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Abstract

This study, involving a total of 161 adults between 20 and 79 years of age, investigated age-related

differences of cognitive processing in mental subtraction. Aggregated and individual data analyses were

conducted to evaluate the relative importance of working memory and sensorimotor speed in adult age

differences in mental subtraction. Overall, reaction time and errors increased with the advance of age and

arithmetic task difficulty, but the magnitude of age differences in mental subtraction was significantly re-

duced by statistically controlling measures of working memory and sensorimotor speed. Moreover, there is

a larger attenuation of the age-related effects on mental subtraction after control of sensorimotor speed than

after control of working memory. However, age-related differences in mental subtraction were not fully

mediated by working memory and sensorimotor speed.

Key words

Mental arithmetic as a mental ability is a critical
daily skill, and an important part of mental tests,
which is used to identify human intelligence in chil-
dren, teenagers, and adults. It is known that there is
the problem-size effect or problem-difficulty effect in
mental arithmetic such as 2 + 3 = 50r6 + 9
15", In this effect, both reaction time (RT) and er-

rors increase along with an increase in the size or diffi-
culty of the problems; for example, longer RTs in the
true or false verification task are observed for6 + 9 =

15 than for2 + 3

plored on how to explain the problem-size effect, and
2]

= 5. Much more studies have ex-

obtained some encouraging results '
In a small amount of studies on adult age

differences in mental arithmetic, however, positive and
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working memory, sensorimotor speed, age, mental subtraction.

uniform conclusions about the extent and mechanisms
of age-related differences in mental arithmetic are still
sparse. Most studies indicated that older adults are slo-
wer than young adults in arithmetic involving addition,
subtraction, or multiplication:3N6] , but a few studies

7-10
! For exam-

found different and interesting results'
ple, Allen et al. "’ found no age deficit in the speed of
multiplication fact retrieval; Geary et al. '®' and Geary
& Lin ! found older adults were faster at borrowing in
complex subtraction than younger adults. These contra-
dictory findings may be attributed to education/cohort

7 and Geary et

effect. In the studies of Allen et al.
al. "™ | the older adults were better educated than the
young adults, thus older adults may use a developmen-

tally more mature mix of problem-solving strategies to
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solve arithmetic problems. On the contrary, Salthouse
& Coon ' found that older adults showed a larger bor-
rowing effect than did young adults when the young and
older samples were equal in education. However, Al-

10]

len et al. "' observed that the age differences in the

speed of multiplication fact retrieval were significantly
[7]

’

less extreme, consistent with Allen et al. even the
young and older samples were roughly matched in edu-
cation. These results indicated that the cohort effect
could not fully explain the age differences in arithme-
tic.

The differences in data analytical methods among
these studies may also result in some disagreements.
To study how and why older adults are slower than
young adults in mental arithmetic performance, tradi-
tional analysis of variance and regression methods are
usually used as important analytical procedures. For
example, some researchers use a method of
distinguishing among different aspects of processing.
RTs increase as a function of the size of an answer;
this is known as the problem-size effect. Regression of
each participants RT on problem size yields estimates
of the slope—the additional time required per unit in-
crease in answer, and intercept—the RT when the

478100 1 such an analysis, the

problem size is zero
slope is a measure of central processes (e. g. , retrieval
and decision process) and that the intercept is a meas-
ure of peripheral processes (e. g., encoding and re-

"] This method was based on

sponse execution) |
individual data. However, Salthouse & Coon '° em-
phasized that regression method is still needed to evalu-
ate whether or not the differences between age groups
are larger in some variables than in others. They pro-
posed hierarchical regression analyses as one means of
investigating the independence of age-related influences
in two or more variables. This aggregated data analyti-
cal method, together with ANCOVA (‘analysis of covar-
iance ) , and partial correlation etc. , was based on cal-
culating the age-related variance in one measure after
statistical controlling of the variance in the other. More
residual errors in individual data analyses may result in
some disagreements in conclusion, thus increasing dif-
ficulty when exploring age differences in mental arith-

metic.

Age-related differences in cognition may stem from
deficits in localized processing modules used by
specific tasks or from depletion of central cognitive re-
sources tapped by all tasks and components uniformly
or in proportion to their processing requirements Bl
Working memory ( WM ) and processing speed have

been identified as two of such
[13-16]

processing
resources

WM plays a critical role in mental arithmetic tasks
317220 Adams & Hitch "' reported that RT in chil-
dren’s mental addition has negative correlation with
WM span. Jonides "**' proposed that both long-term
memory and WM are needed in mental arithmetic
tasks. The presentation of a mental arithmetic problem
causes representations to be created in both long-term
memory and WM. Long-term memory supplies the
knowledge, strategies, and skill that are needed to ex-
ecute a solution. WM, storing partial information sim-
ultaneously does the actual computation. The WM sys-
tem itself is more than just a memory; it includes pro-
cessing capability as well. Age-related deficits in WM
had been proposed to play an important role in age-re-
lated cognitive declines "', Thus, it is plausible that
age-related deterioration of WM underlies the deficit in
mental arithmetic.

Some researchers, such as Kail " ** and Salt-

(14, 16]

house , found the important influence of process-

ing speed on children and adult age differences in cog-

41 explored speed mediation of adult

nition. Salthouse
age differences in cognition, and indicated that, age-
related influences on several measures of memory func-
tioning is greatly attenuated after statistical control of
measures of perceptual speed. Furthermore, Salthouse
%) proposed a robust processing-speed theory to ac-
count for some of the age-related differences in cogni-
tion and strengthened speed mediation of adult age
differences in cognition. As for age-mental arithmetic
relation, Salthouse & Coon '°' reported that there are
large age-related differences in mental arithmetic and
those differences appeared to be largely mediated by
age-related reductions in a construct related to speed of
processing. More detailed information about the role of
processing speed in age differences in mental arithmetic

still appears to be sparse.
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If WM and/or processing speed play critical role
in age differences in mental arithmetic, then statistical
control of age-related differences of WM and/or pro-
cessing speed should greatly reduce the age-related va-
riance in arithmetic. On the other hand, most of the
studies on age-mental arithmetic relation focused on
addition and multiplication, and studies on age-related
slowing of mental subtraction processing are still con-
siderably sparse, especially on complex subtraction.
For this reason, in this study, we examined adult age
differences in mental subtraction and the potential me-
diating role of cognitive resources in emergence of those
differences. First, we investigated whether age-related
declines in mental subtraction performance are differen-
tial and task dependent. If this is so, the statistical ex-
pression of this relationship would be a significant in-
teraction between age and task type of arithmetic.
Second, we examined whether age-related slowing of
mental subtraction processing could be explained by
age-related reduction of processing resources, such as
WM and sensorimotor speed ( SMS). In statistical
terms, that is to say, whether there is a substantial re-
duction of age effects after controlling for variability as-
sociated with these resources. Aggregated and individ-
ual data analyses were conducted respectively to evalu-
ate which factor (WM and/or SMS) plays much more,
and examine whether SMS and WM fully mediated age-

related effect on mental subtraction.

1  Method

1.1 Subjects

Demographic characteristics of the 161 normal
participants (83 males and 78 females) ranging from
20 to 79 years of age in this study are summarized in
table 1. All participants were from China, divided into
6 age groups such as 20 ~29, 30 ~39, and so on,
with years of education matched ( Bonferroni contrast
didnt reveal significant difference between any two
groups ). For each participant, self-assessed health sta-
tus was excellent or good. Health and education were
therefore not considered for all subsequent analyses.
1.2 Procedure

All participants performed three types of tasks,

the computation span working memory, digit copying,

and mental subtraction on a microcomputer. During the
whole test, each of them only typed digit key in the
right side of the keyboard, and could finish all of the
tasks within 15 minutes.

1.2.1

this task, a series of subtraction problems were presen-

Computation Span Working Memory In

ted for the participants to solve by typing digit key
while also remembering the answer, in accordance with
WM  which is usually defined in terms of the
simultaneous storage and processing of information L
The arithmetic problems were presented in production
format, and were all of the form X — Y =, with the fol-
lowing restrictions: (a) X and Y were two-digit num-
bers between 10 and 99; (b) answer to each problem
was a single positive integer; (c¢) the answer to the
problem could not be the same for two adjacent prob-
lems in a trial.

After reading a brief description of the task, the
subjects performed three practice trials, followed by
experimented trials. On completion of the designated
number of problems, the instructions ( asked partici-
pants to recall) appeared on the screen. At this point,
the participant typed the answer of each problem in the
order in which the problem appeared. The number of
arithmetic problems increased successively from one,
with two trials presented at each sequence length. The
program continued as long as the subject was correct on
both processing ( answering the arithmetic problem )
and recall (reporting the answer) on at least one of the
two trials at each sequence length. The subjects WM
span was defined as the largest number of items in
which he or she was correct on both processing and re-
call in at least one of the two trials.

1.2.2 One-digit Copying In this task, each of the
subjects had to copy a one-digit number by typing digit
key as rapidly as possible with 100 percent accuracy
limited. The number was randomly produced by micro-
computer, and presented visually on the screen. After
reading the instruction, the subjects performed two
practice trials, followed by ten experimented trials. RT
measure of each trial was in the course from the time
when the digit appeared on the screen to when the digit
had been typed. The computer recorded the copying
time in 0. 01 second. One-way ANOVA indicated the
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significant effect of age on one-digit copying RT ( F
(5,155) = 14.88, MSE = 0.069, p < 0.001).
Because the digit copying was postulated to assess SMS
014 " and this task was performed with the limitation
of 100 percent accuracy, the SMS was defined as a re-
ciprocal of RT of one digit copying.

1.2.3 Mental Subtraction
tion tasks, 1000 -3, 1000 -7, 1000 — 13, and 1000

- 17, were designed with a serial calculation in which

Four mental subtrac-

the subjects sequentially subtracted the same prime
number (3, 7, 13, and 17) from the number 1000.
The subtraction arithmetic was performed after the sub-
ject read a brief description of the task. The subtrac-
tion problems were presented in production format,
with the subjects instructed to answer by typing digit
key as rapidly and accurately as possible. Problems
were presented as white characters on a dark back-
ground in the middle of color monitor controlled by mi-
crocomputer. After reading the instructions, the sub-
jects performed two practice trials (e. g., 1000 — 2
and 1000 —5) , followed by experimented trials, 1000
-3, 1000 -7, 1000 — 13, and 1000 — 17. In each
trial, the subjects sequentially subtracted the same
number for five times. RT in 0. 01 second and errors
were recorded by microcomputer.

In each trial, RT measure of the first calculation
was in the course from the time when the problem ap-
peared on the screen to when the full answer had been
given, while in the other four calculations, RT meas-
ure of each calculation was in the course from the time
when the preceding full answer had been given to when
this full answer had been given. During calculation, if
an error occurred, followed a series of " errors"
(e.g., for 1000 — 3, the subject’s responses were,
997, 993, 990, 987, 984), only the former (e. g.,
997 -3 = 993) was accepted as an error. After the
subject finished all of subtraction tasks, he/she was
asked to describe how he/she computed. Each of them
reported that he/she only subtracted the prime number
(i.e., 3,7, 13, and 17) for five times. None of
them solved the problem by using other non-subtractive
strategies such as multiplication. For example, he/she
didnt multiply the prime number by five, and then

subtract that value.

Subtraction tasks used in this study have higher
working memory demands than other easier subtraction
tasks used in previous studies, such as9 — 4 or 72 -
7. Answering the easier problem such as 9 - 4 was
generally attributed to retrieving arithmetic fact from
memory. Solving the arithmetic problems used in this
study, however, consisted of a series of cognitive
processes, such as covert production of numbers, re-
trieving arithmetic facts from memorized tables, execu-
tion of a specific calculation procedure such as subtrac-
tion and storing data in memory for further operation.
Here these cognitive processes may be processed simul-
taneously. For this reason, the RT from the time when
the subject started producing his/her answer to when
the full answer had been given may not be pure motor
time in the four subtraction tasks.

In order to extract the sensorimotor component
which was contained in each subjects RT measures of
the four subtraction tasks, each of the subjects merely
had to copy a three-digit number (e. g., 915) by
typing digit key as rapidly and accurately ( termed
three-digits copying task) as possible after he/she had
performed subtraction tasks. The number was randomly
produced by microcomputer, and presented visually on
the screen. Each subject performed five experimented
trials. RT measure of each trial was in the course from
the time when the digit appeared on the screen to when
all of the three digits had been typed. The computer
recorded the copying time in 0. 01 second and errors.
One-way ANOVA indicated the significant effect of age
on three-digits copying RT, F (5,155) = 18.73,
MSE = 0.085, p < 0.001, but not on accuracy, F
(5,155) =0.314, MSE = 0.008, ns. According to
Donders” subtractive method, the sensorimotor compo-
nent could be removed from all RT measures of the four
arithmetic tasks by subtracting three-digit copying RT
as a baseline from the arithmetic RT, and the
difference was regarded as a time of calculation, which
was used in subsequent aggregated data analyses (i.

e. , general linear model ).

2  Results

2.1 Data Conditioning

Mean values and standard deviations for the meas-
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ures of performance from WM task, digit copying, and

mental subtraction tasks are summarized in table 1.

Table 1 Age, Education, Working Memory Computation Span, Digit Copying, and Mental Subtraction Tasks Including

Percentage of Accuracy and Reaction Time in Second as a Function of Age Group

20 -29 30 -39 40 —49 50 -59 60 —69 70 -79
Variables (n =32) (n = 26) (n = 30) (n = 26) (n = 26) (n =21)
M SD M SD M SD M SD M SD M SD
Age (years) 23.8 2.7 337 2.8 433 2.8 556 3.2 633 2.1 733 3.1
Education ( years) 153 1.5 148 1.9 147 1.5 149 1.5 155 1.3 157 0.9
Computation span 7.2 2.2 48 2.1 50 23 56 27 53 22 41 1.7
One digit copying (S) 0.99 0.18 1.02 0.15 1.12 0.26 1.28 0.24 1.34 0.36 1.51 0.35
Three digits copying
Accuracy (%) 98.4 4.5 996 1.9 983 53 988 4.3 985 4.6 98.6 4.7
Time (S) 0.57 0.18 0.60 0.30 0.70 0.29 0.76 0.26 0.73 0.32 1.06 0.40
1000 -3
Accuracy (%) 96.8 5.4 946 81 930 9.8 954 7.6 8.9 11.7 87.6 11.8
Time (S) 2.37 1.17  3.23 1.59 3.65 1.88 3.84 231 3.50 1.81 3.99 1.93
1000 -7
Accuracy (% ) 95.9 7.1 90.0 89 90.6 9.1 8.8 10.7 88.1 13.3 78.6 14.2
Time (S) 3.53 1.45 4.45 1.82 502 1.93 540 2.72 5.8 2.73 7.70 3.82
1000 - 13
Accuracy (% ) 95.6 7.6 87.7 10.7 85.0 11.1 87.3 12.2 88.8 8.6 8.0 12.2
Time (S) 4.49 205 518 1.80 6.26 3.90 6.98 3.01 6.75 2.73 9.23 3.34
1000 — 17
Accuracy (% ) 95.0 6.7 90.8 9.8 84.3 11.3 831 12.9 854 11.4 76.7 12.8
Time (S) 5.61 2.35 6.94 3.72 7.70 4.18 8.88 4.55 9.72 4.96 9.70 4.56

For mental subtraction, all of RT measures in in-
correct responses were removed from the total of experi-
mented trials. RT measures of correct responses were
used in all subsequent analyses. All of the correlations
of RT measures between any two of subtraction tasks
were significant (p < 0.01, in the range of 0. 46 to
0.65, mean r = 0.53), while correlations of the ac-
curacy measures between any two of subtraction tasks
were also significant (p < 0.01) except for correla-
tions between 1000 — 3 and 1000 — 7, 1000 — 3 and
1000 — 17 (in the range of 0. 09 to 0.40, mean r

0.25). The correlation between RT and accuracy in

each subtraction task wasn’ t significant except for
1000 -7 (r -0.24, p < 0.01). We used alpha

coefficient to estimate the internal consistent reliability

within the four subtraction tasks. Alpha coefficients
were 0. 82 for RT measures, 0. 58 for accuracy
measures of mental subtraction. The descriptive statis-
tics for RT and accuracy across task difficulty levels of

all subtraction tasks are summarized in Table 2.

Introspection of the scatter plots of RT and age in
Figure 1 suggests that variability of RT differed across
task difficulty levels. Indeed, as presented in Table 2,
coefficients of variation ( a ratio of standard deviation to
mean) ranged from 0. 51 to 0. 54 for RT measures,
and from 0. 10 to 0. 14 for accuracy measures. Over-
all, most of the accuracy measures are generally over

70% or greater in each age group.

Table 2 Descriptive Statistics for Reaction Time and Accu-

racy Across Task Difficulty Levels of Mental Subtraction

Reaction Time (S) Accuracy (% )

Task
M SD cv M SD cv
1000 -3 3.331 1.85 0.54 93.0 9.6 0.10
1000 -7 5.17 2.70 0.52 89.3 11.5 0.13
1000 - 13 6.31 3.19 0.51 88.0 11.2 0.13
1000 - 17 7.94 4.29 0.54 8.5 12.1 0.14

Note. CV = coefficient of variation, a ratio of the standard deviation to

the mean.
2.2 Analysis of Performance Across Tasks: RT

A general linear model was used to evaluate the
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importance of WM and SMS in age differences in men-
tal subtraction respectively. In this model, age was a
six — level between — subjects independent variable,
and task difficulty (from the easiest, 1000 —3, to the
most difficult, 1000 — 17) was a four — level repeated
measure factor. To estimate the magnitude of the
effects we computed partial eta squared (m’), a ratio
of the effect sum of squares to the total sum of squares
associated with that effect’ s error term.

The results of the analysis revealed significant
main effects for age, F (5,155) = 7.86, MSE =
16.59, p < 0.001,%* = 0.203; task difficulty, F
(3,465) = 108.09, MSE = 5.151, p < 0.001,v’

= 0.432; as well as significant age x task difficulty
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Comparing to the effect of WM, introduction of
SMS into the model reduced the main effects of age by
more than half, F (5, 154) = 3. 06, MSE =
16.194, p < 0.05,n° = 0.090, and task difficulty
by more than ten, F (3, 462) = 5.48, MSE =
5.156, p < 0.01 ,”qz = 0.034, as well as the age x

interaction, F (15, 465) = 2.08, MSE = 5.151, p
< 0.01,m* = 0.063. To examine whether age-related
slowing of mental subtraction processing can be ex-
plained by age-related reduction of WM and SMS, we
repeated the analyses with WM and SMS as covariates,
singly and together. Inclusion of WM in the model re-
duced the main effect of task difficulty, F (3, 462)
= 22.55, MSE = 5.141, p < 0.001,q’ = 0.128.
The main effect of age, F (5,154) = 5.51, MSE =
15.731, p < 0.001,n° = 0.152, and the age x task
difficulty interaction, F (15, 462) = 2.01, MSE =
5.141, p < 0.05 ,”r]z = 0.061, remained essentially

unaltered.
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Relationship between reaction time and age in four subtraction tasks as depicted in scatter plots with linear regression lines.

task difficulty interaction, F (15, 462) = 1.53,
MSE = 5.156, ns,q’ = 0.047. Introduction of both
WM and SMS into the model simultaneously, once a-
gain reduced the effects of age, F (5, 153) = 2.45,
MSE = 15.583, p < 0.05, n’ = 0.074, and task
difficulty, F (3,459) =5.32, MSE =5.129,p <
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0.01,m> = 0.034, as well as the age x task difficulty
interaction, F (15, 459) = 1.57, MSE = 5.129,
ns,m’ = 0.049.

From these results, it can be inferred that,
25.1% (i.e., [0.203 -0.152]/0.203 x 100 =
25.1% ) of the age-related variance in RT measure of
subtraction were attenuated by controlling the variance
associated with the WM measure, whereas 55. 7%
(i.e., [0.203 -0.090]/0.203 x 100 = 55.7% )
of the age-related variance in RT measure of subtrac-
tion were attenuated by controlling the variance associ-
ated with the SMS measure. Finally, 36.5% (i.e.,
[0.074/0.203] x 100 = 36.5% ) of the total age-
related effects on RT measure of mental subtraction
cannot be accounted for by age-related reductions in
WM and SMS.

2.3 Analysis of Performance Across Tasks: Accu-
racy

A general linear model similar to the one used in
RT analysis was applied to the accuracy data. The re-
sults of the analysis revealed significant main effects for
age, F (5,155) = 15.77, MSE = 0.015, p <
0.001,m° = 0.337, and task difficulty, F (3, 465)
= 14.97, MSE = 0.009, p < 0.001,q’ = 0.088,
but age x task difficulty interaction was not signifi-
cant, F (15, 465) = 1.64, MSE = 0.009, ns,n’
= 0. 050. When individual differences in WM profi-
ciency were taken into account by entering WM as a
covariate in the model, the main effect of task difficulty
was eliminated by more than three, F (3, 462) =
4.34, MSE = 0.009, p < 0.01,n* = 0.027, and
the main effect of age was reduced somewhat, F (5,
154) = 10.99, MSE = 0.014, p < 0.001,7° =
0.263. Comparing to the effect of WM, the main
effects of age, F (5, 154) = 10.49, MSE = 0.015,
p < 0.001 ,nz = 0.254, and task difficulty, F (3,
462) = 1.78, MSE = 0.009, ns,q’ = 0.011, were
eliminated much more when SMS as a covariate was in-
troduced into the model. Introduction of both WM and
SMS into the model simultaneously, once again re-
duced the main effects of age, F (5, 153) = 8.56,
MSE = 0.014, p < 0.001 ,T]2 = 0.219, and task
difficulty, F (3, 459) = 1.69, MSE = 0.009, ns,
M’ = 0.011.

From these results, it can be also inferred that,
22% (i.e., [0.337 -0.263]/0.337 x 100 =
22.0% ) of the age-related variance in accuracy meas-
ure of subtraction were attenuated by controlling the va-
riance associated with the WM measure, whereas
24.6% (i.e., [0.337 -0.254]/0.337 x 100 =
24.6% ) of the age-related variance in accuracy meas-
ure of subtraction were attenuated by controlling the va-
riance associated with the SMS measure. Finally, 65%
(i.e., [0.219/0.337] x 100 = 65.0% ) of the to-
tal age-related effects on accuracy measure of subtrac-
tion cannot be accounted for by age-related reductions
in WM and SMS.

2.4 Individual Data Analysis: Regression of RT
on Task difficulty

A glance at the scatter plots of the RT and age
across the four tasks suggests that aggregated data
analysis may be limited by substantial individual varia-
bility. To examine the effects of age and resources in-
dices at the level of the individual, we conducted anal-
ysis on individual indexes of performance across the
levels of task difficulty ( with subtrahend increasing,
from 3, 7, and 13 to 17). Because three digit copying
task can be acted as a subtraction task in which subtra-
hend was zero, we used the slope of simple regression
of each subjects RT on five subtrahends (zero, three,
seven, thirteen and seventeen) as an index of task-
dependent slowing. The fit of individual participants
data was good ( R* ranged from 0. 40 to 0.99, with the
median R* = 0. 81) and was unrelated to age (r =
-0.027, ns).

The slopes were submitted to a series of hierarchi-
cal linear models, in which age, WM, and SMS served
as predictors. The amount of age-related variance in
slope was examined before and after controlling the va-
riance associated with the measure of WM and SMS,
and the difference between the two estimates of age-re-
lated variance can be used as an indication of the im-
portance of the controlled variable (WM and SMS).

Results of the hierarchical regression analyses are
summarized in Table 3. Entries in the first column of
this table indicate the accumulative R” in the prediction
of the criterion variable after the variable on that row

and the variables on immediately preceding rows had
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been entered into the regression equation. Entries in
the second column indicate the increment in R* associ-
ated with the addition of the variable on the row into
the regression equation. Finally, values in the third
column indicate the F values for the significance either
of the initial R* or of the increment in R*. It was indi-
cated that age was associated with 14.0% of the vari-
ance and WM with 5. 1% when each was considered a-
lone, but 15. 7% of the variance was accounted for
when age was entered into the equation after WM. The
increment in R’ associated with age after controlling
WM is therefore 10. 6% . Similarly, 9.5% of the vari-
ance was associated with the SMS measure alone, in-

creasing to 15. 2% when age was entered following
SMS, and so on.

Table 3

Measures of Performance from Working Memory, Sensori-

Hierarchical Regression Results Based on the

motor Speed, and the Slope as Index of Subtraction Task —

dependent Slowing

Criterion / predictor R? Incr. R? F
Slope
Age 0. 140 25.94**
WM 0.051 8.63"
Age 0.157 0. 106 19.73*
SMS 0.095 16.73" "
Age 0.152 0.057 10.52*
SMS 0.095 16.73* "
WM 0.114 0.019 3.13
Age 0.164 0.050 9.38"

Note. Incr. R*indicates that the increment in R* associated with adding
the variable to the regression; the F value evaluates the statistical signifi-
cance of R for the first variable entered or the increment in R* associated
with the addition of the second or third variable. WM = Working Memo-
“.p <0.0l; "".p <0.001.

ry; SMS = Sensorimotor speed.

The most interesting aspects of the data in Table 3
are the values of R” associated with age before control-
ling any of the other variables, and the values of R* for
age after removing the variation associated with
measures of WM and SMS. Overall, the attenuation of
the age-related effects on slope measure of arithmetic
was substantial after controlling measures of WM and

SMS, and there is a larger attenuation of the age-relat-

ed effects on slope after control of SMS than after con-
trol of WM (i. e. , reductions in R> to 5.7% for SMS
vs. 10.6% for WM). By expressing the final measure
as a percentage of the original measure, 24.3% (1.
e., [0.140 -0.1061/0.140 x 100 = 24.3% ) of
the age-related differences in slope were attenuated by
controlling the variance associated with the WM meas-
ure, whereas 59.3% (i.e., [0.140 —0.057]/0.140
x 100 = 59.3% ) of the age-related differences in
slope were attenuated by controlling the variance asso-
ciated with the SMS measure. However, 35. 7%
(i.e., [0.050/0.140] = 0.357, and 0.357 x 100
= 35.7% ) of the total age-related effects on slope
measure of mental subtraction were not mediated by

age-related reductions in WM and/or SMS.

3 Discussion

The results of this study provided clear evidence
of age-related decline in mental subtraction and the po-
tential mediating role of WM and SMS. We observed
that RT and errors increased with increasing age and a-
rithmetic task difficulty, and the significant age x task
difficulty interaction in RT measure of subtraction. Mo-
reover, the magnitude of age differences in mental sub-
traction was reduced significantly by statistically con-
trolling measures of WM and SMS. It was noteworthy
that there was a larger attenuation of the age-related
effect on mental subtraction after control of SMS than
after control of WM. In other words, the influence of
WM was considerably weaker than that of SMS. How-
ever, nearly 40% of the total age-related variance in
RT measure, and 65% of the total age-related variance
in accuracy measure of mental subtraction were not ac-
counted for by age-related reductions in WM and SMS.

Comparing to the result of Geary et al.'* | the
subtraction task in our study was much more difficult.
Specifically, Geary et al. "*' studied processing speed
differences of simple and complex mental subtraction in
younger and older adults, in which the simple subtrac-
tion consisted of a single-digit minuend and subtrahend
that produced a positive difference (e. g., 8 =3),
while complex subtraction problem consisted of a
double-digit minuend and a single-digit subtrahend
(e.g., 87 -9). Geary et al. "*'found that older adults
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were slower at number encoding and number production
but faster at executing the borrowing procedure in com-
plex subtraction than younger adults, and younger a-
dults didn’ t show an advantage for overall solution time
in complex subtraction. This result may be overestima-
ted because older subjects showed significant advantage
in years of education in their study. Despite of this,

8] are basi-

cally consistent with the finding for addition "*' | multi-

[7,10

the findings in the studies of Geary et al.
plication !"and subtraction "', All of their studies
indicated that older adults might have a higher skill for
basic fact retrieval ( central processing) in mental a-
rithmetic than do young adults, although the young
group showed an advantage for overall solution times.
The dissociation between the central and peripheral
processes indicated age-related slowing of mental arith-
metic was task or process-specific.

In our study, we conducted both aggregated (i.
e., general linear model) and individual data analy-
ses, and found that results from the two analytical ap-
proaches were in agreement, and consistent with Allen

(7.301 Geary et al. 8 Geary & Lin 20 and

et al.
Geary & Wiley "*'. First, the reliable age x task dif-
ficulty interaction in RT measures indicated that age-
related decline of mental subtraction was differential
and task or process-specific. Second, general linear
model and individual data analyses revealed that the
magnitude of age differences in mental subtraction was
reduced significantly with the age differences in WM
and SMS partialled out. However, age-related slowing
of mental subtraction processing wasn’ t fully explained
by age-related reduction of WM and SMS. In other
words , significant unique affect of age on RT and accu-
racy measures of mental subtraction wasn’ t shared
completely. It was indicated that there wasn’t a com-
mon factor mediated age difference in mental subtrac-
tion, consistent with the reevaluation of Anstey,
Luszez, & Sanchez ' on the common factor theory.
Anstey, Luszez, & Sanchez ™' found that speed did
not fully mediate the effect of age or sensory function
(e.g. , visual acuity and audiometry) on cognition. At
this point, the findings in our study are not consistent

with Salthouse & Coon '°'.

It was noteworthy that the results of this study,

consistent with other studies found in the United States

477107 " were found in the China sample. At

samples
least, the results of current study indicated that the
cross — national difference in mental subtraction be-
tween China and the United States samples may be
small, although Geary, Salthouse, Chen, et al. [26]
showed a different pattern of cohort effects in the
United States and China. Geary et al. **' found that,
for the arithmetic tests, the younger Chinese outper-
formed the older Chinese adults, but the groups of
younger and older American adults had comparable ar-
ithmetical abilities. Furthermore, Geary, Hamson,
Chen, et al. "’ showed a cross — generational decline
in arithmetical abilities in the United States and a cross
— generational improvement in China. In our study,
however, so much of the unexplained variance was not
completely attributed to educational/cohort effect, be-
cause the young and older samples were roughly equal
in years of education. In our opinion, our data reflec-
ted more about the actual aging process.

In summary, this study provided some interesting
results on the role of WM and SMS in age differences
in mental subtraction. We found that RT and errors in-
creased with increasing of age and arithmetic task diffi-
culty, but the magnitude of age differences in mental
subtraction was reduced by statistically controlling
measures of WM and SMS. Moreover, there was a lar-
ger attenuation of the age-related effect on mental sub-
traction after control of SMS than after control of WM.
However, WM and SMS didnt fully mediate the effect
of age on mental subtraction. The developmental chan-
ges in mental subtraction during childhood and adoles-
cence and the potential mediating role of WM and SMS
seem to be unclear yet. On the other hand, at the neu-
robiological level, the exact mechanisms of age
differences in performance on mental arithmetic tasks
are yet to be elucidated. Future research seems to in-
vestigate the developmental pattern of mental subtrac-
tion during childhood and adolescence, and the neuro-
anatomical correlates of age-related variance in mental
arithmetic processing.
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