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Abstract

Research examining various psychological correlates of circadian type (also known as diurnal
preference) has been, over the years, quite expansive. A notable omission within this research program
would appear a systematic exploration of the relation between intelligence and morningness±
eveningness. The present study redressed this imbalance. 420 participants performed two self-report
inventories assessing circadian type, as well as measures of intelligence from two psychometric batteries:
CAM-IV and the ASVAB. The results indicate that, contrary to conventional folk wisdom, evening-
types are more likely to have higher intelligence scores. This result is discussed in relation to current
theories concerning the nature of human cognitive abilities. # 1999 Elsevier Science Ltd. All rights
reserved.
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1. Introduction

The term `circadian' denotes: ``The near 24 h physiologic rhythm that has been observed
under free-running conditions, at every system level in nearly all plants and mammals, under
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near constant environmental conditions'' (Brown, 1982, p. 9)2. Within individual di�erences
approaches to this phenomenon, there is a stated assumption that there exists de®nite types
corresponding to diurnal preference (e.g. Kerkhof, 1985; Tankova, Adan, & Buela-Casal, 1994;
Roberts, Irvine, & Kyllonen, 1998). This notion has a long history with anecdotal evidence
deriving from a number of sources, including Johnson's purported ``love of lying till noon''
(Boswell, 1785/1961), to populist notions of the `early bird' (or `lark') and `night owl'.
Following the pioneering research of Kleitman (1939/1963) these propensities were formally
conceptualized as a trait, lying along a continuum, that has come to be known as the
morningness±eveningness (M±E) dimension.
In a major review of the literature examining individual di�erences in circadian types,

Tankova et al. (1994) report correlations between M±E and a host of variables, including:
gender, age, personality and drug (especially ca�eine) consumption. A surprising omission
from the list of psychological correlates of diurnal type reviewed by Tankova et al. was
cognitive ability variables. It is worth noting that there is a rather expansive literature
documenting so-called `time-of-day' e�ects on a number of cognitive processes (e.g. memory)
that are clearly central to intelligent behavior (for example, see Blake, 1967; Colquhoun, 1971;
Kelly, 1995). The initial question that we asked was whether the lack of research examining
correlations between diurnal preference and intelligence was an oversight of the otherwise
comprehensive Tankova et al. (1994) review or a real phenomenon.
A search of the PsycLIT (1998) database with `morningness', `eveningness', `diurnal type'

and `circadian' combined in all pair-wise combinations with `intelligence', `cognitive ability'
and `factors', failed to provide any hits that were appropriate to our concerns. We substituted,
where appropriate, terms signifying prominent measures of ability (e.g. `WAIS-R'), speci®c
intelligence constructs (e.g. `¯uid intelligence [Gf]') and measures of the M±E dimension (e.g.
`diurnal type scale') in various combinations, with a similar (negative) outcome. It would
appear that there has been no systematic attempt to examine relations between intelligence and
diurnal preference, although a folk psychology clearly exists suggesting otherwise (e.g. ``early to
bed, early to rise makes you healthy, wealthy and wise''). The aim of the present study was to
redress this imbalance., More formally, we sought to examine correlations between circadian
type and cognitive ability constructs since there would appear no information available on this
relation in the current literature.

2. Method

2.1. Participants

Participants were 420 (73 female) United States Air Force (USAF) recruits undergoing their
sixth week of basic training. The age of the sample ranged from 17 to 34 with a mean of 20.20
years (S.D.=2.30).

2 The term circadian comes from the Latin, circa+dies, about a day (see Halberg, Halberg, Barnum, & Bittner,
1959). In principle, however, these rhythms actually range from 22 to 28 h.
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It should be noted from the outset that this sample is especially interesting from the point of
view of their so-called chronobiology. Because all of the enlistees were some six weeks into
their training period, they had been exposed to homogenous sleep±wake cycles, dietary intake
and social constraints. Elsewhere each of these factors has been shown to in¯uence circadian
rhythms (e.g. see Costa, Lievore, Ferrari, & Ga�uri, 1987; Minors, Rabbitt, Worthington, &
Waterhouse, 1989). Moreover, because of the lengthy period of their training protocol, each
participant had time to phase shift their circadian rhythms to this newly imposed regime,
ruling out adjustment to phase-shift as a confounding variable in the experimental context.

2.2. Design

Participants completed two self-report measures of circadian type: the Morningness±
Eveningness Questionnaire (Horne & OÈ stberg, 1976) and the Composite Circadian Scale
(Smith, Reilly, & Midki�, 1989). For present purposes, these two tests were computerized and
were presented randomly at the beginning and end of the test session3. Information on
intelligence was obtained during the same session by having participants perform a selection of
tests from the Cognitive Abilities Measurement-Version IV (Kyllonen, 1994). Because each
member of the sample was selected according to his or her Armed Services Vocational
Aptitude Battery (ASVAB; US Department of Defense, 1984) score, informed consent to use
this information was also obtained4. A brief description of all tests used in the present
investigation follows.

2.3. Circadian measures

2.3.1. Morningness±Eveningness Questionnaire (MEQ)
The MEQ is composed of 19 self-report items. Each item required participants to denote the

degree to which they prefer de®nite morning (or evening) activities. For example: ``Assuming
adequate environmental conditions, how easy do you ®nd getting up in the mornings?'' (1, not
at all easy; 2, not very easy; 3, fairly easy; 4, very easy).

2.3.2. Composite Circadian Scale (CCS)
This 13 item-scale actually contains a mixture of items from the MEQ and the Diurnal Type

Scale developed by Torsvall and AÊ kerstedt (1980). To reduce methodological artifacts, Smith et

3 Note that due to administrative constraints placed on Air Force enlistees the circadian type questionnaires and

CAM-IV tests were administered to all participants during the morning (i.e. 8.00 a.m.±12.00 noon). This places eve-
ning types at something of a disadvantage because all evidence points to the fact that these time zones are outside
those in which they reach their performance peak (Kelly, 1995). ASVAB test scores, on the other hand, were ran-
domly obtained over the course of the day (a function of this tests widespread use in the selection context across the

USA (see, for example, Foley & Rucker, 1989)).
4 Because the Air Force is currently updating its methods of archiving ASVAB data, some 26% of participant's

records on this variable were missing by the time the investigation was complete. While there are a number of stat-

istical techniques for treating missing data, the sample size was considered su�ciently large to report the `uncor-
rected' correlations for each variable. The actual number of participants for which complete data were obtained in
each part of the study is given at the bottom of Table 2.
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al. (1989) modi®ed Likert-type responses from the former scale so that all items adhered to a
four- (or ®ve-) choice format. For example: ``Considering only your own `feeling best' rhythm,
at what time would you get up if you were entirely free to plan your day?'' (5=5.00 to 6.30
a.m.; 4=6.30 to 7.45 a.m.; 3=7.45 to 9.45 a.m.; 2=9.45 to 11.00 a.m.; 1=11.00 a.m. to 12
noon).

2.4. Armed Services Vocational Aptitude Battery (ASVAB)

The ASVAB is a multiple aptitude measure composed of the following ten sub-tests: general
science, arithmetic reasoning, word knowledge, paragraph comprehension, numerical
operations, coding speed, auto and shop information, mathematics knowledge, mechanical
comprehension and electrical information5. Although this test is not so well known outside the
USA, it is a particularly prominent psychometric instrument, widely implemented in a variety
of educational, selection and research settings (Murphy & Davidshofer, 1998)6. Indeed, within
contemporary psychology, it has been proclaimed that ``the ASVAB is representative of the
state of the art in multiple aptitude batteries'' (Ree & Carretta, 1995, p. 269). These features
suggest it to be a particularly e�cacious measure of cognitive abilities to include in the present
design.

2.5. Cognitive Abilities Measurement (Version IV) Battery (CAM-IV)

Kyllonen (1994) provides a detailed exposition of the CAM-IV battery and, in particular, the
conceptual framework upon which it is based (see also Kyllonen, 1986; Kyllonen & Christal,
1989). Perhaps the most important of the constructs assessed by CAM-IV are working
memory, processing speed and temporal processing. Although there are a number of measures
of each construct available to the researcher (e.g. at least nine indices of working memory and
processing speed) constraints on testing time dictated a judicious selection of tasks from within
the battery. Thus, working memory was assessed using the XYZ-assignment and four-term
ordering tasks of CAM-IV, while processing speed was measured using the X-assignment and
two-term ordering. A single measure of temporal processing (estimating clock time) was
employed.

5 Many sites on the Web give both descriptions of all sub-tests and sample items from the ASVAB. One such site
is <http://www.goarmy.com/asvab/testa.htm>
6 The ASVAB has been so in¯uential in educational guidance that a whole program is named after it (i.e. the

ASVAB Career Exploration Program; Defense Manpower Data Center, 1996). In the selection context, it is esti-
mated that performance on the ASVAB is a major determinant in the career choices of over 1.3 million young

Americans per annum (Kaplan & Saccuzzo, 1997, p. 365). In empirical instantiations, hundreds of studies, including
those forming the core data set of the Bell Curve (Herrnstein & Murray, 1994) are devoted to (or employ) the
ASVAB somewhere within their experimental design (Roberts & Go�, 1998).
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3. Results

3.1. Preliminary analysis: circadian measures

Reliabilities for both the MEQ and CCS were calculated using Cronbach's coe�cient alpha.
The values obtained (0.72 and 0.81, respectively) were within the expected range, being close to
those reported in earlier studies employing these instruments (see e.g. Neubauer, 1992;
Greenwood, 1994). However, a somewhat unexpected outcome was the rather high mean
scores obtained by the present group on each circadian scale: mean (MEQ)=54.36, mean
(CCS)=36.97 (S.D.=7.79 and 6.20, respectively). In fact, the present values are among the
highest reported in the extant literature (cf. Horne & OÈ stberg, 1976; Smith et al., 1989;
Neubauer, 1992). The magnitude of these scores indicates that the sample is predisposed
towards morningness. This ®nding is interpretable in light of the composition of the present
sample, which is plausibly self-selected on this dimension. In contrast, almost all previous
research had examined either university groups or individuals undergoing rotating shifts,
samples known to have a predilection towards evening behaviors (e.g. Mecacci & Zani, 1983).
In turn, this ®nding supports the suggestion of Kerkhof (1985, p. 86) that ``it is advisable to
adapt and validate the (circadian) questionnaire for the particular country or culture where its
use is considered''.
Elsewhere we report an exploratory factor analysis of each scale that resulted in a series of

rather interesting outcomes (see Roberts et al., 1998). With respect to the MEQ, it became
apparent that minimally three factors were actually being assessed: evening (a�ect), morning
(a�ect) and morning (e�ort). The correlation between the two morning factors was moderate
(0.44) while the correlation between both morning factors and evening (a�ect) was near zero.
Upon detailed examination of the literature, we discovered that this ®nding draws ready
parallels with two recent studies examining the MEQ (see Smith, Tisak, Bauman, & Green,
1991; Brown, 1993). Because we felt that the issue of the multidimensionality of diurnal
preference needed to be explored further, factor scores corresponding to three dimensions,
evening (a�ect), morning (a�ect) and morning (e�ort), were extracted from the MEQ7.
Exploratory factor analysis of the CCS, on the other hand, indicated two factors, a general

morningness construct and a factor dominated by a single item relating to evening activities.
This item asks: at what time of the evening do you feel tired and as a result in need of sleep?

7 The theoretical implications of this multidimensional structure are discussed fully in Roberts et al. (1998). Brie¯y,
we argue there that morningness and eveningness are better understood as two separate continua. In the model pro-

posed therein, high morning and low evening scores subsume classical notions of `morningness'. `Eveningness', on
the other hand, corresponds to high evening and low morning scores. Two other types are de®ned within this
model. High morning and high evening scorers correspond to what Roberts et al. (1998) label `energetic' types,
though these individuals may also be characterized as phase tolerant. Low evening and low morning scorers corre-

spond to `Languid' types (see, for example, Folkard, Monk, & Lobban, 1979). (Although as in the preceding
account they might also be characterized by their ability to adjust to circadian phase and therefore be labeled phase
intolerant). The reader may note parallels with Eysenckian theory (see, for example, Eysenck & Eysenck, 1964), par-

ticularly in terms of the hypothesized interaction between the dimensions of extraversion and neuroticism. We
refrain from applying this `new' model to the present data set because of our belief that eveningness is not well
de®ned by the MEQ (Roberts & Irvine, 1998).
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In light of this analysis and in the conviction that this scale could capture a general factor of
morningness, we removed this evening item from the scale. Resulting analyses are based,
therefore, on what we conceptualize as three lower-order factors of diurnal preference and a
general morningness construct (see Roberts et al., 1998).

3.2. Preliminary analyses: cognitive ability measures

Mean performance of participants on each of the CAM-IV and ASVAB sub-tests were
calculated, along with intercorrelations. In each case, this series of results (available from the
authors upon request) were similar to normative samples. Of course, it is possible to provide a
breakdown of the relation that each of the ®ve tests of CAM-IV and ten sub-tests of the
ASVAB share with circadian constructs. However, it seemed more expedient to report
correlations with composites, which are often cited in the literature. In the case of the ASVAB,
there are ®ve such scales: administration, electronics, general, mechanical and air force
qualifying (AFQT). These scales re¯ect various measures of practical utility in the selection
context. The last of these scales, the AFQT, is thought to provide a fallible index of the
general intelligence construct (i.e. psychometric g (e.g. see Stau�er, Ree, & Carretta, 1996)).
However, it has been argued that the AFQT is more likely as an index of acculturated abilities
(Roberts & Go�, 1998; Roberts, Pallier, & Go�, 1999). In the case of CAM-IV tests, measures
tapping more than one knowledge domain (e.g. verbal as opposed to spatial processes) are
thought to produce particularly valid measures of the underlying construct. Therefore,
measures were averaged across the two working memory and processing speed tasks. Note that
working memory is closer to the general (and, therefore, ¯uid) intelligence constructs than any
other cognitive ability measure forming the present battery (see Kyllonen & Christal, 1990).

Table 1
Means and standard deviations for the cognitive ability measures used in the investigation. (1) ASVAB composites
were formed by combining sub-tests in the following manner: (i) administration: word knowledge, paragraph com-

prehension, mathematics knowledge and coding speed; (ii) mechanical: arithmetic reasoning, mechanical comprehen-
sion, auto and shop information and electronics information; (iii) electronics: arithmetic reasoning, mathematics
knowledge, electronics information and science; (iv) general: word knowledge, paragraph comprehension, arithmetic
reasoning and mechanical comprehension; (v) AFQT: word knowledge, paragraph comprehension, arithmetic

reasoning and mathematics knowledge (see Herrnstein and Murray, 1994, pp. 579±592 for a detailed exposition of
technical issues related to this measure). (2) The dependent variable in the processing speed and temporal processing
tasks was time (measured in ms). In the working memory tasks, the score re¯ects percentage correct

Cognitive ability score Mean S.D.

ASVAB administration 69.19 19.94
ASVAB electronics 63.56 17.37
ASVAB general 62.74 17.72

ASVAB mechanical 56.67 22.04
Air force qualifying 219.21 16.67
Processing speed 2049.11 411.62
Temporal processing 7288.45 734.70

Working memory 78.84 12.92
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Means and standard deviations for the ®ve ASVAB and three CAM-IV composites are
reproduced in Table 1. Note that the mean of the ASVAB normative sample on any one of the
occupational composites is 50 (S.D.=10) (see Foley & Rucker, 1989). In other words, the
present sample has performed above average on the ASVAB tests. There are two explanations
for this occurrence. The ®rst is that the ASVAB, like many other cognitive ability measures, is
likely subject to item drift, encapsulated within the so-called Flynn e�ect (Flynn, 1984, 1987).
The other is that the USAF has in times of (relative) global peace and technological advances
reduced the number of its personnel (Hammer, 1997), thereby resulting in more stringent
selection criteria. Consistent with both propositions is the fact that means and standard
deviations for ASVAB normative composites were obtained from the 1980 American Youth
Population (Foley & Rucker, 1989). Nevertheless, the values obtained on the CAM-IV
measures are close to those reported in various validation studies conducted by the USAF
Research Laboratory on this battery using similar participants (see, for example, Go�, Sawin,
& Earles, 1997).

3.3. Correlations between circadian type and intelligence measures

The correlations that the ASVAB composites, working memory, processing speed and
temporal processing indices share with the three lower-order circadian factors and general
morningness (CCS-R) construct are presented in Table 2. Inspection of Table 2 reveals a
particularly striking outcome, the cognitive ability measures consistently share low to moderate
(and interpretable) correlation with the circadian indices8. Given that the morning scales have
been scored in such a way that higher scores indicate a greater predisposition towards morning
behaviors and that the evening scale has been re¯ected, it would appear that evening-types are
likely to be more intelligent. This outcome happens to hold true for disparate cognitive
capabilities (e.g. acculturated intelligence versus working memory) and various factors of
circadian type (aligned, as they are, on two strata).

4. Discussion

The correlations reported in Table 2, while not large, are worth noting for the consistency
with which they are manifest across disparate measures of cognitive processing and di�erent
factors of M±E. In general, these results indicate individuals high in eveningness are more
likely to do well on measures of memory, processing speed and so forth, even when these
cognitive tasks are performed during the morning. Further, the construct that would appear
closest conceptually to general intelligence (i.e. working memory) shares the highest correlation
with circadian measures, including a signi®cant correlation with the general morningness
factor. Finally, the highest correlations found with respective circadian measures occurs in a

8 Scores on the two time-related constructs (i.e. processing speed and temporal processing) have been re¯ected in
order to facilitate interpretation. Therefore, the moderate correlations observed with respect to these measures is
consistent with the general premise of better performance manifesting itself in evening-types.
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construct that we have designated morning (e�ort), arguably supporting the importance of
considering these lower-order factors of diurnal preference.

Three pieces of evidence from the wider psychological literature are worth noting, as they
would appear to converge with the present ®ndings. Firstly, as mentioned earlier in the paper,
researchers have consistently reported that university students are biased towards the evening
dimension. The present ®nding would appear interpretable in light of the fact that entry to
higher education is contingent on superior cognitive capabilities. Secondly, it has been noted
that the relation between age and circadian type is particularly robust, age is positively
associated with morningness (e.g. see Kerkhof, 1985; Tankova et al., 1994). It has been
suggested that this relation is the result of the circadian system pushing the individual towards
a morning-type orientation with advancing age (e.g. see Monk et al., 1991). It would appear
consequential that there is also an expansive literature documenting the decline of cognitive
abilities with advancing age (e.g. Horn & Hofer, 1992). Finally, almost all models of cognitive
ability suggest that the individual's ability to adapt to their environment is the de®ning feature
of high intelligence (e.g. Sternberg, 1985). Within the literature on circadian rhythms, a now
classic article by Richter (1977) argues that control of ®re for lighting changed human activity
forever and increased survivability beyond that of other animals. Under this premise, it would
not seem too fanciful to argue that those able to adapt to evening schedules were among the
®ttest of the emerging Homo sapiens.

Each of the above explanations would seem to suggest that the correlations reported herein
are very much attenuated by restrictions in range on variables such as age and intelligence.
Indeed, the circadian type construct might also be restricted in range for the present sample.
As a reviewer of this paper pointed out, almost all earlier studies examining M±E were
conducted with university students, who might be less restricted in range on the M±E

Table 2
Correlations of various intelligence and cognitive processing composites with the various circadian measures exam-

ined in the investigation. (1) Scores on the evening (a�ect) dimension have been re¯ected in order to facilitate in-
terpretation (i.e. high scores indicate a predisposition towards eveningness). (2) N = 310 for ASVAB data, N = 419
for all CAM-IV tests. ��p< 0.01, �p< 0.05

Correlation with:

evening (a�ect) morning (a�ect) morning (e�ort) CCS-R total

Cognitive ability score

ASVAB administration 0.03 ÿ0.10� ÿ0.09 ÿ0.07
ASVAB electronics 0.11� ÿ0.11� ÿ0.13�� ÿ0.04
ASVAB general 0.12� ÿ0.14�� ÿ0.15�� ÿ0.06
ASVAB mechanical 0.12� ÿ0.03 ÿ0.07 0.04

Air force qualifying 0.11� ÿ0.12� ÿ0.14�� ÿ0.05

Processing speed 0.10� ÿ0.11� ÿ0.14�� ÿ0.10�
Temporal processing 0.16�� ÿ0.03 ÿ0.09 ÿ0.02
Working memory 0.14�� ÿ0.14�� ÿ0.19�� ÿ0.14��
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dimension. Nevertheless, it is worth noting that students (perhaps more than any other social
group) are atypical, they can actually choose their work time to match their diurnal preference
(albeit for a rather short period of their life). Moreover, whether or not students represent
better samples to test theories of circadian type seems a moot point because in most accounts
M±E has been viewed as a trait.
The present results are obviously in need of replication, not least because, in the course of

the present study we became concerned with various properties of the instruments that we
employed to assess diurnal preference. Elsewhere we note that while the psychometric
properties of the MEQ and CCS are adequate as a whole (especially when compared to others
found in the literature), there are several problematic items (see Roberts et al., 1998).
Furthermore, as alluded to earlier, the precise conditions under which cut-o� scores should be
employed across samples is uncertain, rendering the most often used aspect of these scales,
identi®cation of extreme types, highly problematic. These shortcomings are compounded from
the point of view of test construction, current instruments do not employ a ®xed scale and are
clumsily worded. We are presently engaged in designing and validating a new instrument that
would allay these criticisms and in the process, provide a more rigorous test of the current
hypothesis (Roberts & Irvine, 1998).
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