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Abstract

In this paper, we present a new task that investigates how peo-
ple interact with and make judgments about towers of blocks.
In Experiment 1, participants in the lab solved a series of prob-
lems in which they had to re-configure three blocks from an
initial to a final configuration. We recorded whether they used
one hand or two hands to do so. In Experiment 2, we asked
participants online to judge whether they think the person in
the lab used one or two hands. The results revealed a close
correspondence between participants’ actions in the lab, and
the mental simulations of participants online. To explain par-
ticipants’ actions and mental simulations, we develop a model
that plans over a symbolic representation of the situation, exe-
cutes the plan using a geometric solver, and checks the plan’s
feasibility by taking into account the physical constraints of the
scene. Our model explains participants’ actions and judgments
to a high degree of quantitative accuracy.
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Introduction

Physical problem solving — converting knowledge into be-
havior to achieve a goal that involves physical object manipu-
lation — is a core component of human intelligence and ubig-
uitous in everyday cognition. From young children playing
with stacking cups to an adult moving furniture to redesign a
room or to load a truck, our intuitive understanding of how to
manipulate the physical world in order to meet our goals is
remarkable. For instance, when rearranging the furniture in a
room, one needs to form and execute a plan which takes into
account both spatial and physical constraints, such as how big
are the objects, and which objects might be stacked on top of
others.

Two independently developed lines of research provide in-
sights and starting points into exploring these computations:
reasoning based on mental models, and motor control based
on forward models. Firstly, the theoretical and behavioral
work on reasoning and problem solving in symbolic domains
(e.g., logical reasoning, or visuo-spatial reasoning) empha-
sizes the importance of common-sense knowledge. For in-
stance, early Artificial Intelligence (AI) systems that were
built to reason like humans do, focused on building models
that capture aspects of common-sense knowledge about the
physical world in the form of knowledge representations and
methods to efficiently manipulate them (e.g., Newell, Shaw,
& Simon, 1958). Similarly, in cognitive psychology, the
idea that problem solving begins with the construction of a
mental model of the situation was explored in more detail
by mental model theory (Johnson-Laird, 2005). While still
operating over logical representations, mental model theory
makes additional assumptions about what aspects of a situ-
ation people naturally represent, and how these representa-

tions support reasoning (Johnson-Laird, Khemlani, & Good-
win, 2015). However, the theoretical and behavioral work
on human reasoning and problem solving has tended to focus
on symbolic domains (e.g., logical, spatial, and visuo-spatial
reasoning Newman, Carpenter, Varma, & Just, 2003; Byrne
& Johnson-Laird, 1989), and has not yet looked into situa-
tions that require reasoning about physical objects, and form-
ing plans about how to interact with them.

Secondly, research on computational motor control and ob-
ject manipulation emphasizes the knowledge and transforma-
tions necessary for skillful manipulation of objects. For in-
stance, work on sensorimotor control and object manipulation
extensively studied internal models of the forward dynam-
ics of the arm and the objects, as well as how to choose ac-
tions to efficiently achieve one’s goals based on internal mod-
els (Nagengast, Braun, & Wolpert, 2009; Franklin & Wolpert,
2011). However, this line of work has tended to focus on rela-
tively simple actions, instead of settings that involve planning
longer sequences of moves.

In this paper, we aim to bring these two different research
traditions together. To better understand physical problem
solving, we introduce an intuitive, yet complex task in which
participants are asked to manipulate a stack of blocks to gen-
erate a target configuration. Consider Problem 1 shown in
Figure 1. The task is to manipulate the blocks so that the
scene on the left is turned to the scene on the right. While par-
ticipants have no trouble doing this task, and even young chil-
dren naturally perform such tasks, modeling people’s actions
is far from trivial and robotic systems rarely implement this
kind of flexible manipulation. The task requires representing
the initial state, the final state, and making a plan for how to
get from A to B. Finding good action sequences in this task
not only requires a symbolic high-level plan (e.g., which se-
quence of actions to take) and visuo-spatial reasoning, it also
requires intuitive physical reasoning about how objects sup-
port each other (i.e., their dynamics) and actual motor control
required to execute the high-level abstract plan. Such combi-
nation of rich behavior is common in everyday cognition, but
has rarely been studied in the lab. We used two different ver-
sions of the task. In one version, participants in the lab were
asked to generate the different configurations. In another ver-
sion of the task, we had online participants judge whether
they think the person in the lab used one or two hands to get
from A to B (cf. Figure 1E).

We develop a novel computational model of physical prob-
lem solving that goes all the way from formulating an ab-
stract symbolic plan to executing the low-level motor com-
mands that are required to realize the plan. The model is com-






