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The Minnesota Study of Twins Reared Apart (MISTRA) was initiated in 1979 and continued
until 2000. It consisted of 139 pairs of twins who had been separated in early childhood and not
re-united until adulthood, andmembers of their families. As part of a broader assessment, these
participants completed 42 mental ability tests from three well-known test batteries. In this
article, we present some background on the sample and tests and the correlation matrix of test
scores, for the use of other researchers. As in all science, however, replication across samples of
both tests and participants remains key to the development of ideas about mental ability.
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Human mental abilities are multi-faceted, and many
different kinds of tests have been developed to assess them.
As Spearman (1904) noted, scores on these different kinds of
tests tend to be correlated, but the correlations are always far
from complete. The less-than-perfect correlations reflect more
than just measurement error or assessment method: different
kinds of mental ability tests tap different kinds of specific
abilities that different peoplemanifest to varying degrees. Thus
comprehensive assessment of mental ability and investigation
of its structure in thepopulation requiresmeasurementof some
sample of the different kinds of abilities. As with all sampling,
the larger and broader the sample, the more precise and
accurate will be the estimates based on it.

Testing takes time and resources and the cooperation of
participants. Researchers, even those specifically interested in
the structure of mental ability, often must make do with single
tests intended to tap different aspects of ability simultaneously,

such as the Raven, or with just a few tests of more specific
abilities that are selectedwith thehopeof spanning the range of
relevant abilities. Every once in awhile, however, a truly broad-
based assessment ofmental ability tests is carried out in a single
group of participants. Noteworthy examples of this include
Thurstone and Thurstone's (1941) sample of 60 mental ability
tests administered to 710 Chicago-area adolescents, de Wolff
and Buiten's (1963) sample of 46 tests from five batteries
administered to 500 Dutch seamen, Project Talent's sample of
22–63 (depending on degree to which scores are composited)
aptitude and achievement tests to almost 400,000 high school
students (Flanagan, Dailey, Shaycoft, Orr, & Goldberg, 1962),
and the Minnesota Study of Twins Reared Apart's (MISTRA;
Bouchard, Lykken, McGue, Segal, & Tellegen 1990; Segal 2000)
sample of 42 mental ability tests.

These samples are important, for they provide near-unique
opportunities to survey the structure of ability in great detail.
For example, Carroll (1993) carried out a massive, systematic,
and very detailed analysis of more than 460 datasets to put
together a proposedmodel of cognitive ability, buthepiecedhis
conclusions together by working across many rather small
collectionsof tests administered tomanydifferent collectionsof
participants. If recent work (Johnson & Bouchard 2005a;
Johnson & Bouchard 2005b; Johnson, te Nijenhuis, & Bouchard
2007) with some of these larger collections of tests in single
samples is any indication, the necessity of piecing together the
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full range of abilities from much smaller distinct samples may
have blinded him to a conflation of verbal with crystallized and
spatial with fluid abilities that continues to muddy rather than
clarify the literature.

No single scientific study can be conclusive, due to
measurement error, random sampling fluctuations (perhaps
especially winners curse), violations of assumptions under-
lying methods of data analysis, and unforeseen effects of
specific conditions of assessment (Schmidt 2010). This is
especially true in an area such as investigation of the structure
of mental ability. There are several reasons for the particular
difficulty in the investigation of the structure of mental
ability, all of which relate to factor analysis, the primary
method of analysis that has been used, whether in its
confirmatory or exploratory forms. First, for all their quanti-
tative natures, both forms requiremany subjective judgments
for implementation. Second, results from factor analysis are
highly dependent on the contents of the variables. If some
constructs are measured in great detail with many variables
and others are measured only in summary fashion, the
constructs measured in detail will generate strong factors
that make rather subtle distinctions, while the constructs
measured only in summary will generate weaker and more
general factors. Third, results are also dependent on the par-
ticipant sample. If the range of abilities in the sample is too
narrow in some or all areas, factor analysis will not generate
factors that may be important in the population at large.
Finally and most importantly, factor analysis cannot help to
resolve questions of direction of causation. Factors may
represent either latent causal or emergent resultant variables
equally well (Bartholomew 2004; Van der Maas et al., 2006).

Because no single scientific study can be conclusive,
replication is crucial. Unfortunately, psychology is riddled
with reports of effects that do not replicate (e.g., Pietschnig,
Voracek, & Forman 2010). The problem is not limited to
psychology, but pervadesmany other sciences as well (Fanelli
2010; Ionnidis 2005; Vinels 2009). Though there are many
social reasons for these failures, one major implication of it is
that replication carries most weight when it is carried out
constructively (Lykken 1968). That is, we should be most
ready to reassess our prior beliefs on a subject when several
different studies using different samples and different
procedures and relying upon different sets of assumptions
all suggest in the same general way that our prior beliefs may
have been unfounded. Thus, the work with the large datasets
showing what may be inaccuracies in Carroll's (1993)
summary model stands not on the details of the analysis in
any one dataset, but on the consistency of results across the
datasets in which the question has been investigated.
Moreover, even failures to replicate are important, as they
can generate understanding of the conditions limiting the
original observations and thus suggest the necessary mod-
ifications to theoretical interpretations. For example, using
the MISTRA mental ability tests, Johnson, Bouchard, Krueger,
McGue, and Gottesman (2004) showed that correlations
among g factors from the three test batteries completed by
the participants were .99, .99, and 1.00. Replication in the five
test batteries completed by the Dutch seamen (Johnson, te
Nijenhuis, & Bouchard 2008) suggested the limitations of this
observation: the one battery that consisted only of four tests
that had one single, very similar format generated a g factor

that was correlated as low as .77 and .79 with the g factors
from two of the other batteries, and .88 with another. The
other g-correlations among the five batteries, however,
ranged from .95 to 1.00.

The purpose of this paper is to make the MISTRA dataset
available to other researchers so that it can be used both to
generate new ways of thinking about mental ability and to
attempt to replicate findings generated in other datasets.

1. Method

1.1. Research participants

The MISTRA participants were gathered through a variety
of sources over a period of many years. They came from a
broad range of socioeconomic backgrounds and occupations,
and most lived in North America, Great Britain, and Australia.
They ranged in age from 18 to 79 years, and in education from
less than high school to post-graduate experience. The pairs
of reared-apart twins formed the heart of the sample. In most
cases, they had been separated early in life, reared in adoptive
families, and not re-united until adulthood. In addition to the
twins, the sample included some of their spouses, adoptive
and biological family members, partners, and friends. In total,
127 twin pairs, 2 sets of triplets, 116 spouses of twins, and 57
other family members contributed mental ability scores (186
males, 247 females).1 They did so while participating in a
week-long assessment of medical, physical, and psychological
traits in addition to mental abilities such as personality,
interests, and attitudes. Most of the mental ability tests were
administered in sessions lasting 60 to 90 min spread
throughout the assessment week. Some individuals were
tested twice, 8–10 years after the first assessment. When this
was the case, we used scores from the first assessment.

1.2. Measures

The participants completed 3 well-known mental ability
test batteries. They are summarized in Table 1, and further
details on each follow.

1.2.1. Comprehensive Ability Battery (CAB)
The CAB (Hakstian & Cattell 1975) consists of 20 brief

(5–6 min each) tests developed to measure a broad range of
generally accepted specific abilities. To make maximal use of
available time, avoid task duplication, and keep the focus on
mental ability, 6 of the 20 tests in the CAB were omitted
(Auditory Ability, Originality, Representational Drawing, Aim-
ing, Spontaneous Flexibility, and Ideational Fluency). In addition,
because we deemed it not directly related to mental ability, we
did not include the test of Esthetic Judgment in the data
presented here. As the Verbal Ability Test consists of two
completely different tasks, we considered scores on these two
parts separately, producing a total of 14 scores. Hakstian and
Cattell (1978) reported split-half and test-retest reliabilities for

1 This differs by one twin pair from participant information reported
previously because one twin pair, age 11, and one spouse duplication were
included in those analyses. These data have been excluded here. They did
not affect prior results and we wished to limit the data for general analysis
to adults.
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the tests ranging from .64 for Perceptual Speed and Accuracy to
.96 for Memory Span.

1.2.2. The Hawaii Battery, including Raven's progressive
matrices (HB)

The HB (DeFries et al., 1974; Kuse 1977) consists of 15 tests
of specific abilities that each require 3–10 min to administer.
The battery was developed to assess familial resemblance in
mental ability in theHawaii Family Study of Cognition. To avoid
test duplication and maintain focus on cognitive abilities, two
tests (Number Comparison and Social Perception) in the
batterywere omitted. To provide clearer articulation of abilities
thought likely to be important, four tests from the Educational
Testing Service (Ekstrom, French, Harman, & Dermen 1976)
were added (Cubes and Paper Folding for spatial ability,
Identical Pictures for perceptual speed and accuracy, and
Different Uses for verbal fluency), for a total of 17 tests. This

battery included a shortened version of the Raven (Raven
1941), administered via slideswithout time restriction (Lykken
1982). Internal consistency and test-retest reliabilities for the
tests ranged from .58 for Immediate Visual Memory to .96 for
Vocabulary (DeFries et al., 1974).

1.2.3. The Wechsler Adult Intelligence Scale (WAIS)
The WAIS (Wechsler 1955) consists of 11 tests involving

both abstract reasoning and the ability to handle practical
situations requiring verbal articulation of reasoning based on
factual knowledge. Internal consistency reliabilities range from
.79 for Comprehension to .94 forVocabulary (Wechsler 1955). In
theMISTRA sample, averageWAIS full-scale IQwas 109.7 (range
79–140), with standard deviation of 11.8, normed at the 1955
level. Jensen (1998, page 319) summarized the average rate of
secular change in IQ since 1955; adjusted for this change, the
average WAIS full-scale IQ for the sample was 101.3 (range

Table 1
Tests included in the 3 batteries.

Test Assessment activity

Comprehensive Ability Battery
1. Numerical ability Computations including fractions, decimal divisions, square roots, etc.
2. Spatial ability Interpretation of 2-dimensional figural rotation or reversal.
3. Memory span Recall of digits presented aurally.
4. Flexibility of closure Identification of embedded figures.
5. Mechanical ability Identification of mechanical principles and tools.
6. Speed of closure Completion of gestalt.
7. Perceptual speed Evaluation of symbol pairs.
8. Word fluency Production of anagrams.
9. Inductive reasoning Identification of pattern in sequences of letter sets.
10. Associative memory Rote memorization of meaningless pairings.
11. Meaningful memory Rote memorization of meaningful pairings.
12. Verbal—vocabulary Multiple choice among possible synonyms.
13. Verbal—proverbs Interpretation of proverbs.
14. Spelling Multiple-choice identification of misspellings.

Hawaii Battery with Raven
15. Card rotations Matching of rotated alternatives to probe.
16. Mental rotation Identification of rotated versions of 2-dimensional prepresentation of 3-dimensional objects.
17. Paper form board Outline of cutting instructions to form the target figure.
18. Hidden patterns Identification of probe figures in more complex patterns.
19. Cubes Identification of matched figures after rotation.
20. Paper folding Identification of unfolded version of a folded probe.
21. Raven Identification of analogous figure to follow a sequence of figures.
22. Vocabulary Multiple choice among possible meanings.
23. Subtraction/multiplication Completion of 2-digit subtractions and 2-digit by 1-digit multiplications.
24. Word Beginnings/endings Generation of words beginning and ending with specified letters.
25. Pedigrees Identification of familial relationships within a family tree.
26. Things categories Generation of things that share assigned characteristics.
27. Different uses Generation of novel uses for specified objects.
28. Immediate visual memory Recall of illustrations of common objects immediately following presentation.
29. Delayed visual memory Recall of illustrations of same common objects after delay.
30. Lines and dots Trace of a path through a grid of dots.
31. Identical pictures Identification of alternative identical to probe.

Wechsler Adult Intelligence Scale
32. Information Recall of factual knowledge.
33. Comprehension Explanation of practical circumstances.
34. Vocabulary Free definition.
35. Coding Identification of symbol-number pairings.
36. Arithmetic Mental calculation of problems presented verbally.
37. Similarities Explanation of likenesses between objects or concepts.
38. Digit span Recall of spans of digits presented aurally, both forwards and backwards.
39. Picture completion Identification of parts missing in pictures of common objects.
40. Block design Reproduction of 2-dimensional designs using 3-dimensional blocks.
41. Picture arrangement Chronological sequencing of pictures.
42. Object assembly Reassembly of cut-up figures.
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61.1–139.9), with standard deviation of 14.8. Because IQ was
positively correlated with age in this sample, the adjustment
increased the standard deviation.

1.2.4. Statistical analysis
We adjusted all test scores for the effects of age, age2, sex,

age x sex, and age2×sex by regressing them on these terms
and saving the standardized residuals. Because there were
small amounts of ignorable missing data, we used maximum
likelihood estimation to produce the variance–covariance
and correlation matrices of test scores. We recognized the
biological relationships between members of twin pairs
using the sandwich estimator as implemented in Mplus 6.0
(Asparouhouv 2005) (Muthen & Muthen 1998–2010). This
reflects a technological advance since preparation of the
analyses in Johnson and Bouchard (2005a); thus, the
variance-covariance matrix presented here is very similar

but not identical to the one we used then. Failure to reflect
these relationships has little effect on parameter estimates in
models using these data, though it tends to inflate indices of
model fit (McGue, Wette, & Rao 1984). In our prior studies
using these data without adjustment for these relationships,
we verified the results presented by repeating the analyses in
data files excluding one member of each twin pair.

2. Results

Table 2 shows the correlation matrix. Electronic versions
of both the correlation and covariance matrices are available
as supplementary material on the Elsevier Intelligence web-
site or at www.ISIRonline.org. The matrices there are format-
ted in plain text using scientific notation and include the
principal diagonals and the upper triangular portions. They
may be read in a word processor (e.g., Word Pad) or imported

Notes to Table 2:
1. CAB vocabulary

2. CAB proverbs

3. CAB spelling

4. HB vocabulary

5. WAIS information

6. WAIS comprehension

7. WAIS vocabulary

8. WAIS similarities

9. HB pedigrees

10. HB raven

11. HB things categories

12. HB different uses

13. WAIS picture completion

14. WAIS picture arrangement

15. WAIS object assembly

16. CAB memory span

17. CAB speed of closure

18. CAB word fluency

19. HB word beginnings/endings

20. WAIS digit span

21. CAB associative memory

22. CAB meaningful memory

23. HB immediate visual memory

24. HB delayed visual memory

25. CAB perceptual speed

26. HB identical pictures

27. HB card rotation

28. HB cubes

29. CAB numerical ability

30. HB subtraction/multiplication

31. HB lines and dots

32. WAIS digit symbol

33. WAIS arithmetic

34. CAB spatial ability

35. Flexibility of closure

36. CAB mechanical ability

37. CAB inductive reasoning

38. HB mental rotation

39. HB paper formboard

40. HB hidden patterns

41. HB paper folding

42. WAIS block design
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into a spreadsheet (e.g., Excel). If you have difficulty opening
them, save the file, right click on the file name, select
“Properties,”and change the program used to open them.
Scientific notation can be removed in Excel by formatting as
numbers with 8 digits beyond the decimal point.

3. Discussion

As in any analysis, best use of these data will be made if
researchers have some background on the reasons for the
selection of the tests. The CAB was chosen because it was
developed specifically to operationalize the Cattell/Horn fluid
and crystallized model of intelligence and the theory
predicted that these two factors had different heritabilities.
Additionally the theory predicted that there was no g factor.
These three tenets were testable given the twin data being
gathered in MISTRA. The Hawaii Battery was chosen because
it represented the Spearman/Vernon tradition of sampling a
very wide array of measures of mental ability and, within that
tradition, was not driven by a particular factor model. The
WAIS was chosen for four reasons. First, it represented what
might be called the “American Clinical Tradition” and thus
what works best in the individual testing situation rather
than a theoretical or factorial model. Second, it is individually
rather than group administered and we wished to have
different test administrators test each of the twins in the
study in order to avoid claims of tester bias. Third, it was then
and still is widely considered to be the gold standard of IQ
testing, having been in use for many years and having
undergone refinement based on use by thousands of
clinicians. Fourth, the array of tests differed considerably
from those in the other batteries, in part because they were
individually administered, and this increased the diversity of
tests overall. The Hawaii Battery was supplemented with
spatial ability tests because at the time MISTRA was initiated
Bouchard and his students had a special interest in spatial
ability. They considered it an important and under-explored
domain (see Bouchard & McGee 1977; McGee 1979). That
intuition has turned out to be correct as demonstrated by the
work of Lubinski (2010), who took Bouchard's Individual
Differences course at that time.

Supplementary materials related to this article can be
found online at doi:10.1016/j.intell.2011.02.010.
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