1). Now, if we plot these (I used a difference of 7.5
IQ) and choose some arbitrary cut-offs, like those between arbitrarily chosen intervals, we see
something like this:
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Except that I cheated and chose all the cut-offs. The brown and the green lines are the ratios between
the densities (read off the second y-axis). We see that around 100, they are generally low, but as we
get further from the means, they get a lot larger. This simple fact is not generally appreciated. It’s not a
new problem, Arthur Jensen spent much of a chapter in his behemoth 1980 book on the topic, he
quotes for instance:
“In the construction trades, new apprentices were 87 percent white and 13 percent black. [Blacks
constitute 12 percent of the U.S. population.] For the Federal Civil Service, of those employees above
the GS-5 level, 88.5 percent were white, 8.3 percent black, and women account for 30.1 of all civil
servants. Finally, a 1969 survey of college teaching positions showed whites with 96.3 percent of all
posi tions. Blacks had 2.2 percent, and women accounted for 19.1 percent. (U.S. Commission on Civil
Rights, 1973)”
Sounds familiar? Razib Khan has also written about it. Now, let’s go back to one of the quotes:
“Using American norms, 13.1% had an IQ of 80 or less, and 4.2% had an IQ of 75 or less. By contrast,
when using Canadian norms, 32.3% had an IQ of 80 or less, and 21.2% had an IQ of 75 or less. Most
notably, only 0.7% (2 individuals) obtained a FSIQ of 70 or less using American norms, whereas 9.7%
had IQ scores this low when Canadian norms were used. At the other end of the spectrum, 1.4% of the
students had FSIQ scores of 130 or more (gifted) when American norms were used, whereas only
0.3% were this high using Canadian norms.”
We can put these in a table and calculate the ratios:
IQ thresholdPercent USPercent
CAN
130
1.4
0.3
80
13.1
32.3
75
4.2
21.2
70
0.7
9.7

US/CANCAN/US
4.67
0.41
0.20
0.07

0.21
2.47
5.05
13.86

And we can also calculate the expected values based on the two populations (with means of 95.5 and
88) above:
IQ thresholdPercent USPercent
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130
80
75
70

1.07
15.07
8.59
4.46

CAN
0.26
29.69
19.31
11.51

4.12
0.51
0.44
0.39

0.24
1.97
2.25
2.58

This is fairly close right? The only outlier (in italic) is the much lower than expected value for <70 IQ
using US norms, perhaps a sampling error. But overall, this is a pretty good fit to the data. Perhaps we
have our explanation.
What about those (mis)classification values in their Table 2? Well, for similar reasons that I won’t
explain in detail, these are simply a function of the difference between the groups in that variable, e.g.
Cohen’s d. In fact, if we correlate the d vector and the “% within same classification” we get a
correlation of -.95 (-.96 using rank-orders).
MCV analysis
Incidentally, the d values report in their Table 1 are useful for using the method of correlated vectors. In
a previous study comparing US and Canadian IQ data, Dutton and Lynn (2014) compared WAIS-IV
standardization data. They found a mean difference of .31 d, or 4.65 IQ, which was reduced to 2.1 IQ if
the samples were matched on education, ethnicity and sex. An interesting thing was that the difference
between the countries was largest on the most g-loading subtests. When this happens, it is called a
Jensen effect (or that it has a positive Jensen coefficient, Kirkegaard 2014). The value in their study
was .83, which is on the high side (see e.g. te Nijenhuis et al, 2015).
I used the same loadings as used in their study (McFarland, 2013), and found a correlation of .24 (.35
with rank-order), substantially weaker.
Supplementary material
The R code and data files can be found in the Open Science Framework repository.
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Differences in human intelligence have long been a topic of debate among researchers and scholars. With the advent of the concept of g
factor or general intelligence, many researchers have argued that there are no significant sex differences in general intelligence,
although ability in particular types of intelligence does appear to vary. While some test batteries show slightly greater intelligence in
males, others show slightly greater intelligence in females. In particular, studies have shown female... Scenario simulation of the
malicious use of artificial intelligence and protection against related threats requires broad international cooperation and the creation of
special national andâ€¦Â This article analyzes new threats to international psychological security (IPS) posed by the malicious use of
artificial intelligence (MUAI) by aggressive actors in international relations and discusses international terrorism as such an actor.
Compared with the positive applications of AI, MUAI as related to security threats is a much less studied area. This study is based on a
system analysis. To identify the MUAI-related threats terrorist organizations pose, the authors actively used scenario analysis and, in
particular, case analysis. Holiday options are shaping up to be quite different, depending on whether youâ€™re vaccinated or not.
France is now exempting vaccinated travelers from Europe and zero-Covid countries from quarantine and testing.Â The hotel
quarantine could be scrapped sometime this summer, but only for fully vaccinated returning Canadians â€“ despite the fact that a
scientific expert panel advised the government to drop the hotel quarantine altogether. So, hassle-free travel to these countries and
others is almost fully dependent on vaccination, even though these same governments have so little faith in the jab itself that they still
require vaccinated travelers to be tested unless theyâ€™re coming in from a place where Covid-19 is so rare as to be virtually nonexistent. Systems that use artificial intelligence technologies are becoming increasingly autonomous in terms of the complexity of the
tasks they can perform, their potential impact on the world and the diminishing ability of humans to understand, predict and control their
functioning. Most people underestimate the real level of automation of these systems, which have the ability to learn from their own
experience and perform actions beyond the scope of those intended by their creators.Â Full version of the article. Systems that use
artificial intelligence technologies are becoming increasingly autonomous in terms of the complexity of the tasks they can perform, their
potential impact on the world and the diminishing ability of humans to understand, predict and control their functioning. In this
commentary I explain how mean differences between normal distributions give rise to different percentages of the populations being
above or below a given threshold, depending on where the threshold is. Introduction. â€œResearch uncovers flawed IQ scoring
systemâ€ is the headline on phys.org, which often posts news about research from other fields. It concerns a study by Harrison et al
(2015).Â Of course, this was hypothesized to be due to differences in ethnicity and educational achievement factors. However, this did
not quite work out, so Harrison et al decided to investigate it more (they had already done so in 2014).Â To find out, Harrison et al do a
thorough examination of various subgroups in various ways. No matter which age group they compare, the result wonâ€™t go away.

