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Proposal Summary 
Metaphor is more than a figure of speech; it is a figure a thought. In fact, theories on embodied cognition have 
shown that the human conceptual system is inherently metaphorical - both physical and abstract concepts are 
learned through the sensorimotor system, with more abstract concepts relating to the more physical ones 
through a common experiential basis. This connection between concepts that share a common experiential 
basis is enabled by a cross domain conceptual mapping that happens automatically in typically-developing 
individuals. This mapping, however, seems to be missing in individuals with autism spectrum disorder (ASD). 

Past studies have shown that individuals with ASD have difficulty in metaphor comprehension. Interestingly, 
the key impairment is a social deficit in reading and communicating intention. If, indeed, metaphor entails 
cross-domain conceptual mapping, is it possible that intention communication can also be explained by a 
mapping between the mental representation of a sender and that of a receiver? Intention communication 
happens when the two representations are in sync, and when the link between this mapping is missing, 
intention communication also breaks down. 

Following the above reasoning, the proposed project explores the following questions: (1) How does 
performance in metaphor comprehension relate to performance in theory of mind? (2) Does materializing 
thoughts make intention reading easier? (3) Does perceptual similarity between the sender and the receiver 
make intention reading easier? The answers to these questions can provide insights into the possibility that 
theory of mind can be intervened and achieved through metaphor training. 

 

1. Theoretical Background 
1. 1 I see, understanding is seeing 
Metaphors are ubiquitous in everyday communication, so much so that the cognitive processes they require 
often goes unnoticed. Metaphorical thinking as theorized from the embodied cognition perspective builds upon 
the notion that all concepts, whether physical or abstract, are learned through physical experiences that register 
through the sensorimotor system. Physical concepts such as running, flowers, and people are more obvious and 
easier to grasp because they can be physically performed, seen and felt. Abstract concepts, however, usually 
requires an extra step, namely, a conceptual mapping from a source domain to a target domain (Lakoff & 
Johnson 1980). For instance, when we say, “His mind is full of great ideas”, mind is treated as a container, 
ideas as objects. The mapping from “container” (a source domain) to “mind” (a target domain) is activated by 
the physical basis that both of them contain, one physically and one mentally. Similarly, the mapping from 
“objects” to “ideas” is activated by the aspect that both of them can be handled and manipulated, again one 
physically and the other mentally. In fact, the conceptual mapping goes beyond attributional mapping to 
encompass relational mappings across domains. In a simple sentence such as “I see”, “seeing”, a physical 
experience “, is mapped onto “understanding”, an abstract experience, with the experiential basis being 
understanding something entails similar mental process as taking in information physically through seeing. 
This structured mapping on both the attributional and the relational level points to centerpiece of the embodied 
cognition theory on metaphor - the human conceptual system is inherently metaphorical, and our ability to 
make sense of the physical and social environment relies heavily on our ability to make analogical connections 



between different conceptual domains. In short, metaphor is primarily conceptual, and may be manifested as 
linguistic, gestural, or visual. 

 

1. 2 We just can’t help linking 
Numerous past studies on embodied cognition have confirmed the metaphorical nature of human thought. It is 
shown to be a robust phenomenon not only in language, but also in imagery, emotion, gesture, etc. For 
example, emotion words actually go beyond communication to help constitute emotional perceptions 
(Lindquist, Satpute, Gendron, 2015). Here, the effect of language on emotional perceptions is made possible 
by the mapping from the actual emotional experiences grounded in the body to the linguistic symbols 
conventionalized to express the emotions. Similarly, physical pain and psychological pain are metaphorically 
linked through the same neurological basis – the bilateral anterior insula and the anterior cingulate are active 
both when one is experiencing physical pain oneself and when observing the experience of pain in a loved one 
(Singer et. al, 2006). Interestingly, the pain reaction in the anterior insula is lower when observing a stranger. 
Along the same line, gestural communication by a more perceptually similar sender activates more 
engagement with the sensory-motor representations in the receiver, possibly due to a higher overlapping 
between the representation of the other and the representation of the self (Liew, Han, Aziz-Zadeh, 2011). From 
a neural perspective, conceptual metaphors are physical circuits in the brain allowing the consequences of 
source domain activation to apply in the cases of target domain activation (Lakoff, 2014). Thus, emotional 
reactions are activated by emotional words, pain reactions activated by psychological pain, and internal 
sensorimotor representations activated by observing an action performed by another individual. It is worth 
noting that, in the latter two, the degree of activation presumably differs for different amount of overlap in 
mental representations. 

 

1. 3 Communicating is linking 
Sperber and Wilson’s (1986) relevance theory makes very clear the role of understanding mental states in 
human communication. They theorize that human communication is more than a system or encoding and 
decoding linguistic or gestural messages (“informative intention”) – it requires a synchrony of the 
“communicative intention” between the sender and the receiver. In other words, not only is the literal 
information contained in the message mapped from the sender’s mental representation to that of the receiver’s, 
but more importantly, the implied intention the message contains. Given that the metaphorical circuits 
discussed above is at work in gestural recognition through activation of the mirror neuron system, it seems 
plausible to reason that, intention recognition, which, according to Rizzolati & Arbib (1998), executes through 
the same system, can also be mapped from one individual to the another. It is shown that an observation 
execution mirror neuron system provides a necessary bridge that links the “doing” of one individual and the 
mental representation of “doing” in another individual, making intentional communication possible. This link 
between the receiver and the sender seems to delineate a mapping very much like the metaphorical mapping 
suggested by Lakoff. Under the framework of metaphorical mapping, the representation of other (the target 
domain) is mapped onto the representation of the self (the source domain); the more distant and abstract is 
mapped onto the more direct and physical. Therefore, the representation constituted by both the “informative 
communication” and the “intentional communication” is transferred from the sender to the receiver, resulting 
in a shared understanding of both the information and the intention. 

 

1. 4 Where did the link go 
Although communications as consisted of “informative intention” and “communicative intention” happen 
almost effortlessly and automatically in typically developing individuals, they have been shown to be 
challenging, if not dysfunctional, in individuals with ASD. One currently influential theory of autism proposes 
that the key impairments in communication and socialization results from a fundamental deficit in “theory of 
mind” – the ability to attribute mental states to the self and others, or the “communicative intention”. Given 



that an understanding of communicative intention is dependent upon synchrony or link between the sender and 
the receiver through activation of the same neurological representation, then communication would be 
disrupted when the physical basis of this link is lacking. In other words, a breakdown in the link between the 
domain of the other and the domain of the self leads to a disconnection between the other and the self, hence a 
failure in conveying the “communicative intention” but not necessarily the “informative intention”. In fact, 
some studies have shown that the communication impairments in individuals with ASD seem to indicate a bias 
towards using “literal language” (local processing) and a deficit in “metaphorical language” (global 
processing) (Hobson, 2012; Happé and Frith 2006; Norbury, 2005). Literal language, according to Happé, 
corresponds to the instrumental encoding and decoding of “informative intention”; metaphorical language, in 
contrast, corresponds to the pragmatic integration of “commutative intention”. This is supported by the finding 
that protodimperative pointing (pointing to get something) was intact while protodeclarative pointing (pointing 
to share attention) was impaired in children with ASD (Baron-Cohen, 1989). If, indeed, the “communicative 
intention” is a form of metaphorical thinking as inferred by reasoning, a training that improves the 
metaphorical comprehension will also lead to better understanding of “communicative intention”, or theory of 
mind. 

 

1. 5 Find a way to link minds 
Past studies have attempted various ways to improve theory of mind in typically developing as well as 
individuals with ASD. Most literally, similes are shown to lead to better metaphor comprehension than 
metaphors (Shulman, Yirmiya,& Greenbaum, 1995). The rationale was that similes employ a more explicit 
comparative structure, “is like”, whereas the comparative structure is implied in metaphor. Furthermore, 
although the insertion of “like” helped children with ASD to physically enact the meaning of the metaphorical 
sentences tested, it did not always lead to correct verbal paraphrases, consistent with the conceptual nature of 
metaphor. Gesturing, on the other hand, is found to improve moral reasoning performance through possible 
mediation of increased perspective taking ability (Beaudoin-Ryan & Goldin-Meadow, 2014). Children who are 
told to gesture produced significantly more responses involving multiple perspective, a form of cognitive 
flexibility that is not shared by individuals with ASD (Happé, 1995). A more novel intervention devised by 
Baron-Cohen, Gomez, & Walsh (1996) in teaching theory of mind used a set of training methods that involves 
analogical reasoning. It is shown that whereas children with autism have severe difficulty in understanding 
mental states as representations, they are able to understand physical states as representations (Charman and 
Baron-Cohen, 1995). Physical photographs, therefore, were used as embodied mental representations to help 
children with autism understand real mental representations. The metaphor “mind as a camera” was used as 
explicit instruction to help them achieve an understanding of mental state. The results of the study, however, 
indicate that although all children were able to understand photographic representation and use the strategy of 
visualizing photos in characters’ heads to predict the character’ s behavioral intention (Route C, Figure 1), 
none of the children could use the strategy to predict a character’ s mental states, or theory of mind (Route 
A+B, Figure1). One explanation for the disconnection (Route A) between photographic and mental 
representations is that photographic representation, though physical, is still external to the mental 
representation of the self. Or rather, the more analogy focused design of study might never have brought out 
the power of metaphor completely. Building upon the theory of embodied cognition and the metaphorical 
nature of thought, the proposed study will investigate whether theory of mind could be improved by a more 
explicit training on mentally building the link between self/other representations through materialized 
metaphor. 



 
Figure 1. Children with ASD are able to predict behavioral intentions from photo representation but not from mental representation. 
Strengthening Route, A + B is the equivalent of strengthening theory of mind. A+ B could be break down in to: (1) Route A: a mapping between 
a physical representation of seeing (source domain) and a mental representation of knowing (target domain) (2) Route B: a mapping between 
one’s representation of knowing (source domain) and another person’s representation of knowing (target domain). These two sequential 
mappings are both needed to predict the mental state of the other person, which is by definition, theory of mind. 

 

2. Questions and Hypotheses 
The proposed experiment will build on the study of Baron-Cohen et al. (1996) and expand on two dimensions 
that are predicted to lead to differing degrees of improvement on theory of mind: (1) Degree of embodiment: 
Observing/ Enacting and (2) Perceptual similarity of the character: High similarity to the self/ Low similarity 
to the self. The baseline condition: Observing-Low similarity is a replication of the procedure used in Baron-
Cohen et al. (1996). The research questions are as follows: 

 

QUESTION 1: How does performance in metaphor comprehension relate to performance in theory of 
mind? 

The question is to test the theoretical reasoning presented in 1.4, that metaphor comprehension shares the same 
conceptual structure with intention reading, or theory of mind. Also, given the experimental evidence by 
Happé (1995) that theory of mind reliably predicts metaphor comprehension, I hypothesize that the two are 
highly correlated. 

 

QUESTION 2:  Does the degree of embodiment (Observing/Enacting) affect metaphor comprehension 
and theory of mind learning? 

It has been shown that treating thoughts as physical objects can affect the impact of the thought – people rely 
on their thoughts more when they retain a physical representation of their thoughts (Brinol, Gasco, Petty, & 
Horcajo, 2012). The same study also showed that performing an action physically leads to a stronger effect 
than merely visualize the action being done mentally. Thus, I hypothesize that enacting the metaphor will lead 
to better metaphor comprehension and theory of mind learning. 

 

QUESTION 3: Does perceptual similarity of the communicator (High similarity to the self/ Low 
similarity to the self) lead to differing outcome in metaphor comprehension and theory of mind learning? 

As is mentioned in 1.2, perceptual familiarity of a gesturer leads to higher engagement of the sensorimotor 
representations and emotional responses. I hypothesize that communicators that are more perceptually similar 
to self lead to stronger link between the representation of the self and that of the other, and subsequently better 
metaphor comprehension and theory of mind learning. 

 



3. Research Design and Methods 
3.1. Participants 
Forty children with ASD who have been diagnosed according to established criteria of autism (DSM-5, 2003) 
will be recruited. Verbal mental age (VMA) will be assessed using the Test of Receptive of Grammar (TROG; 
Bishop, 13). The chronological age of the participants will range from approximately 9 to14 years old and the 
Verbal Mental Age from 5 to 6 years old. All the participants will be pre-tested with the classical version of the 
Sally-Anne false-belief task (refer to 3.3.2 for detailed description of the task) (Baron-Cohen et al., 1985) for 
theory of mind, as a central aspect of being able to infer a mental state involves attributing a false belief. 
Baron-Cohen et al. (1985) has demonstrated that children with ASD, even those with mental ages well above 4 
years, failed this simple false-belief task. The age range considered in the current study is meant to ensure a 
meaningful assessment of the baseline level of theory of mind by excluding those who are, for various reasons, 
either too advanced or too behind in the development of a theory of mind. 

 

3.2. Materials 
3.3.1 Training stimuli 

For Low Perceptual Similarity group, a large, life-size uncolored manikin’s head (commercially available) is 
adapted for training. A thin slot cut in the top of the head enabled a photo to be inserted so that the picture was 
literally inside the manikin’ s head and out of sight from the child. For high perceptual similarity group, a life-
size colored wax head with more elaborated facial features is used for training. Similarly, a slot is cut to insert 
photos in the top of the head. Photographs of objects and events used throughout teaching will be prepared 
beforehand, using a Polaroid camera. The 5 objects used will be a slipper, a ball, a hand puppet, a bat, a toy 
dinosaur, and a pink bottle. 

 

3.3.2 Metaphor and ToM tasks 

1) Classical Sally-Anne false-belief task (S-A) (Preliminary participant selection) 

This task is used to control for variability of baseline theory of mind during the participant selection 
phase. In this task, character A places an object in location X. In A’ s absence, character B moves the 
object to a new location, Y. When A returns, the child is asked “Where will A look for her ball?” To 
pass this test the child has to understand that A will have a false belief about the true location of the 
object and so search in the wrong location. 

 

2) Metaphor comprehension task (Pre and post training) 

This task is adapted from that of Happé (1993). Each child will be asked to complete six sentences in 
each of three conditions: synonym, simile, and metaphor. To control for possible differences in 
conceptual complexity of individual items, three versions of each sentence will be constructed and 
counterbalanced across subjects. The task in the current study differs from Happé’s (1993) in one 
aspect: conditions are mixed and items randomly ordered so that each participant will answer all 18 
items in one sitting. This is to avoid a response bias that might result from presenting the same type of 
item in blocks. Each item will have its own choice of four words that could complete the sentence. 
The experimenter will read each sentence and all four choices aloud to the child as many times as 
necessary. The child will be asked to circle the word that completes the sentence and helps the 
sentence make sense. A practice item will be provided and feedback given on that item. Items will be 
scored as correct or incorrect. A composite score for metaphor comprehension will be calculated. 

 

An example of an item on the task is given below: 



Synonym: Father was very very cross; he really was _____. (correct choice is “angry”) 

Simile: Father was very very cross; he was like _____. (correct choice is “a volcano”) 

Metaphor: Father was very very cross; he really was _____. (correct choice is “a volcano”) 

 

3) The Seeing-Leads-to-Knowing Task (S- K). (Pre and post training) 

Modelled closely on Baron-Cohen and Goodhart (1994), this is a task that assesses the mapping 
between the physical representation and the mental representation, or Route A in Figure 1. Passing 
this test requires an understanding that seeing is knowing, or the ability to map a mental representation 
of knowing (target domain) to a physical representation of seeing (source domain). Each child will be 
shown two doll characters, one of whom looks into a box and one of whom simply touches the box 
while the box’ s lid remains closed. The child will then be asked “Which one knows what is in the 
box?” 

There will be three trials at pre-test and three at post-test. The character who looks will vary randomly 
across the trials. For pre-test as well as post-test, all three presentations of a task have to be answered 
correctly before they were counted as “passing”. The final score for this task is coded in terms of 
percentage passing. 

 

4) The M&M Task (M-M). (Pre and post training) 

Adapted from the false-belief paradigm used by Perner, Leekam, and Wimmer (1987) and Perner et 
al. (1989), this task assesses the mapping between mental representation and behavioral intention, or 
Route B in Figure 1. Passing this test requires the ability to map the other person’s belief (target 
domain) onto one’s own belief (source domain) and predict the mental state of the other person based 
on the experiential basis of the self. The child is presented with a M&M packet and is asked what is 
inside. When the child responds that the packet contains M&Ms (a correct assumption) the 
experimenter shows the child that, in fact, the packet contains a pencil. The child is then asked about 
his or her own belief (“Before we opened it, what did you think was in here?”) and about another 
person’ s false belief (“If we show this to X, what will X think is in there?”). Three trials were 
presented at pre-test and two at posttest; each involved different materials. Again, for pre-test as well 
as post-test, all three presentations of a task have to be answered correctly before they were counted as 
“passing”. 

 

3. 3. Procedure 
The design of the current study is adapted from the original study of Baron-Cohen, Gomez, & Walsh (1996). 
The three transfer tasks (1 metaphor, 2 ToM) will be administered before and after the five-day block of 
training. The experiment will start with the administration of three pre-training transfer tasks. The actual 
training will take place over five days in a quiet room within the school, with one individual session for each 
child per day lasting approximately 40 - 60 minutes. Each child will be taught a number of rules depending on 
the group he/she is in. The four groups are (1) Observing/ Low Perceptual Similarity (2) Enacting/ Low 
Perceptual Similarity (3) Observing/ High Perceptual Similarity, and (4) Enacting/ High Perceptual Similarity. 
Each group will go through a group-specific training with three stages before taking the three post training 
transfer tasks. 

 

1) Stage 1. Teaching basic rules for the physical-mental metaphor The child will be introduced to 
metaphors (with explicit comparative structure like that of a simile) such as “mind is like a camera” 
and “thoughts are like pictures” among 18 physical-mental dyads of metaphorical mappings across the 
physical and mental domains. This stage of training targets potential improvement in general 



metaphor comprehension supported by the explicit comparative structure that links the two domains. 
This stage also serves as a preparation for the next stage of training. All four groups are exposed to the 
same procedure during this stage. 

 

2) Stage 2. Teaching explicit rules linking the photo to mental states (Route A) Using the Sally-Anne 
false-belief task (S-A) as the basic setup of the scenario, the experimenter (E) physically demonstrates 
the metaphors “mind is like a camera” and “thoughts are like pictures”. Specifically, E introduces the 
Polaroid camera by taking several photos of familiar objects. The child and E then watch the photos 
develop. E then looks at some objects, exaggerating this by opening her eyes wide and blinking, and 
explains to the child that when she looks at something and blinks she gets a photo in her head. The 
aim of this step is to remind the child about photographs in a camera, and to introduce the metaphor 
that when a person looks at something he or she will get a photograph in her head. 

 

The four groups are then exposed to four different combinations of the embodiment condition and the 
perceptual familiarity condition. Group (1) will watch E physically demonstrating inserting the one of 
photos of an object into the slot the manikin’s (Sally) head, whereas group (2) will be instructed to 
enact the insertion of the photos into the manikin’s head. Group (3) will watch E physically 
demonstrating inserting the one of photos of an object into the more elaborated wax head (Sally), and 
group (4) will be instructed to enact the insertion of the photos into the more elaborated wax. 
Afterwards, all groups will be asked the two questions: “What is in the photo?” and “What does Sally 
think is on the table?”. If the child answers wrongly, the correct answer is given with an explanation 
that what is in the photo is what Sally thinks. The aim of this step is to teach the child to understand 
that the photographic representation in Sally’ s head indicates Sally’s mental state. 

 

3) Stage 3. Teaching Explicit Rules Linking the Photo to behavioral intention (Route B)  

In this stage, there is no reference to what Sally is thinking. The child is taught to predict Behavioral 
intention using the photograph in Sally’ s head.  

The following demonstrations are given to the child: 
Sally places object X in location A. 

Sally “takes a photo” of “X in A” (the photo is inserted into Sally’ s head). 

Sally leaves, keeping the photo of “X in A’” in her head. 

Anne enters and moves X from A to a different location, B. 

 

The child is asked: 
“What photo does Sally have in her head?” 

If the child answers correctly, the child is then told: 

“If Sally wants to find X, she will go to the place in the photo where X is.” 

The child is then asked: 

“Where will Sally look for X?” 

The purpose of this stage is to teach the children the link between mental representation and 
behavioral intention. At the end of each of the stages, it is checked whether the child has understood 
the principle involved. A child was considered to have passed (or understood) a stage when he or she 
answers correctly on three successive trials out of a maximum of six presentations. 

 



3. 4. Analyses and predictions 
3.4.1. Correlation 

A Pearson Correlation will be conducted for pre/post Metaphor Comprehension (MC) scores and theory of 
mind (ToM) scores. Both MC scores and ToM scores are predicted to increase from before to after the 
training. In addition, MC scores are predicted to be highly correlated to ToM scores, indicating a shared 
conceptual structure underlying the two. 

 

3.4.2. 2x 2 x2 ANOVA for metaphor comprehension 

A 2 (Degree of Embodiment) x2 (Perceptual Similarity) x2 (Pre/Post) ANOVA will be conducted for 
metaphor comprehension scores. Test will be a within-subject measure, whereas Degree of Embodiment and 
Perceptual Similarity will between-subject measures. The theory of embodied cognition and the theorizing of 
metaphorical conceptual system both support the predictions that physical enactment of a metaphor leads to 
better metaphor comprehension (main effect of Degree of Embodiment) and more perceptual similar 
communicators leads to better performance in MC (main effect of Perceptual Similarity) (Figure 2a and b). A 
main effect of Test is also expected. 

 

 
 

 

3.4.4. 2x 2 x2 ANOVA for theory of mind 

Compositing the scores of the S-K test (Route A) and the M-M test (Route B) (the two parts of ToM), a 
2(Degree of Embodiment) x2 (Perceptual Similarity) x2 (Pre/Post) ANOVA will be conducted for ToM 



scores. Main effects of all three factors are expected to be statistically significant, though less than those for 
metaphor comprehension (Figure 3 a and b). This is possibly due to the more derivative nature of the 
metaphorical mapping involved in ToM as compared to the more literal metaphorical mapping in the linguistic 
domain. Overall, predictions for all three analyses speaks to the effectiveness of the strategy in improving 
metaphorical thinking and theory of mind in children with ASD. 

 

4. Significance 
If the prediction holds true, that theory of mind and metaphor are highly correlated, it would be possible to 
improve theory of mind through trainings in metaphor ability. If theory of mind entails a metaphorical 
mapping between the self/other representations, and that the mapping can be strengthened by physical 
enactment of the metaphor, interventions that maximize on the physical tie of the more abstract concept would 
be most effective in improving both metaphorical thinking and theory of mind in individuals with ASD. In 
addition, if perceptual similarity does predict better synchrony of the self/other representations, therapists who 
are perceptually more similar to the individual with ASD can have a greater impact on his/her theory of mind. 
It is, however, important to note that although this structural mapping of representations can represent salient 
and categorized aspects of an experience, it can never capture the full richness of the experience. Just like 
metaphorical mappings are, in essence, many to many, improving theory of mind may need activation of more 
than one mappings at a time to be effective. Nevertheless, the proposed training will provide a novel way to 
bypass the theory of mind deficit and build interpersonal connections in children with ASD. 
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