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Abstract

Although large language models (LLMs) have been observed
to perform at a human level in theory of mind tasks, deeper
examinations and systematic testing of their performance in
these domains is needed. Primitive decomposition representa-
tions show promise for building robotic systems with greater
abilities for in-depth natural language understanding and gen-
eration. In this work, we explore representations of theory of
mind which are combinations of conceptual primitives, fo-
cusing on simulations of a Sally-Anne false-belief test. We
demonstrate how primitive decompositions into the concep-
tual building blocks of image schemas and Conceptual De-
pendency can represent the attribution of false beliefs to in-
telligent agents. The exploration has consequences for gener-
ating controlled and linguistically varied tests posed in natu-
ral language as challenge problems for large language models
and for cognitive representations more broadly.

Introduction

Large language models (LLMs) have occasionally been ob-
served to perform at or above humans level in certain kinds
of theory of mind tasks. However, deeper examinations of
LLM performance in highly controlled and varied environ-
ments (Mirzadeh et al. 2024) show the fragility of reported
results and “highlight the importance of systematic testing
to ensure a non-superficial comparison between human and
artificial intelligences” (Strachan et al. 2024).

Primitive decomposition systems have, in the past, shown
promise as representations for intelligent systems (Schank
and Burstein 1982), and more recently they have been used
to probe the understanding and reasoning capabilities of
deep learning and large language models in the face of lin-
guistic variation (Dai, Grandic, and Macbeth 2019). This
work focuses on challenges of theory of mind representa-
tions in the image schemas and Minsky-Schank Concep-
tual Dependency Trans-frames tradition of nonverbal prim-
itive decompositions. In this work, we simulate a Sally-
Anne test to demonstrate how primitive decomposition sys-
tems, specifically decompositions into the conceptual build-
ing blocks of image schemas and Conceptual Dependency,
can represent the attribution of false beliefs to intelligent
agents. This work is part of a concerted effort to build a joint
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Figure 1: An example of a image schema Conceptual De-
pendency structure using the LOCATION primitive to indi-
cate “The marble is in the basket.” The triple arrow is used
to indicate that a picture producer (in this case “Marble”) can
be described by a specified state (LOCATION) and a value
for that state (Basket).

and unified image schemas Conceptual Dependency theory
which is useful for linguistics and ontology theory and may
also benefit the natural language understanding, story gener-
ation, inference, and reasoning capabilities of robotic appli-
cations (Lytinen 1992; Mandler and Cénovas 2014).

Primitive Decomposition
Image Schemas and Conceptual Dependency

A genre of work in cognitive artificial intelligence has re-
cently juxtaposed and combined image schemas, prever-
bal conceptual building blocks developed by the cogni-
tive linguistics and psychology communities (Mandler and
Cénovas 2014), with the Conceptual Dependency Trans-
frames system (CD), a traditional Al meaning representation
evolved through Al systems for narrative understanding and
generation (Macbeth, Gromann, and Hedblom 2017; Mac-
beth et al. 2023; Macbeth, Zhang, and Badhan 2025). We
refer to this combined representation system as IS-CD.

The CD system (Schank 1975) is a theory for representing
the meaning of natural language in a way that emphasizes
the underlying conceptual levels rather than the surface syn-
tax. At the conceptual level, CD represents meaning through
conceptualizations, which are networks of interrelated con-
cepts built from primitive categories such as PPs (picture
producers), which typically denote entities or objects, PAs
(picture aiders), which serve as modifiers that describe at-
tributes of PPs, and ACTs (actions), which represent actions
that can be performed or experienced. The relationships be-
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Figure 2: An example of a image schema Conceptual Depen-
dency structure using the MLOC primitive. The horizontal
triple arrow takes the “marble located in box™ concept as an
operand, and adds that that concept can be described by a
specified state (MLOC) and a value (LTM(Sally), “Sally’s
long term memory”). A typical natural language gloss of
this structure would be “Sally knows that the marble is in
the basket”.

tween these conceptual elements are expressed through de-
pendency links that specify how parts of the concept depend
on other parts for meaning.

CD represents meanings through structures that
center on primitive acts. CD’s six physical primitive
ACTs—PTRANS, PROPEL, MOVE, INGEST, EX-
PEL, GRASP—have been mapped onto combinations of
SOURCE_PATH_GOAL, SUPPORT, FORCE, CONTAIN-
MENT, and PART-WHOLE image schemas (Macbeth,
Gromann, and Hedblom 2017). CD structures with these
primitives can have ACTOR, OBJECT, TO, and FROM
conceptual cases which further specify the concept. Other
result-focused (ATRANS), instrumental (SPEAK, AT-
TEND), and mental primitives (MTRANS, MBUILD) are
used to represent acts of intelligence in the social world.
By no means are these primitives a complete set for repre-
senting all possible meanings, and research into completing
and improving the set of primitives is ongoing (Macbeth
et al. 2023). But no well known image schemas are strong
mappings for the mental act primitives of Conceptual
Dependency which would be used to represent tests of
theory of mind (Mandler and Cdnovas 2014).

Mental ACT Primitives

The CD MTRANS primitive is typically defined as “the
transfer of mental information from one individual to an-
other,” and it is used in decompositions of acts of speaking,
reading, and other acts of language communication (Dyer
1982). When an MTRANS occurs between distinct parts
of the same person’s memory, it can represent notions of
remembering, recalling, and forgetting. The CD MBUILD
primitive represents “thought processes which create new
conceptualizations from old ones” and acts described as “de-
ciding,” “realizing,” “considering,” and “imagining” (Dyer
1982).

While CD conceptualizations with physical primitives
such as PTRANS/SOURCE_PATH_GOAL take physical ob-
jects as their OBJECT cases, MBUILD and MTRANS take
other CD conceptualizations as their MOBJECTs, or “men-
tal objects”. Additionally, conceptualizations with physical
primitives such as PTRANS/SOURCE_PATH_GOAL can take
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physical objects in their TO or FROM cases to indicate
the origin and destination of an object’s movement, while
MBUILD and MTRANS take certain classes of locations
where an MOBJECT can go or be created. Conceptual De-
pendency specifies that intelligent beings have long term
memory (LTM), intermediate memory (IM), and a concep-
tual processor (CP) as locations for MOBJECTS, with the
CP being the place for conscious thought (Schank 1975).

False Beliefs in IS-CD

Static State Representations

The identification of MBUILD and MTRANS ACT primi-
tives reflects the way that Conceptual Dependency was ini-
tially used to represent acts and events in stories, where
the focus in story understanding systems is on tracking
changes in the state of the world, rather than “static” situ-
ations or states of being. Conceptual Dependency addition-
ally has CONTAIN, PART, and LOC/LOCATION primitive
elements to represent static relationships and dependencies
between physical objects. These elements map onto CON-
TAINMENT, PART-WHOLE, and LOCATION image schemas
(Mandler and Canovas 2014). Figure 1 shows an example
CD structure using LOC/LOCATION to form a conceptual-
ization about a static state of affairs, that the marble is in
the basket. The CD structure appears as a diagram with a
triple arrow between the picture producer “marble” and the
picture aider LOCATION(Basket), which indicates the rela-
tionship that LOCATION(Basket) describes is an attribute of
“marble” or, equivalently, that “basket” and “marble” have a
LOCATION relationship.

The MLOC ‘“Mental Location” Primitive

Conceptual Dependency additionally has a primitive ele-
ment MLOC, a conceptual attribute for mental location,
which has no counterpart in image schemas. Figure 2 shows
an example of an image schema Conceptual Dependency
structure which represents a static situation of belief using
MLOC. The horizontal triple arrow takes the “marble lo-
cated in basket” concept as an operand, and represents that
that concept can be described by a specified state, MLOC,
and a value, LTM(Sally), “Sally’s long term memory”. This
indicates that the “marble located in the basket” concept is
located in Sally’s LTM. A typical natural language gloss of
this structure would be “Sally knows that the marble is in the
basket”.

False Belief Structures in IS-CD

The Sally-Anne test is a psychological experiment used
to assess theory of mind (Baron-Cohen, Leslie, and Frith
1985). The person taking the test watches two characters,
Sally and Anne, interact with an object, typically a marble.
Sally places the marble in a basket and leaves the scene;
Anne then moves the marble to a box. The person is asked
where Sally will look for the marble upon returning, reveal-
ing their understanding that Sally holds a false belief.

In the CD formalism (Schank 1975) all conceptualizations
in an intelligent being’s LTM are believed or held to be true
by that being. To represent that an intelligent being ‘“knows
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Figure 3: The false belief structure as a image schema Con-
ceptual Dependency structure for Sally in the classic Sally-
Anne test, moments after Anne has moved the marble from
the basket to the box without Sally observing the move. A
structure representing a false belief is a concept in an in-
telligent being’s LTM that turns out to be false in the real
world. This IS-CD structure uses CD’s logical AND opera-
tor to combine the structures from Figures 1 and 2.

something” is done by having the conceptualization with the
MLOC attribute. A concept in an intelligent being’s LTM
that turns out to be false in the real world is a false belief.
Therefore we are able to construct a false belief structure
for Sally in the classic Sally-Anne test, moments after Anne
has moved the marble from the basket to the box without
Sally observing the move. Figure 3 shows this IS-CD struc-
ture, which uses CD’s logical AND operator to combine the
structures from Figures 1 and 2.

One important aspect of this structure is that it is focused
on the point of view of an understander system which stands
apart from Sally and Anne and has observed or has pro-
cessed the Sally-Anne test “story”. The structure contains
the understander’s conceptualization of the truth the way it
has understood it, that the marble is in the box. It addition-
ally contains the MLOC structure representing that the con-
ceptualization that the marble is in the basket is in Sally’s
long-term memory, and thus she falsely believes it. When
an understanding system performs a surface realization of
the full conceptualization, it will need to take into account
the conflict between the understood fact and the false belief
to produce “Sally thinks that the marble is in the basket”
instead of “Sally knows that the marble is in the basket”.
Typically the question posed to humans in the Sally-Anne
test is about where Sally will look for the marble. Determin-
ing ways to representing complex intelligent behaviors such
as “looking” or “searching” in IS-CD is an open area of re-
search.

Conclusion

This brief paper presents an attempt to show how a false-
belief can be represented within the IS-CD framework. What
we find most important in this exploration was that the prim-
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itive decomposition system has to be able to separate the real
world from the world of thoughts and imagery. Future work
may use natural language understanding and paraphrasing
systems that have been established for CD to demonstrate
understanding of the test, to integrate these understanding
systems into robotics, and to generate a controlled variety
of false-belief tests posed in natural language as challenge
problems for large language models.
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