The Invention Coach: A computer-based environment that supports the transfer of
STEM concepts
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This work explores ways to scaffold invention activities to facilitate productive exploration of ratio
structures in physical science equations, the goal of which is to prepare students to learn from later
expository instruction. We have developed the first computerized Invention Coach that provides adaptive
guidance as middle school students work through invention tasks. This paper will discuss the rationale
behind our novel pedagogical model, which draws upon empirical studies of human teachers guiding
invention, as well as prior research on the core learning processes that invention promotes. Preliminary
findings from a classroom study of the Invention Coach provide some evidence of the system's efficacy in

enhancing transfer.

I. INTRODUCTION

Invention is an instructional technique in which learners
solve ill-structured problems by inventing their own
solutions, methods, or equations. One effective form of
invention involves contrasting cases. Contrasting cases are
sets of examples that vary on deep features of the domain.
These materials are designed to help students notice
information they might otherwise overlook, such as the
roles certain variables play. Contrasting cases are
particularly effective when students invent solutions prior
to receiving direct instruction of the concept [1]. This
pedagogy serves as preparation for future learning. By
engaging in invention activities and grappling with
concepts before they are taught them directly, students are
better prepared to learn from later instruction [1]. Invention
prior to direct instruction has strong positive effects on
learning transfer, often in science and math domains [2].

An example invention activity is shown in Fig. 1. This
example is one of the two activities used in the Invention
Coach, and will be used throughout this paper to illustrate
aspects of the Coach’s design. The activity consists of a set
of six contrasting cases of busses packed with clowns.
Using these cases, students are to invent an index that
describes the crowdedness of each bus. The cases vary
systematically in size of the bus and number of clowns, so
that students could make contrasts that hold one of these
features constant, while varying the other. They are given
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FIG. 1. Invention Coach main interface as a student
progresses through the feature contrast module.

some rules: they have to use the same method to find the
index for each bus, busses from the same bus company
have the same crowdedness, and the more crowded the bus,
the higher the index. Grappling with this problem is meant
to prepare students to learn about density and other ratio-
based physical science equations, from direct instruction.

However, to productively prepare students to take
advantage of direct instruction, invention requires subtle
individualized expert guidance [3]. In fact, classroom
studies of invention typically involve one teacher for every
five students [4]. This can make invention impractical in
everyday classrooms. Therefore, we sought to design a
computerized, adaptive Invention Coach that would provide
optimal guidance as students muddle through the often
murky and messy process of invention. A study of human
teacher guidance of invention, along with prior research and
theory, provided inspiration for the Coach’s general style of
feedback. In this paper, we describe our design process and
report on a study evaluating the effectiveness of the
Invention Coach software.

II. DESIGNING THE INVENTION COACH

Our goal in designing the Invention Coach was to create
an adaptive, naturalistic system to support students through
the invention process. To do this, we conducted a study of
human teachers guiding students through invention. From
this study, we identified a general style of guidance and
specific forms of feedback that facilitated or hindered
learning transfer. These findings informed the design of
our Invention Coach, which employed an “ask more, tell
less” style of feedback. Next, from prior research and
theory, we drew on three cognitive processes of invention
that lead to transfer, and designed an interactive module to
support each of these processes.

A. Study of Human Teacher Guidance

Computer-based guidance can feel forced and unnatural.
We wanted our system to have a naturalistic, human feel,
based on a model of human teacher guidance. Therefore,
we embarked on a study of experienced science teachers
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