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ABSTRACT
Aim: To investigate the relationship between mental imagery and specific language

impairment (SLI) and explore the assumption that children with SLI are less able to

generate mental images and/or convert them, when compared to typical development

(TD) children of the same age.

Methods: Twenty-four children, aged six to eight, took part in two tests to see how well

they generated and rotated mental images. The participants were 12 SLI children (six boys

and six girls) and 12 TD children (six boys and six girls), matched by age and gender.

Results: The statistical analysis showed a significant difference between the two groups

when it came to generating mental imagery. However, there were no significant differences

with regard to rotating mental imagery.

Conclusion: The results suggest imagery deficit in language-impaired children is not

caused by mental rotation, but by other aspects of image processing, such as generation,

maintenance and interpretation of visual images.

INTRODUCTION
Specific language impairment (SLI), also called specific
development disorder in speech and language, is charac-
terized by productive and receptive deficits that lead to
difficulties in both producing and understanding language
and in the use of syntactic rules. This impairment has been
described as a specific difficulty in linguistic elaboration or,
alternatively, as a more general deficit in information
processing (1). The DSM IV (2) classification of diseases
defines the exclusionary and discrepancy criteria required
for a diagnosis of SLI. These criteria are as follows:
performance on a language test is below the child’s
chronological age; a discrepancy exists between the child’s
language skills and his/her non-verbal abilities and the
language impairment cannot be attributed to any other
cause. The DSM IV also includes a criterion that the
language difficulties interfere with academic or occupa-
tional achievement or with the social communication of the
individual with SLI.

In addition, SLI children often show deficits in other
cognitive abilities, such as memory, attention and visuo-
spatial processes. Moreover, they are less able to use non-
verbal representations, such as gestures, symbolic play,
imitation and mental imagery, compared with typical
development (TD) children (3–5).

Mental imagery is the activation of an internal represen-
tation without an external stimulus. It is independent, but
strictly correlated with the other cognitive functions, such

as perception (6). Scientific research on mental imagery has
mainly focused on mental rotation, which is produced by
the relationship between the spatial operations and the
capacity to recognize movement. The pioneers of research
on mental rotation in adults were Shepard and Metzler (7).

Gloria S Marmor adapted Shepard and Metzler’s tech-
niques for children and showed that, by the age of five, they
have the ability to rotate mental images (8). Moreover,
Kosslyn (9) has discovered that imagery is not a single
ability, but a group of skills (image generation, mainte-
nance, scanning and manipulation) that develop individu-
ally at first and then together as people get older.

Key notes
� Children with specific language impairment showed

significant differences in how they generate mental
imagery when compared with other six to eight-year-
olds with typical development.

� However, there were no significant differences between
the two groups when it came to rotating mental
imagery.

� The results suggest imagery deficit in language-
impaired children is not caused by mental rotation,
but by other aspects of image processing, such as
generation, maintenance and interpretation of visual
images.
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The relationship between mental imagery and SLI is of
interest in clinical and research fields. Mental imagery has a
powerful effect on comprehension, memory and reading
performances. Moreover, representational imagery tech-
niques could improve children’s comprehension and mem-
ory (4). For example, Joffe, Cain and Maric (10) have shown
that a relatively short intervention in the use of mental
imagery is an effective way to boost how SLI children
understand stories.

Research into mental imagery in SLI children has not
produced consistent findings. Johnston and Weismer (11)
showed that SLI subjects were slower to perform mental
rotation than their age-matched peers. In contrast, Savich
(12) found that SLI children differed from TD children in
accuracy, but not in speed. Savich’s findings agree with
those obtained in several studies (13–17).

Our study investigated mental imagery in SLI children,
based on the assumption that SLI children would find it
more difficult to generate mental images and/or perform
mental rotation than their TD peers. It sought to provide an
in-depth investigation into the different aspects of mental
imagery skills, in order to better analyse the relationship
between mental imagery and SLI.

Previous studies have highlighted mental imagery in SLI
children, but most of these were conducted using specific
tasks. This study aims to overcome the limitations of
previous studies using instruments that analyse the different
aspects of mental imagery skills (generation, manipulation
and rotation).

The findings of this study could be of interest to profes-
sionals working in educational, clinical and rehabilitative
fields. They could also help physicians, psychologists, teachers
and therapists to find new methods or intervention strategies
to enable children with SLI communicate effectively.

METHODS
Participants
This research is a part of a larger study investigating
cognitive abilities in children with SLI. Two groups of
Italian children participated in this study: 12 SLI children
(six boys and six girls with a mean age of 7.13 years,
standard deviation 0.78) and 12 TD children (six boys and
six girls with a mean age of 7.07 years, standard deviation:
0.83). The groups were matched by gender and age.

Diagnosis of the children in the SLI group was confirmed
by Italian Public Health Services, according to the DSM IV
criteria. In particular, the children were assessed by a
psychologist using a standardized intelligence test and by a
speech therapist using a standardized language develop-
ment test. The Illinois Test of Psycholinguistic Abilities
(ITPA) was also administered. The SLI children obtained
scores (18) indicating language impairment. They were
recruited from two rehabilitation centres in a town in
southern Italy, where they took part in both individual and
group speech/language therapy.

The second group comprised children with typical lan-
guage development who were selected during a summer

camp and chronologically age-matched within three
months of the SLI children. None had a history of
speech/language disorder, and they all attended public
schools, where they achieved age-appropriate levels in both
learning and behaviour. They also achieved normal scores
in the ITPA.

All participants were of middle socio-economic status
and native speakers of standard Italian. None had a history
of any neurological deficit.

Procedures
Measures
The study was conducted using three instruments: the ITPA
assessed language skills, the mental rotation test measured
mental rotation and the Finke test measured mental
imagery generation and manipulation.

The ITPA is an effective measure of children’s spoken
and written language. It contains 12 subtests that assess
different aspects of language, including oral, written, read-
ing and spelling and identifies children with general
linguistic delay in the development of spoken and written
language. The ITPA provides different composite scores for
clinical and diagnostic use. Our research used the ‘general
language composite’ score, which combines the results of all
12 subtests. According to the authors, this score is the best
single estimate of linguistic ability, because it reflects the
widest range of spoken and written language. The ITPA
presents good psychometric features: internal consistency,
stability, reliability and validity.

The mental rotation test consists of two tasks (‘mental
rotation of car’ and ‘rotation of hand’). It is a readjustment
of the test used by Funk, Brugger and Wilkening (2005) in a
study on mental rotation skills (19). The ‘mental rotation of
car’ task (see Fig. 1) presents drawings of cars in four
different angles of rotation, along the vertical axis and in
two driving directions, facing to the right or to the left (at
0°). The eight stimuli are shown at random in the centre of a
portable computer monitor, and the subject has to decide
whether the car was driving to the right or left by pressing
the left or right button in front of the monitor. Their
‘accuracy’ and ‘response time’ are assessed.

In the ‘mental rotation of hand’ task, the stimuli are
photographs of human left and right hands, with palm or
back view, each rotated at 0°, 90°, 180° and 270° (see
Fig. 1). The 16 stimuli are shown at random in the centre of
a portable computer monitor. Using the same keyboard as
the car test, the children have to decide whether the
stimulus represents a right or left hand. They then press the
corresponding button. The children were not allowed to
move their hands, and they were covered with a cloth so
that they could not look at them. ‘Accuracy’ and ‘speed’
were assessed.

In the Finke test (20), subjects are shown simple
geometric shapes presented in random order (a triangle, a
semicircle and an upside down ‘J’). They are asked to
assemble all these elements and mentally generate an
object, and interpret it in a way that the object would gain
a meaning for them. In addition, the subjects were able to

540 ª2013 The Author(s)/Acta Pædiatrica ª2013 Foundation Acta Pædiatrica 2013 102, pp. 539–543

Mental imagery in children with specific language impairment Guarnera et al.



produce a completely new idea which could serve a specific
purpose.

The scores covered the following variables: ‘Shapes used’,
‘Rotation-reversal’, ‘Dimensional change’, ‘Overlap-inter-
section’, ‘Inclusion’, ‘Figurative authenticity’ and ‘Interpre-
tative authenticity’. The scores for the first five variables
ranged from 0 to 3, and the scores for the other variables
ranged from 0 to 2.

The verbal instructions were simple and appropriate to
the linguistic levels of the participants. Children did not
have to give their answers verbally and were free to express
themselves as they wished, for example through a gesture or
drawing.

Statistics
T-test analyses and Mann–Whitney U-test examined differ-
ences in the mental rotation test scores with respect to the
variables ‘gender’ and ‘group’ (SLI and TD children).

RESULTS
There were no significant gender differences with regard to
the generation and rotation of mental imagery. Analysis of
the two groups showed that SLI and TD children did not
differ when it came to the ‘accuracy’ and ‘speed’ with which
they performed mental rotation performances. Differences
were observed between the two groups in the Finke
‘Overlap-intersection’, ‘Figurative authenticity’, ‘Interpreta-
tive authenticity’ and ‘Novelty–utility’ scores (see Table 1).
In particular, the SLI subjects intersected or overlapped
fewer shapes than the TD children of the same age. The SLI
children were less adept at combining the stimulus shapes
and less creative in providing an original meaning for the
synthesis image created (Figurative Authenticity and Inter-
pretative Authenticity). Moreover, the SLI children differed

from the TD children in how they managed to produce a
completely new idea that could serve a specific purpose
(Novelty–Utility; see Fig. 2).

In conclusion, the SLI children did not perform as well as
their age-matched peers in the Finke test, but not in the
mental rotation tasks. The SLI children did not present
difficulties inmental rotation, but they did show a lower level
of ability in the other aspects of mental imagery, such as
generation, construction andmanipulation, than their peers.

DISCUSSION
The present study highlights several interesting points
concerning the relationship between mental imagery and
specific language impairment (SLI). Preliminary, gender
difference analysis showed that there are no significant
differences in rotation and generation of mental imagery.
This result is consistent with the findings of Roberts and
Bell that gender differences strongly depended on the age of
subjects (21).

Figure 1 Sample stimuli out of the set of stimuli given during the mental rotation test (car and hand rotation test).

Table 1 Significant scores differences in the Finke test between SLI and TD children

Groups† Mean Rank Mann–Whitney U-test

F Overlap-Intersection SLI 9,50 36*

TD 15,50

F Figurative Authenticity SLI 9,58 39*

TD 15,42

F Interpretative Authenticity SLI 9,67 38*

TD 15,33

F Novelty–Utility SLI 10,00 42*

TD 15,00

*Sig: p < .05.
†Groups: SLI, SLI children; TD, Typical development children.
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With regard to the principal aim of this research, the
findings showed that the SLI children did not differ from
children with typical development with regard to mental
rotation skill. The SLI children carried out mental rotations
with the same ‘accuracy’ and ‘speed’ as the TD children.
These results help to clarify the conflicting research results
(11,12,17) on the relationships between language and
mental imagery. The SLI children did not experience
difficulties in mental rotation, but they struggled with the
other aspects of image processing, including the generation,
maintenance and interpretation of images (6). The Finke
test showed that the SLI subjects intersected and over-
lapped fewer shapes than TD children of the same age.
According to the Finke model, this indicates that the SLI
children were less able to construct mental imagery. It is
important to highlight that mental imagery construction
plays a pivotal role in creativity, thinking, memory and
imagination. It also influences problem-solving and reading
performances. When the SLI children were compared to
peers with typical development, they were less adept at
generating stimulus shapes and less creative in interpreting
the meaning of the synthesis image produced. In this regard,
Kosslyn (22) assumes that various subcomponents of
imagery processing are present with differential efficiency
in the two cerebral hemispheres. In particular, the left
hemisphere generates images that allow categorical rela-
tionships, while the right hemisphere specializes in gener-
ating images based on spatial coordinates, such as mental
rotation. This could explain why the SLI children per-
formed differently in the various mental imagery tasks.
Their language difficulties would, in fact, suggest a left
hemisphere dysfunction and would prove that these sub-
jects experience no difficulties in mental rotation.

Our results show the strong relationship between lan-
guage impairment and impairment in procedural skills,
such as the ability to mentally represent an action, and to
gain appropriate representational gestures (23). This
impairment could result in a representational deficit that
extends beyond language (24,25).

In conclusion, our findings could prove important and
relevant to rehabilitative and clinical fields. Strategies and
intervention programmes for language impairment often

include techniques that require the use, generation or
manipulation of mental images. For example, augmentative
and alternative communication (AAC) uses visual language
systems to help children with communication skills. AAC
uses text, gestures, facial expressions, touch, sign language,
symbols, pictures and speech generating devices, etc. The
problems that children with SLI experience with mental
imagery should be taken into account when using tech-
niques that require the generation, construction, manipula-
tion and use of mental images. For this reason, specific
assessment and training in the use of mental imagery could
be usefully inserted into rehabilitative programmes for SLI
children, to increase their ability to use AAC techniques.
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