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• We are currently adapting a continual learning
algorithm, Centroid-Based Concept Learning (CBCL),
to create clusters representing different levels of
construal.

• CBCL generates a set of concepts in the form of
centroids for each class using a cognitively-inspired
clustering approach (denoted as Agg-Var clustering).

• A schematic for the adapted clustering process is as
shown. Note that the visual feature extractor is a
Resnet-34 model with ImageNet weights, while the
semantic feature extractor uses ConceptNet.

• Higher-level concepts can be generated by merging
subordinate clusters with k-means clustering. Lower-
level concepts can be generated by splitting
superordinate clusters with k-means clustering.

• Initially, we focused on objects in the CIFAR-100
dataset. This dataset includes images with a unique
100 class and 20 superclass labels.

• The creation of construals was tested, comparing
the ability to discriminate between classes (to
decrease level of construal) or merge similar to
CIFAR (to increase level of construal).
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ABSTRACT

This work describes our effort to develop methods for
human-robot interaction based on Construal Level
Theory (CLT). CLT is a process which connects
abstraction to physical and temporal distance. With
respect to interactions with people, CLT may govern
how to interact with different categories of people. We
present preliminary results showing that we can create
superordinate, high-level construals. Upcoming efforts
will demonstrate the use of this approach by a robot to
plan for interactions with people.

• Construal Level Theory (CLT) hypothesizes a process
by which an individual uses prototypical experiences
from memory to generate a rough estimate of some
future situation [1]–[3]. .

• Specifically, the theory states that people create
mental abstractions in order to predict outcomes,
form counterfactauals, and guide behavior with
respect to distal times, places, and actions.

• As a person’s psychological distance (subjective
experience that something is close or far away) to a
future event decreases, the prototypical experience
moves from rough estimate to actionable plan by
decorating the mental construct with additional
information.

• The construal process offers a flexible method for
planning, enabling a person to hold off adding
details to their evolving plan until those details are
needed, yet also affording opportunities for
contingency planning.

• Researchers from the planning and RL communities
have studied abstraction as part of the planning and
policy generation process [4]. CLT goes beyond these
efforts by connecting the construal process not only
to planning and action selection, but also to a
person’s perception and evaluation of objects,
events, and other people [2], [5], [6].

WHAT IS CONSTRUAL LEVEL THEORY?

RELATED WORK

• Hierarchical planning requires elements of search
and task decomposition. From the planning
perceptive, our research ties task decomposition to
psychological distance, using distance as a reactive,
environmental cue to decompose tasks (create low-
level construals) that are immediately relevant.

• Reinforcement Learning has limitations: need for
large data sets, lack of ability to transfer tasks
learned in one context to another, and difficulty of
designing/ learning reward functions [20]. Our
research will use CLT to represent knowledge about
items, events, and people to guide behavior.

• Interpersonal interaction studies how people plan
conversations and generate expectations about
future interactions. CLT posits that as the time for an
interpersonal interaction draws near, each person
will develop increasingly specific plans meant to
shape the interaction [3], [22]. Categorical or
stereotyped models play an important role in
deciding who, how, and when to cooperate with
others.
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Although still in the early phases, we hope to use CLT to allow robots to anticipate and predict how to interact with
unknown people in new situations. CLT describes a process tying abstraction to distance in the future. We believe that
this process can be used to categorize interactions in terms of the participants and with respect to the context. We hope
to ultimately connect this process with reinforcement learning and game theory to develop robots capable of
interacting with a wide variety of people in a wide variety of situations.
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• CLT describes a process for abstracting away the
details surrounding a robot’s experience as
psychological distance increases. Abstract
experiences may serve as initial solutions to new
problems, and may be used to limit the space of its
search for solutions.

• CLT defines a construal process that may enable a
robot to manage competing goals at the same time
by utilizing temporal or physical distance as a
moderator of those goals.

• CLT may lend insight into the reward/ utility shaping
process itself [3], [12]. CLT does not define what,
how or when rewards are obtained; however, CLT
proposes certain actions will be seen as more
positive in the distant future than in the near term.
These actions will be represented as high level
construals and the attributes of these will be positive
overall [1].

• CLT is supported by a great deal of psychological
evidence, e.g., visual perception, categorization, and
action identification [3], [7]–[9].

WHY CONSTRUAL LEVEL THEORY?


