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Summary.—Greater phonological storage capacity may be associated with lev-
els of intentionality, and therefore by assumption, Theory of Mind. The participants 
were 34 high school students in the Midwest (15 girls, 19 boys; age range = 15 to 17 
years). The measures were digits forward and digits backward from the Digit Span 
subtest of the Wechsler Adult Intelligence Scale–III and a measure purporting to 
assess Theory of Mind and Levels of Intentionality (Kinderman, Dunbar, & Ben-
tall, 1998). There was found to be a weak nonsignificant correlation between digits 
forward and Levels of Intentionality, and a moderate and significant correlation 
between digits backward and Levels of Intentionality. The latter correlation was 
significantly larger. The digits backward test requires not only greater phonological 
storage capacity but also appears to tap working memory resources. Findings sug-
gest that greater phonological storage capacity is associated with higher intention-
ality, and by implication, perhaps more elaborate Theory of Mind, but only when 
the phonological task requires working memory functions.

The concept of working memory, as proposed by Baddeley and his 
colleagues (Baddeley & Hitch, 1974; Baddeley, 2004), has been one of the 
most productive theories of cognitive function. His model of working 
memory comprises two subsystems, the phonological loop and the visuo-
spatial sketch pad, and one overriding control/attention system, the cen-
tral executive. The phonological loop temporarily stores verbal and acous-
tic information and includes a storing mechanism and vocal and subvocal 
rehearsal mechanisms. The central executive is largely attention based, di-
recting, dividing, and switching attention (Baddeley, 2007). A recent ad-
dition to this model is the episodic buffer, where information from the 
phonological loop and the visuospatial sketchpad can be combined, ex-
amined, and acted upon by the central executive (Baddeley, 2001). Bad-
deley (2007) has recently suggested that social cognition may depend on 
the central executive in the exercise of dual task performance such as coor-
dinating one’s desires with others. Interestingly, his suggestion is similar 
to the requirements and demands of the Theory of Mind (e.g., Kinderman, 
Dunbar, & Bentall, 1998; Dunbar, 2000).
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Theory of Mind is one’s ability to understand that another individ-
ual has beliefs that are separate from one’s own and being able to iden-
tify those beliefs. Humans are not born with a fully developed Theory of 
Mind; it is generally exhibited between the ages of three and five and there 
are some claims that it is usually well developed by age six (e.g., Dun-
bar, 2000). Theory of Mind has been operationalized by Kinderman, et al. 
(1998) in a measure labeled Levels of Intentionality; this task has also been 
more recently modified by R. Dunbar (personal communication, January 
26, 2007). Levels of intentionality are the number of links one can recog-
nize in a chain of other people’s beliefs. For example, what A thinks that B 
believes about C would constitute two levels of intentionality, that is, A’s 
belief about B’s belief. What A thinks that B believes about C’s wishes would 
constitute three levels of intentionality. An average individual can handle 
four levels of intentionality with relatively few errors but as soon as a fifth 
level is added, performance drops dramatically (Kinderman, et al., 1998). 
Dunbar (2000) and Stiller and Dunbar (2007) appear to equate Theory of 
Mind with “mentalising,” that is, a capacity to understand the intentional 
state of minds of other individuals. This capacity is exemplified by the use 
of words like believe, intend, think, suppose, etc. Interestingly, they noted 
that intentionality as defined previously forms a naturally reflexive hierar-
chy which corresponds to increasingly embedded attributions.

Arguably, other primates possess some low level of Theory of Mind; 
for example, chimpanzees may have two levels of intentionality, but even 
that is not unequivocal (e.g., Call & Tomasello, 2008). Only humans ap-
pear to perceive links of thinking beyond two levels. Recently, the essen-
tial components and requirements of Theory of Mind have received much 
attention. For example, Povinelli and Giambrone (2001) have argued that 
some ancient behavior patterns such as deception, reconciliation, and 
gaze following, all of which humans share with many other primates, 
may serve as the foundation of modern Theory of Mind. Carlson, Moses, 
and Claxton (2004) conducted a study of Theory of Mind in 3- and 4-year-
olds to determine the nature of the role of the central executive in Theory 
of Mind. Specifically, they tested whether children’s Theory of Mind was 
a function of the inhibitory control of the central executive or whether it 
was more strongly related to the planning ability of the central executive. 
They found that Theory of Mind depended largely upon the inhibitory 
control function. Slade and Ruffman (2005) and Ruffman, Slade, Rowland-
son, Rumsey, and Garnham (2003) investigated how language is related 
to Theory of Mind and how language acquisition in children from ages 3 
to 5 years old affects Theory of Mind. In a series of studies, these authors 
appear to have found that while greater facility with language is related 
to better Theory of Mind, neither syntax nor semantic measures played 
a unique role in Theory of Mind, and interestingly, a measure of general 
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working memory capacity was not predictive of Theory of Mind. Moses 
(2005) has also argued that executive functions are intimately bound with 
a child’s development of Theory of Mind, and he proposed that inhibitory 
executive function skills are critical to the emergence of Theory of Mind, 
“while the reverse is less apparent” (p. 15).

The present study was concerned with the relationship between pho-
nological storage capacity and Theory of Mind. It was reasoned that, 
based on the Slade and Ruffman (2005) and Ruffman, et al. (2003) studies, 
if language plays a major role in Theory of Mind, and if phonological stor-
age capacity is a major component and even bottleneck in the comprehen-
sion and production of language (e.g., Baddeley, Gathercole, & Papagno, 
1998), then aspects of phonological storage capacity might be critical in 
Theory of Mind. 

Phonological storage capacity has been most typically measured with 
the Digit Span subtest of the Wechsler Adult Intelligence Scale–III (WAIS–
III; Wechsler, 1997). The subtest actually consists of two other subtests, the 
largest number of digits that can be repeated forward (digits forward) and 
backward (digits backward). The separation of these two measures may 
be theoretically important as a recent study by Tehan and Mills (2007) 
demonstrated that backward recall is not simply repeated serial forward 
recall but that there is no commonly accepted alternative explanation for 
the nature of their differences. More recently, Coolidge, Segal, and Ap-
plequist (2009) have argued that the digits backward task consists not only 
of the simple phonological loop (as measured by digits forward), but also 
taps important functions of the central executive such as active mainte-
nance of acoustic information, suppression of the prepotent response to 
repeat the information as heard, and shifting tasks between forward and 
backward repetition. Coolidge, et al. also empirically demonstrated that 
phonological storage capacity, as measured by the digits backward task, 
could be a measure of “inner speech,” that is, the internal thought process-
es involved in social and interpersonal decision making.  

Therefore, in the present study it was reasoned that if language is 
an important component of Theory of Mind and phonological storage ca-
pacity is a critical bottleneck in language comprehension and production, 
then the digits backward task might be predictive of performance in The-
ory of Mind tasks. Specifically, it was hypothesized that it would not be 
simple phonological storage capacity as measured by digits forward that 
would predict better Theory of Mind, but digits backward would be a bet-
ter predictor because it not only consists of simple phonological storage 
capacity (which is required to hold the increasing embedded beliefs), but 
also taps important central executive functions, particularly the suppres-
sion or inhibition of prepotent responses (i.e., the way language is natu-
rally acquired in a forward direction). 
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Method
Participants

The participants were 34 Midwestern high school students, 15 girls 
and 19 boys, all Euro-Americans, who ranged in age from 15 to 17 years 
old (Mdn = 16.0 yr.). All participation was voluntary. No incentive was of-
fered for participation. Prior to the experiment, none of the participants 
knew anything about the study other than they were volunteering for a 
memory experiment involving social cognition. Debriefing was provided. 
The present study received approval by meeting the guidelines for hu-
man experimentation as required by the International Science and Engi-
neering Fair. 
Materials

Phonological storage capacity tests.—Phonological storage capacity was 
measured by the two subtests of the Digit Span subtest of the WAIS–III 
(Wechsler, 1997), digits forward (the number of digits that can be repeated 
consecutively up to nine digits forward) and digits backward (the number 
of digits that can be repeated in reverse order up to eight digits backward). 
The senior author tested the participants individually in a private office at 
a high school. The participants were read the list of digits at a rate of one 
per second starting with one digit and adding one per trial (a discrete list 
of digits). In the present study, the procedure for administration of the 
Digit Span subtest was modified such that the participants were finished 
when they failed to recall a string of digits correctly. Their two scores con-
sisted of the largest number of digits forward and digits backward suc-
cessfully recalled. 

Theory of Mind task.—R. Dunbar (personal communication, January 
26, 2007) provided his operationalization of Theory of Mind, the Levels 
of Intentionality task, for the present study. The test was a revised version 
of the one used by Kinderman, et al. (1998). It consisted of a series of five 
stories, all about 200 words in length. The stories detailed common British 
scenarios using British terms and names, which were altered for an Amer-
ican high school audience, e.g., Clive to John, and tax disc to license plate 
tag. The basics of the stories were not altered, just some of the vocabulary. 
The stories depicted complex social situations that required the partici-
pants to understand levels of intentionality, from two to six levels. They 
were tape recorded by the experimenter and were played back to the par-
ticipants during individual testing sessions. During playback, the stories 
were presented visually on an overhead projector. Participants were giv-
en a packet that had a set of 10 true or false questions on each story (with 
one having 11 questions). The 10 questions were composed of five factual 
questions (six factual in the 11-question story) and five questions with in-
creasing levels of intentionality from 2 to 6. In scoring, the factual ques-
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tions were worth 1 point, Level 2 intentionality worth 2 points, Level 3 in-
tentionality worth 3 points, etc. If the participant got a question correct, all 
the points were given; if they missed a question, none of the points were 
given. The total maximum score was 100 points. 
Procedure

To control for test effects, the presentation of the digit span tests and 
the Levels of Intentionality test was counterbalanced: half of the partici-
pants were given the digit span tests first, and half of the participants re-
ceived the Levels of Intentionality test first. For the Levels of Intentionality 
test, after the first story was presented, the participants turned the packet 
over to the first page and answered the questions on the first story, with-
out being able to refer back to the story. Then the second story was pre-
sented, and the participants turned the page and answered the questions 
on that story. This procedure continued for all five stories. 

Results
Internal Consistency Reliability

Cronbach coefficient α was calculated for the Levels of Intentional-
ity data; α = .55 for the 25 questions (5 levels of intentionality for 5 stories) 
for the 34 participants, indicating moderate internal consistency. Upon ex-
amination of the mean number correct for the five levels of intentionality 
across the five stories, it appeared that while Level 2 had a significantly 
higher mean correct than all other levels and Level 4’s mean was signifi-
cantly greater than Level 5’s mean, there were no significant differences 
between the means of Levels 3 and 4, or between the means of Levels 5 
and 6. Theoretically, at least, it would seem that as the level of intention-
ality increases, performance should decrease. Thus, the relatively weak 
internal consistency may be due to the manner in which the questions in 
this Level of Intentionality task are worded. Psychometric research should 
correct this aspect of the task in future studies. 
Score Variation

The range of scores for the digit span forward test was 4 to 9 with a 
mean of 6.1 (SD = 1.2). The range of scores for the backward digit span test 
was 2 to 8 with a mean of 4.3 (SD = 1.3). The range of scores for the Theory 
of Mind task was 51 to 100 with a mean of 74.9 (SD = 12.9). 
Statistical Analyses 

The Pearson product-moment correlation coefficient (Pearson’s r) 
was calculated between the scores on the digit span forward test and the 
overall score on the Theory of Mind task and between the scores on the 
digit span backward test and the score on the Theory of Mind task. The 
correlation between the digit span forward test and the Theory of Mind 
task was not significant (r32 = .23, p > .05). The correlation between the digit 
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span backward test and the Theory of Mind task was significant (r32 = .46, 
p = .006). The latter correlation was significantly greater (p < .05; Fisher’s z 
transformation).
Sex Differences

Three independent t tests were also performed between the 19 boys 
and 15 girls to assess whether there were any sex differences in perfor-
mance on the digit span forward, backward, or Theory of Mind task. 
For digit span forward, the girls had a significantly higher mean score 
(M = 6.6, SD = 1.3) than the boys (M = 5.7, SD = 1.1; t32 = 2.27, p = .03), with a 
large effect size (correlation of effect size = .37; see Rosnow & Rosenthal, 
1996, for an explanation of the correlation of effect size). For digit span 
backward, there was no significant difference between the sexes. The girls 
had a mean score of 4.1 (SD = 0.9) and the boys had a mean score of 4.4 
(SD = 1.5; t32 = –0.53, p = .60), with a very small effect size (correlation of ef-
fect size = .09). For the Theory of Mind task, there was again no signifi-
cant difference between the sexes (girls M = 78.4, SD = 11.2; boys M = 72.2, 
SD = 13.8; t32 = 1.41, p = .17), with a medium effect size (correlation of effect 
size = .24). 

Discussion
The general hypothesis of this study was supported: higher Levels of 

Intentionality were associated with greater phonological storage capac-
ity. Furthermore, the specific hypothesis of this study was supported, i.e., 
there was a significant and positive relationship between performance on 
digits backward and Levels of Intentionality. In addition, as hypothesized, 
the correlation with Levels of Intentionality was stronger for digits back-
ward than for digits forward. This study also showed a mild corrobora-
tion of the commonly held idea that girls are better at social cognition than 
boys. 

As noted previously, it has been hypothesized that the digits back-
ward test requires not only greater phonological storage capacity but also 
appears to tap working memory capacity. Based on the findings in the 
present study, it is tentatively proposed that phonological storage capac-
ity may “allow” greater Theory of Mind and may serve as a kind of “bot-
tleneck” to the development of Theory of Mind. Of course, a correlation 
does not indicate a causal relationship. Therefore, these results do not nec-
essarily indicate that greater phonological storage capacity implies better 
social cognition, although it is certainly a provocative finding and worthy 
of further study. 

The specific manner in which phonological storage capacity (as mea-
sured by digits backward but not necessarily digits forward) is related 
to comprehending higher levels of intentionality requires further expli-
cation. As recently noted by Shelton, Elliott, Hill, Calamia, and Gouvi-
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er (2008), standard clinical practice with the Wechsler intelligence tests 
combines digits forward and digits backward into a single measure, the 
Digit Span subtest, despite questions regarding this practice (e.g., Reyn-
olds, 1997). As Coolidge, et al. (2009) have noted, good performance on 
the digits backward task requires adequate phonological capacity, similar 
to performance on digits forward. However, in addition, the digits back-
ward task also requires suppression of the prepotent response to repeat 
verbal stimuli verbatim and the alternation and coordination of two on-
going tasks (repeating the digits backward out loud while repeating the 
digits forward subvocally in order to be able to repeat them backward 
out loud, especially when the number of digits becomes greater). In this 
manner, digits backward requires some of the central executive functions 
mentioned by Baddeley, i.e., suppression of prepotent responses, atten-
tion, and task switching. Thus, phonological storage capacity, as mea-
sured by digits backward in the present study, may be related to under-
standing higher levels of intentionality not only because it is a measure of 
how many relationships may be kept in mind, but also because inferring 
higher levels of intentionality requires some of the central executive func-
tions of working memory. As noted previously, Moses (2005) claimed that 
executive functions, particularly inhibition and suppression, are critical to 
the emergence of Theory of Mind, since it is unlikely that Theory of Mind 
is critical to the emergence of executive functions. Obviously, the specific 
nature of the central executive functions that are required for advanced 
Theory of Mind requires further study. 

The present study was obviously limited by a small sample size and 
a relatively homogeneous group of high school students. A future study 
should also include more than a single judge for assessing the levels of in-
tentionality or a method where the correct answer for a particular level of 
intentionality is more clear (e.g., multiple choice answers). 

Dunbar (2000) has suggested that an important component in human 
evolution was the evolution of social cognition. His hypothesis is that as 
neocortex size increased, Theory of Mind abilities increased. It is interest-
ing to speculate that phonological storage capacity may have restricted 
the full development of Theory of Mind. However, the present findings 
appear to suggest that it is not simply rote repetition or simple acoustic 
storage capacity that is essential to understanding higher levels of inten-
tionality. Instead, it appears that higher levels of intentionality do require 
greater storage capacity but also require the operation of some working 
memory functions (e.g., inhibition). In other words, it does not seem to be 
the ability to simply hold a large number of thoughts in mind, but rather 
the ability to combine and rearrange thoughts or ideas that are temporar-
ily held in mind that may make Theory of Mind possible. 
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