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Calendar calculating in savants with autism and
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Background. Calendar calculation is the ability to quickly name the day that a given date falls on. Previous research
has suggested that savant calendar calculation is based on rote memory and the use of rule-based arithmetic skills.
The objective of this study was to identify the cognitive processes that distinguish calendar calculation in savant
individuals from healthy calendar calculators.

Method. Savant calendar calculators with autism (ACC, n=3), healthy calendar calculators (HCC, n=3), non-savant
subjects with autism (1=6) and healthy calendar calculator laymen (1=18) were included in the study. All
participants calculated dates of the present (current month). In addition, ACC and HCC also calculated dates of the
past and future 50 years.

Results. ACC showed shorter reaction times and fewer errors than HCC and non-savant subjects with autism, and
significantly fewer errors than healthy calendar calculator laymen when calculating dates of the present. Moreover,
ACC performed faster and more accurate than HCC regarding past dates. However, no differences between ACC
and HCC were detected for future date calculation.

Conclusions. The findings may imply distinct calendar calculation strategies in ACC and HCC, with HCC relying on
calendar regularities for all types of dates and an involvement of (rote) memory in ACC when processing dates of the
past and the present.
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Introduction There is a rich history of anecdotal reports on savant
CC (Down, 1887 ; Binet, 1894; Tredgold, 1914 ; Horwitz
et al. 1965; Hill, 1975). They show a considerable in-
terindividual variation of performance and CC span
from years (Rubin & Monaghan, 1965) to millenniums
(Horwitz et al. 1969; Sacks, 1985). Although occasional
cases of CC onset under the age of 8 years have been
reported (O’Connor & Hermelin, 1992), most CC skills
seem to appear between the ages of 8 and 15 years. CC
is frequently accompanied by other savant talents,
among them outstanding musical performance (Judd,
1988).

The mechanisms underlying CC skills are still
poorly understood. Self-reports by savants have not
yielded testable hypotheses (Horwitz et al. 1969;
Rosen, 1981). Aside from the hypothesis of eidetic
imagery (e.g. Jones, 1926) being ruled out by a blind
CC (Rubin & Monaghan, 1965), approaches may be

classified in usage of ‘unique memory’ (Spitz &
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Calendar calculating (CC) is the ability to swiftly name
the weekday given any date. The ability is viewed as a
savant syndrome phenomenon, but is also observed in
typically developed mathematicians. The savant syn-
drome is a condition of mental or sensory disability
paired with an outstanding capacity in a circum-
scribed domain of intellectual or artistic function
(Bolte & Poustka, 2004). Despite the classical definition
of all savants being mentally retarded (Down, 1887),
intelligence quotient (IQ) can vary between profound
mental retardation and normal cognitive function with
a peak in the area of borderline normal IQ. While the
population prevalence of the savant syndrome is
around 0.6% in mental retardation (Hill, 1977),
Rimland (1978) reports a rate of 9.8 % in autism.
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Table 1. Sample characteristics of ACC and HCC

Subject Age Onset of CC duration
initials Group Sex 1Q (years) CC (years) (years)

P.H. ACC Male 124 38 10 28

M.R. ACC Male - 34 7 27

M.S. ACC Male 110 24 5 19

D.B. HCC Male 124 38 37 1

R.P. HCC Female 112 57 33 23

UsS. HCC Male 124 54 10 43

ACC, Savant calendar calculators with autism; HCC, healthy calendar

calculators; IQ, intelligence quotient; CC, calendar calculating.

to account for savant CC. Rote memory is a technique
which avoids grasping the inner complexities and in-
ferences of the subject that is being learnt and instead
focuses on memorizing the material mechanically, so
that it can be recalled by the learner exactly the way
it was read or heard. O’Connor & Hermelin (1984)
found that error rates and response times increased
linearly for past dates and temporal remoteness to
present dates, suggesting a better recall of experienced
or recently used day-to-date assignments. However,
they also observed a similar pattern for future dates.
Thus, retrieval of information stored in a mechanical
memory system may not be able to fully explain CC
(O’Connor & Hermelin, 1984; Young & Nettelbeck,
1994). The application of rules which govern the
structure of the Gregorian calendar might be an ad-
ditional factor in CC (Hermelin & O’Connor, 1986; Ho
et al. 1991; Young & Nettelbeck, 1994). Spitz (1994)
demonstrated that the use of rule-based algorithms led
to correct day-to-date solutions. Nevertheless, math-
ematical algorithms may not explain an increased
difficulty for leap years or the ability to answer reverse
questions (‘In which year does November the 6th fall
on a Wednesday?’), for which an algorithm cannot
be applied without a complex modification of the
formula (Young & Nettelbeck, 1994). Because savant
CC almost exclusively fail on even simple arithmetic
tasks and exhibit extremely short response latencies,
the use of an algorithm appears implausible (Horwitz
et al. 1965, 1969).

In conclusion, many questions regarding the roots
of savant CC remain unanswered. The objective of
the present study was to compare savant and ‘normal”
CC in order to determine similarities and differences
between respective performances and thereby extract
savant-specific mechanisms. We hypothesized the
following: first, rote memory functions discriminate
between CC in savants and healthy calendar calcula-
tors (HCC). If this is true, then autistic calendar cal-
culators (ACC) should exhibit superior performance
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to HCC when calculating past and present dates, but
not future dates. Second, based on the results of Miller
(1987) and O’Connor & Hermelin (1992) we postulated
that intense practice cannot account for the perfor-
mances of ACC. So we predict, that even after inten-
sive practice, the performance of HCC will not be
comparable with that of ACC. Third, in line with
findings by Hill (1975) and Rosen (1981), we expected
patterns of results indicating a dependency of the
behavioural performance on calendar variables (e.g.
month-ten-day section, month, year), and therefore
the usage of anchor dates (memory of specific dates
from which can be calculated back and forth) in ACC.
Fourth, owing to the work by O’Connor & Hermelin
(1984) we predicted error rates and response times to
increase linearly with the remoteness to dates of the
present in ACC.

Method
Participants

CC was examined in four groups: three ACC, six
non-savant individuals with autism (A), three HCC
and 18 healthy CC laymen (H). The sample sizes were
determined by the availability of ACC and HCC. ACC
and HCC sample characteristics are summarized in
Table 1. The groups of ACC and A were recruited
in cooperation with the Department of Child and
Adolescent Psychiatry and Psychotherapy of J. W.
Goethe University (Frankfurt, Germany). They ful-
filled the International Classification of Diseases
(ICD)-10 research criteria for the disorder (F84.0) as
well as the autism algorithm cut-offs using the
German versions of the Autism Diagnostic Interview —
Revised (Bolte et al. 2006) and the Autism Diagnostic
Observation Schedule (Riihl et al. 2004). The three
ACC were all male; IQ data were available for two of
these participants. The A group consisted of five
males and one female. Their age varied between 9 and
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35 years with a mean of 19.7 years (s.0.=9.7 years),
their IQ between 100 and 130 with a mean of 119.2
years (s.0.=10.4 years). Individuals with autism re-
ceived a non-monetary gift for their participation.

HCC were recruited through a summons of the
Swiss television channel SF1 in the context of a scien-
tific telecast. There were one female and two male
participants in this sample (see Table 1). Members of
the H group were recruited by personal contact.
Sixteen were male and two female, with a mean age of
28.3 years (s.0.=12.3 years), and a mean IQ of 119.67
(s.0.=6.7). Participants in this group were compen-
sated for their participation in the study (€8 per h,
total duration 5 h).

Handedness was accessed using the Edinburgh
Handedness Inventory (Oldfield, 1971), non-verbal in-
telligence using the Standard Progressive Matrices
(Raven et al. 1979). Several subscales from the Wechsler
Memory Scale — Revised (WMS-R; Wechsler, 1987),
Wechsler Intelligence Scales for Adults — Revised
(Tewes, 1994) and Learning and Memory Test-3
(Baumler, 1974) were administered to check for differ-
ences on psychometric memory tests.

The study was approved by the Ethical Committee
of the University of Tiibingen Medical School. In-
formed consent was collected from all participants,
parents or caregivers.

Tasks and procedure

All participants were examined at the magnetoen-
cephalography (MEG) laboratory of Eberhard Karls
University (Tiibingen, Germany). Two types of tasks
were generated for this study: CC tasks and pseudo-
date tasks. In the CC tasks participants had to decide
whether date-to-day assignments were correct or not
(e.g. 6 November 1974 =Thursday?). A total of 126 CC
tasks were presented: 42 tasks for current dates
(October 2003), 42 for past dates (1950-1999) and 42 for
future dates (2003-2050). In all of the three time peri-
ods each weekday occurred six times. Tasks for cur-
rent CC comprised all 31 days of October 2003 plus 11
date repetitions. To control for dependencies of the
behavioural performance on different calendar vari-
ables, for past and future CC tasks, dates were also
counterbalanced regarding the week and the decade
of the month they belonged to (month-seven-day
sections/month-ten-day sections), the month (January
to December) and the decade of years they belonged to
(10-year intervals). The ACC and HCC group were
presented CC tasks for all time periods, whereas the A
and the H group only processed tasks for current
dates. An anchor date was given to the A and the H
group from which they could calculate backwards and
forwards.
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In the pseudodate task subjects had to decide whe-
ther the letters written in the middle of a pseudodate
were the same as quoted in the proffered answer (e.g.
13th YYYY 1986=YYYY?—yes wversus 13th YYYY
1986 = 7777 —no). This task was introduced to control
for the visual load as well as general demands on
working memory in terms of the two-choice paradigm
and problems of ACC to solve simple tasks. Forty-two
pseudodate control tasks were used in the study.

All tasks were presented on a white screen at a
distance of 92 cm at a vertical visual angle of 1.245°
and a horizontal visual angle of maximum 6.203°. CC
tasks and pseudodate tasks were displayed in random
order with no more than four of each type of task in a
row. Each task was indicated by the presentation of a
fixation cross that lasted 1s. Participants had to an-
swer the tasks by pressing a button as fast and as cor-
rect as possible using their right and left index finger,
respectively, whereas the assignment was counter-
balanced across subjects. Tasks were shown for a
maximum of 15 s. The interval between the each task
varied between 2.2 and 2.5 s. The maximum duration
of the session was about 10 min for the A and H
groups and 35 min for the ACC and HCC groups.

A structured questionnaire was generated to ex-
plore underlying strategies, knowledge concerning
calendar regularities and sciences, CC span, onset of
CC and CC duration in ACC and HCC. Moreover,
information was gathered on mathematical school
attainment and savant abilities other than CC.
Questionnaire data was collected directly after CC
task performance.

Statistics

Reaction time and percentage correct responses (PCR)
were recorded as dependent variables of CC task
performance. Groups’ results concerning current
dates were compared with a two-way simultaneous
ANOVA, with type of task (CC versus pseudodate
task) as the within-subject factor and group (ACC, A,
HCC, H) as the between-subject factor. For the com-
parisons between the ACC and HCC groups, an ad-
ditional two way ANOVA including time (current
dates, past dates, future dates) as the within-subject
factor and group (ACC, HCC) as the between-subject
factor was carried out. Hence, current dates were in-
cluded in both variance analytic plans in order to
compare the results for current dates and the pseudo-
date task on the one hand and the results for different
times on the other hand. In the case of significant
ANOVAs, t tests were used for post-hoc group com-
parisons.

Against the background of linear curve fittings lin-
ear regressions with time as the explanatory variable
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Table 2. Reaction times (s) in calendar calculating and pseudodate control tasks

Group comparisons

Task Group n Mean  s.D. S.E. Minimum  Maximum 95% CI (post-hoc t tests)
Calendar H 18 4.826 1.631 0.384 2.13 7.58 3.927-5.726 H<A*
calculating A 6  6.797 2613  1.067 3.87 10.35 5.239-8.354
task HCC 3 6.991 2.107 0.122 5.15 9.29 4.788-9.194
ACC 3 2.887 0.820 0.473 1.97 3.54 0.684-5.090 ACC<HCC*, A*
Pseudodate H 18 1.152 0.246 0.058 0.08 1.68 0.951-1.353 H<A*
control task A 6 1.756 0333 0136 1.18 2.07 1.409-2.104
HCC 3 1.200 0.339 0.196 0.88 1.56 0.708-1.691
ACC 3 1.612 1.151 0.665 0.84 2.94 1.120-2.103

s.D., Standard deviation; s.E., standard error; CI, confidence interval; H, healthy calendar calculator laymen;
A, non-savant subjects with autism; HCC, healthy calendar calculators; ACC, savant calendar calculators with autism.

*p <0.05.

were used to search for linear dependencies between
the calendar variables month-seven-day sections,
month-ten-day sections, months, 10-year intervals and
the behavioural performance (reaction time/PCR), re-
spectively. To examine, whether a U-shaped relation-
ship exists between reaction time/PCR and the
distance between current and past or future dates,
moreover, for the 10-year intervals, separate poly-
nomial curve fittings were calculated via non-linear
regression equations (second-order polynomial). An
a-level of p=0.05 was adopted throughout.

Results

All participants were right-handers and comparable
regarding non-verbal intelligence [F(3,24)=0.084,
p=0.989]. Groups differed for age [F(3,25)=4.134,
p=0.016]: HCC were significantly older than A
(p=0.011). Therefore, age had to be considered as a
confounding variable. However, age neither corre-
lated with reaction time nor PCR and no additional
effects or interactions could be observed. Hence, age
differences were not considered as a confounder in the
main analysis. The only significant between-group
difference on a memory test was on visual digit span
backwards in the WMS-R [#(3,865)=3.0, p=0.042],
where HCC showed better performance than ACC.

Present dates (ACC, HCC, A, H)

Reaction times for the CC tasks were longer than for
the pseudodate control tasks [F(1,26)=87.7, p<0.001,
partial #*=0.771]. ANOVA showed that the factor
group explained a significant amount of reaction time
variance [F(3,26)=4.2, p=0.015, partial #*=0.325].
Post-hoc tests revealed significantly shorter reaction
times in ACC than in HCC (p=0.046) and than in A
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(p=0.045). However, this effect was mainly due to
differences in the CC task, resulting in the interaction
of group xtask [F(3,26)=4.2, p=0.015 partial
n*=0.325]. Post-hoc tests revealed shorter reaction
times in the CC task for ACC than HCC (p=0.035) and
A (p=0.044), and additionally for H than A (p =0.039).
HCC showed no superior performance in CC than any
other group. Whereas HCC, A and H showed longer
reaction times for the CC than for the pseudodate task
(p=0.033, p=0.004 and p<0.001, respectively), no
significant difference was found for ACC.

Analysis of task accuracy also revealed an interac-
tion effect of group xtask [F(3,26)=10.2, p<0.001,
partial #*=0.541]: in the CC task, PCR were higher in
the ACC than in all other groups (HCC: p=0.039; A:
p=0.019; H: p <0.001). Contrary to HCC, A and H, the
ACC group performed poorly on the control task, as
two out of three ACC showed high error rates.
However, due to the large variance within the control
task in ACC, this difference failed to reach signifi-
cance. Descriptive data concerning reaction time and
PCR are summarized in Tables 2 and 3.

Past, current and future dates (ACC, HCC)

Complete descriptive results for reaction time and
PCR are summarized in Tables 4 and 5. Analysis of
reaction times showed a main effect of group
[F(1,4)=8.2, p=0.046, partial #*=0.671], with shorter
responses for ACC than for HCC across all dates. No
interaction effect of group x time was found. However,
on the basis of the hypothesis, which predicted su-
perior performance in ACC than HCC only when cal-
culating past and present dates, post-hoc t tests were
carried out. These indicated shorter responses for
ACC than for HCC for past (p=0.046) and current
(p=0.035), but not for future dates. ACC showed
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Table 3. Percentage correct responses in calendar calculating and pseudodate control tasks

Group comparisons

Task Group n Mean sD. S.E. Minimum Maximum 95% CI (post-hoc t tests)
Calendar calculating H 18 84220 10.545 2485 62.05 100.00 3.927-88.92
task A 6 78150 10.206 4.166 66.70 95.00 70.01-86.29
HCC 3 89.636 3.858 2227 85.36 92.85 78.13-101.14
ACC 3 96767 1358 0.784 95.20 97.60 85.26-108.27 ACC>HCC*, A*, H**
Pseudodate control  H 18 97575 3907 0921 87.75 100.00 94.00-101.15
task A 6 98725 1398 0.571 97.35 100.00 92.54-104.91
HCC 3 99200 138  0.800 97.60 100.00 90.45-107.95
ACC 3 73817 23.875 13.784 50.00 97.75 65.07-82.57

s.D., Standard deviation; s.E., standard error; CI, confidence interval; H, healthy calendar calculator laymen;
A, non-savant subjects with autism; HCC, healthy calendar calculators; ACC, savant calendar calculators with autism.
*p<0.05, * p<0.001.

Table 4. Reaction times (s) for all time periods

Group comparisons

Task Group n Mean S.D. S.E. Minimum Maximum 95% CI (post-hoc t tests)

Past HCC 3 9.578 2.108 1.21732 8.19 12.00 6.726-12.429 ACC<HCC*
ACC 3 5.412 1.372 0.79209 428 6.94 2.561-8.263

Present HCC 3 6.991 2.107 1.21653 5.15 9.29 4.428-9.554 ACC<HCC*
ACC 3 2.887 0.820 0.47357 3.54 2.8874 0.324-5.450

Future HCC 3 8.479 1.161 0.67011 7.46 9.74 5.845-11.113 N.S
ACC 3 6.456 2.013 1.16229 7.85 6.4560 3.822-9.090

s.D., Standard deviation; s.E., standard error; CI, confidence interval; HCC, healthy calendar calculators; ACC, savant
calendar calculators with autism; N.s., not significant.

*p<0.05.

Table 5. Percentage correct responses for all time periods

Group comparisons

Task Group n Mean S.D. S.E. Minimum Maximum 95% CI (post-hoc t tests)

Past HCC 3 77.167 4.592 2.651 73.45 82.30 71.845-82.488 ACC>HCC*
ACC 3 89.183 0.978 0.564 88.10 90.00 83.862-94.505

Present HCC 3 89.636 3.858 2227 85.36 92.85 85.000-94.272 ACC<HCC*
ACC 3 96.767 1.358 0.784 95.20 97.60 92.131-101.403

Future HCC 3 87.367 6.633 3.830 83.00 95.00 78.885-95.848 N.S.
ACC 3 86.117 3.463 1.999 83.35 90.00 77.635-94.598

s.D., Standard deviation; s.E., standard error; CI, confidence interval; HCC, healthy calendar calculators; ACC, savant
calendar calculators with autism; N.s., not significant.

*p<0.05.

significantly longer reaction times for future than for
current dates (p=0.040), while HCC showed longer
reaction times for past than for current dates

(p=0.013).

https://doi.org/10.1017/50033291708004601 Published online by Cambridge University Press

A significant group x time interaction was detected
for accuracy of performance [F(2,8)=6.9, p=0.018,
partial 7*=0.634]. Post-hoc t tests showed that PCR
were higher in ACC than in HCC for past (p=0.011)
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and present (p =0.039), but not future dates. ACC gave
more correct responses for current than for past
(p=0.26) and future (p =0.20) dates. HCC were more
accurate regarding future than past dates (p=0.16)
and equally accurate regarding future and current
dates.

Linear dependencies on calendar variables

In ACC, across all time periods, linear relationships
were found between reaction times and the month-
ten-day section [r=0.98, R®>=0.99, F(1,2)=18547,
p=0.047] and the month [r=-0.58 R?*=0.34,
F(1,11)=5.16, p=0.046]. That is, the later the date
within a month and the later the month within a year,
the longer was the reaction time. For 10-year intervals,
a linear dependency was only found between reaction
time and past dates [r= —0.89, R*=0.78, F(1,5) =13.82,
p=0.02], but not between reaction time and future
dates. For past dates reaction time increased for more
remote years in ACC. In the HCC group, no reaction
time or PCR linear dependencies were detected, ex-
cept for PCR and the variable 10-year intervals
[r=0.88, R*=0.77, F(1,5)=13.84, p=0.02] for past
dates. Here PCR decreased with remoteness from the
present.

When constructing a scatterplot, we noticed that a
parabola might be a better fit for the relationship be-
tween reaction time and PCR and the distance to the
present. Quadratic regression equation modelling
confirmed this presumption. Findings for the calendar
variable 10-year intervals showed for both ACC and
HCC that a U-shaped relationship is likely for reaction
time [R®=0.53, F(2,10)=4.566, p=0.047; R*=0.59,
F(2,10)=5.69, p=0.028]: reaction time increases for
future and past dates with remoteness to the present.
For PCR, an inverted U-shaped relationship was
found for HCC [R*=0.76, F(2, 10)=13.04, p=0.003]:
the further the date from the present, the lower was
the PCR.

Questionnaire information

HCC reported to use algorithms to calculate date-
to-day assignments and exhibited a profound explicit
knowledge of the regularities of the Gregorian calen-
dar. In contrast, ACC showed introspection difficulties
when trying to explain the strategies underlying their
CC abilities. Moreover, they stated never to have dealt
with a perpetual calendar or calendar sciences and
reported markedly poorer performance than HCC re-
garding school achievement in mathematics. On the
other hand, all ACC demonstrated extraordinary
memory skills in a circumscribed area (e.g. birthdates,
history, timetables).
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ACC as well as HCC were able to CC over a mini-
mum span of 100 years, including future as well as
past dates. They did neither differ with regard to the
onset of CC nor the CC duration (see Table 1 for
details). Apparently, onset of CC was earlier in ACC
than in HCC, but due to the huge variance this differ-
ence failed to reach significance.

Discussion

Numerous behavioural approaches have attempted to
explain the factors underlying CC in savants. The ob-
jective of the present study was to elaborate existing
theories by comparing CC in savants with autism, in-
dividuals with autism without savant skills, HCC and
healthy CC laymen. To the authors” knowledge, this
study is the first of its kind in research on the savant
syndrome. It should be mentioned first that like al-
most all studies on savant skills this study, too, suffers
from small sample size and therefore limited general-
izability. Thus, also the usage of parametric statistics
is somewhat arbitrary. However, in light of the low
frequency of savant skills and HCC and a lack of
adequate procedures for small samples these prob-
lems are hard to avoid. In addition, post-hoc power
analysis showed that given the partly huge effect sizes
the power to detect differences (1—/f) was not overly
small. For instance, partial #* was 0.671 for the com-
parison of reaction time between ACC and HCC, re-
sulting in power of 74 % given an a of 0.05 in a sample
of n=6 and two groups in an ANOVA.

We found that ACC gave more correct responses for
current dates than all other groups and showed
shorter reaction times than A and HCC. They were
also superior to HCC with regard to PCR and reaction
time when processing past dates, but not future dates.
These patterns of results indicate different CC strate-
gies in ACC and HCC, the latter having acquired this
ability as healthy individuals.

In line with previous studies (Horwitz et al. 1969;
Rosen, 1981) and despite good language abilities, ACC
in our study exhibited difficulties in explaining their
strategies when performing CC. The CC abilities of
ACC could hardly be explained in terms of rule-based
arithmetic skills. First, and most importantly, like
other studies (Horwitz et al. 1969; Young &
Nettelbeck, 1994), ACC showed poor mathematical
skills at school, while it is known that the use of algo-
rithms demand substantial abilities in mathematics.
Moreover, aside from their special CC ability and
consistent with the definition of the savant syndrome
(e.g. Bolte & Poustka, 2004), two out of three ACC
showed problems to understand the quite simple
pseudodate control task. Moreover, and in accord with
Horwitz et al. (1969) and Young & Nettelbeck (1994),
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the response times of ACC were so short that the use
of algorithms is unlikely. They gave their answers for
the CC task as fast as in the simple pseudodate control
task, while all other groups needed longer for the CC
tasks. Compared with HCC, ACC had shorter re-
sponse latencies across the whole calculating period
(1950-2050). Overall, their performance might be best
explained in terms of rote processes and direct mem-
ory retrieval. This conclusion might also be strength-
ened by the fact that ACC reported knowledge on
timetables and birthdates that are associated with rote
memory mechanisms. The CC savants in the studies
by Horwitz et al. (1969), Rosen (1981) and Young &
Nettelbeck (1994) were also described to have extra-
ordinary memory for sports data, birthdates or the
weather of any given date. Rote memory is defined as
the veridical encoding of information (Heaton &
Wallace, 2004; p. 901) not interfered by top-down
cognition. Its significance as the underlying factor in
savant CC (Horwitz et al. 1969; Hill, 1975; Norris,
1990; Young & Nettelbeck, 1994) and as a core savant
skill in general (Mottron & Belleville, 1993; Mottron
et al. 1998; Bolte & Poustka, 2004) has often been
pointed out in the literature. However, calculation of
future dates demanded longer response latencies. As
reported earlier (e.g. Rosen, 1981), a general memory
superiority of savants seems unlikely, owing to the
fact that we did not detect any increased performance
on any conventional psychometric memory scale.
Thus, for future dates additional mental operations
may be needed. Hermelin & O’Connor (1986) inter-
preted their finding of shorter reaction times for past
than future dates in savants in terms of future dates
requiring algorithmic calculations, while for past dates
rote memory processes are sufficient. Our data might
be interpreted in the same way.

Consistent with O’Connor & Hermelin (1984), we
found that response times increased with remoteness
to current dates. Nevertheless, unlike O’Connor &
Hermelin (1984), a linear increase was only identified
for past dates in ACC. This might indicate fast recall of
day-to-date assignments from rote memory for past
dates and rather easy access to current dates owing to
actuality. For both ACC and HCC a U-shaped re-
lationship between the remoteness from current and
future dates and reaction time was found. Further-
more, for HCC an inverted U-shaped relationship for
PCR was found between the remoteness from current
and future dates via quadratic regression. This may
underline the assumption that memory alone may be
insufficient to account for CC performance in savants
with autism. The U-shaped distribution could rather
indicate the involvement of a further system, namely
anchor dates (Hill, 1975; Rosen, 1981) — dates, from
which they could calculate back and forth. While it
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seems that this system could be equally important for
ACC and HCC, savants with autism may be particu-
larly operating with anchor dates in December. In ac-
cord with findings by Hill (1975) and Rosen (1981),
ACC showed linear dependencies of the behavioural
performance on the calendar variables “month-ten-
day section” and “month’. That is, the earlier the dec-
ade within a month and the later a month within a
year, the shorter was the reaction time.

Recent findings by Mottron et al. (2006) favour a
non-algorithmic retrieval model of CC. In line with
this framework and contrary to other previous studies
(e.g. Hill, 1975), ACC in our study reported never to
have dealt with a perpetual calendar or calendar sci-
ences. On the other hand, HCC had profound knowl-
edge of the regularities of the Gregorian calendar.
However, the way ACC calculated future dates may
point to the usage of at least some calendar regula-
rities, although to a much less extent than HCC.

Another pivotal finding of this study concerns the
role of rehearsal. It has been claimed that intense
practice may be a key player for CC (Kelly et al. 1997).
Indeed, ACC and HCC performed best when calcu-
lating current dates, which might be interpreted as
evidence for this hypothesis, as current dates are
probably processed the most in everyday life. Never-
theless, even after substantial training, we could not
observe that HCC reached the level of performance
shown by ACC for current and past dates. This result
in the face of the two groups not differing with regard
to duration of the skill possession, the early onset of
CC in ACC (also noted by Miller, 1987) and its stability
(O’Connor & Hermelin, 1992) indicates that rehearsal
alone is insufficient to explain prodigious CC skills in
savants with autism. Therefore, practice probably
forms a necessary rather than a sufficient circumstance
in the acquisition of CC in ACC.

In conclusion, our findings suggest that CC in
savants with autism involves rote memory processing
when calculating current and past dates, which may
not be a part of CC in HCC. Treffert (2006, p. 200) has
hypothesized that all savants share some sort of
extraordinary memory capacities. However, memory
mechanisms alone cannot account for ACC perform-
ance in our study. It is likely that the use of anchor
dates and some strategies based on the regularities of
the Gregorian calendar also contribute to outstanding
CC performance. We assume a model of past and
current dates being learned easily by ACC using
simple day-to-date associations that are stored by
mechanical repetition and retrieved quickly. These
rote memory processes are facilitated by interweaved
anchor dates and the usage of simple regularities.
This strategy may not apply to future dates. Here, the
CC mechanisms might be comparable with those used
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by HCC, who use regularities and anchor dates for all
types of dates, resulting in their relatively long reac-
tion times even when calculating present dates. As
rote memory processes of ACC seem to be hard to
validate by conventional psychometric memory test-
ing, the aforementioned cohesion could only be ex-
amined by direct comparison of ACC and HCC.
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