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Introduction

Traditionally, instructional technologies have been used as media for delivering
instruction, that is, as conveyors of information and witors of stedents. Whn used in this
way, information is "stored” in the technology. During the "instructional”™ process,
learners perceive and try 10 understand the messages stored in the technology as they
“imteract” it. Imteraction ig often limited o pressing a key o continue the information
presentation or responding 1o queries posaed by the stored program.  The technology
program judges the leamer's response and provides feedback, most often about the
"corraciness” of the learners response. Technologies that have been developed by
instructional designers are often marketed to educators as "validated” and "teacher proof.”
removing any meaningful control of the learning process by the learners or the eachers.
In this paper, we argue that technoelogies should not support learning by attempting to
ingtruct the learners, but rather should be used as knowledge construction tools that
students learn with, not from . In this way, learners function as designers, and the
computers function as Mindtools for interpreting and organizing their personal
knowledge.

Mindtools are computer applications that, when used by learners o represent what
they know, necessarily engage them in critical thinking about the content they are studying
i lonassen, 1996). Mindwols scaffold different forms of reasoning about conent. That is,
they require studants to think about what they know in different, meaningful ways. For
instance, using databases to organize students” understanding of content organization
necessarily engages them in analvtical reasoning, wheare creating an expert svetem rule
base requires them to think about the causal relationships between ideas. Swudents cannot
use Mindtools as learning strategies without thinking deeply about what they are
gtudying.

Using Computers as Mindtools



Many computer applications have been developed explicitly to engapge leamers in
critical thinking. Others can be repurposed as Mindwools. There are several classes of
Mindtools, including semantic organization tools, dynamic modeling tools, information
interpretation tools, knowledge construction tools, and conversation and collaboration
tools {Jonassen, in press). We shall briefly describe and illustrate some of these (space
limits prevent illustrations of all Mindtools). For a report of research on Mindtools, see
Jonassen and Reaves [ 1996,

Semantic Organization Tools

Semantic organization wols help learners w analyze and organize what they know or
what they are learning. Two of the best known semantic organization wols are databases
and semantic networking {concept mappingh tools.

Databases. Database management svstems are computerized record keeping systems
that were developed originally to replace paper-based filing syvstems. These electronic
liling cabinets allow wsers o store information in organized databases that facilitates
retrigval. Content is broken down into records that are divided inte fields which describe
the kind of information in different pans of each record.

Databaszes can be used as tools for analyzing and organizing subject matter (ie.
Mindtools), The database shown in Figure 1 wag developed by students studyving cells
and their functions in a biology course. The database can then be searched and sorted to
answer specific questions about the content or o identify interrelationships and inferences
from the content, such as "Do different shaped cells have specific functions?™
Constructing content databases requires learners to develop a data structure, locate relevant
information, insert it in appropriate fields and records, and search and sort the database 1w
answer content querias. A large number of critical thinking ekills are reguired 1o use and
construct knowledge-onented databases.
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Figure 1. Content database.

Semantic Networking. Semantic networking tools provide visual screen tools for

producing concept maps., Concept mapping is a study strategy that requires learners

to draw visual maps of concepts connected to each other via lines (links). These maps

are spatial representations of 1deas and their interrelationships that are stored in

memory, e, structural knowledge {Jonassen, Beissner, & Yacci, 1993). Semantic

networking programs are computer-based, visualizing tools for developing

representations of semantic networks in memory. Programs such as SemNet,

Learning Tool, Inspriation, Mind Mapper, and many others, enable learners to

interrelate the ideas that they are studving in multidimensional networks of concepts,

to label the relationships between those concepts, and to describe the nature of the

relationships between all of the ideas in the network, such as that in Figure 2.
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The purpose of semantic networks 15 to represent the structure of knowledge that
someone has constructed. 5o, creating semantic networks requires leamers to analyee the
structural relationships among the content they are studying. By comparing semantic
networks created at different points in time, they can also be used as evaluation tools for
assessing changes in thinking by learnars, [f we agree that is a semantic network is a
meaningful representations of memory, then learning from this perspective can be thought
of as a reorganization of semantic memory, Producing semantic networks reflect those
changes in semantic memaory, since the networks describe what learners know. 5o,
sgmantic networking programs can be use to reflect the process of knowledge

construciion.

Dynamic Modeling Tools

While semantic organization tools help learners to represent the semantic
relationships among ideas, dynamic modeling tools help learners o describe the dynamic
relationships among deas. Dynamic modeling tools include spreadsheets, expert
systems, syatems modeling tools, and microworlds, among others,



Spreadsheets. Spreadsheets are computerized, numerical record keeping svelems that
were designed originally 1o replace paper-based, ledger accounting systems. Essentially, a
gpreadsheet is a gnd or matrix of empty cells with columns identfiad by letters and rows
identified by mumbers. Each cell is a placeholder Tor valuas, formulas relating values in
other cells, or functions that mathematically or logically manipulate values in other cells.
Functions are small programmed sequences that may, for instance, match values in cells
with other cells, look up a variable in a table of values, or create an index of values to be
compared with ather cells.

Spreadsheets were originally developed and are most commaonly used w support
business decision making and accounting operations. They are especially useful for
answering “what i questions, for instance, what if interest rates increased by one
percent! Changes made in one cell antomatically recalculate all of the affected values in
other cells. Spreadsheets are also commaonly used for personal accounting and budgeting.

Spreadsheets also may be used as Mindtools for amplifving mental functioning. In
the same way that they have qualitatively changed the accounting process, spreadsheets
can change the educational process when working with quantitative information.
Spreadsheets modal the mathematical logic that ig implied by calculations. Making the
underlying logic obvious o learners should improve their understanding of the
interrelationships and procedures. Numerous educators have explored the use of
gpreadshests as Mindiools. Spreadshests have frequently been used in mathematics
classes to calculate quantitative relationships in various chemistry and physics classes,
They are also wseful in social studies instruction and have even supported ecology.
Spreadsheets are flexible Mindiools for representing, reflecting on, and calculating
quantitative information. Building spreadsheets requires abstract reasoning by the user,
they are rule-using tools that require that ugers become rule-makers. Spreadsheets also
support problem solving activities, such decision analysis reasoning requires learners o
consider implications of conditions or options, which requires entails higher order
reasoning.

Expert Systems. Expert svstems have evolved from research in the held of antificial
intelligence. An expert gystem is a computer program that simulates the way human
experts solve problems, tha is, an artificial decision maker. They are computer-based tools
that are designed o function as intelligent decision supports. For example, expert
aystems have been developed w help geologists decide where to drill for oil, bankers to
evaluate loan application, computer sales techmicians how to configure computer systams,
and employees o decide among a large number of company benefits alternativas.
Problems whosa solutions require decision making are good candidatas for expert system



development.
Most expert systems consist of several components, including the knowledge

base, inference engine, and vser interface. There are a varety of “shells”™ or editors for
creating expert system knowledge bases, which 15 the pant of the activity that engages the
critical thinking. Building the knowledge base requires the learner to articulate causal
knowledge.

The development of expert svstems results in deeper understanding because they
provide an intellectual environment that demands the refinement of domain knowledge,
supports problem solving, and monitors the acquisition of knowledge, A pood deal of
research has focused on developing expert system advisors o help teachers identify and
claszily learning disablad students.

Systems Modeling Tools. Complex learning requires students o solve complex and ill-
atructured problems as well as simple problems. Complex learning requires that students
develop complex mental representations of the phenomena they are studying. A number
of toeols for developing these mental representations are emerging. Stella, for instance, is a
powerful and flexible tool for building simulations of dynamic svatems and processes
isystems with interactive and interdependent components), Stella uses a simple set of
building block icons to construct a map of a process (see Fig. 4). The Swella model in Fig.
4 was developed by an English teacher in conjunction with his tenth grade students o
describing how the boys’ loss of hope drives the increasing power of the beast in William
Golding's novel, The Lord of the Flies. The model of beast power represent the factors
that contributed to the strength of the beast in the book, including fear and resistance.
Each component can be opened up, so that values for each component may be statad as
constants or variables. Variables can be stated as equations containing numerical
relationships among any of the variables connected to i The resulting model can be run,
changing the values of faith building, fear, and meémory of home expenenced by the boys
while assessing the effects on their beliel about being rescued and the sirength of the
beast within them. Stella and other dymamic modeling tools, such as Model-It from the
Highly Interactive Computing Group at the University of Michigan, probably provides the
most complete intellectual activity that students can éngage in.
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Fig. 4. Conceptual map of the Beast.

Microworlds, Microworlds are exploratory learning environments or discovery
spaces in which learners can navigate, manipulate or create objects, and test their effects on
one another. Microworlds contain constrained simulations of real-world phenomena that
allow learners to control those phenomena. They provide the exploratory functionality
iprovide learners with the observation and manipulation tooals and testing objects) needed
to explore phenomena in those parts of the world. Video-based adventure games are
microworlds that require players to master each environment before moving onto more
complex environments, They are compelling to youngsters, who spend hours translixed
in these adventure worlds. Microworlds are perhaps the ultimate example of active
learning environments, because the users can exercise so much control over the
environment.

Many microworlds are being produced and made available from educational research
projects, aspecially in math and science. In mathematics, the Geometric Supposer and
Algebraic Supposer are standard wools for testing conjectures in geometry and algebra by
constructing and manipulating geometric and algebraic objects in order to explore the



relationships within and berween these objects (Yerulshamy & Schwartz, 1986). The
emphasis in those microworlds 15 the generation and testing of hypothesas, They provide
a testbed for testing students’ predictions about geometric and algebraic proods.

The SimCale project teaches middle and high school students calculus concepts
through MathWorlds, which is a microworld consisting of amimated worlds and dynamic
graphs in which actors move according to graphs. By exploring the movement of the
actors in the simulations and seeing the graphs of their activity, students begin to
undarstand impontant caleulus ideas. In the MathWorlds activity illustrated in Fig, 5,
sludents match two
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Fig.5. Experiment in Math World..

maotions. By matching two motions they learn how velocity and position graphs relate.
Students must match the motion of the green and red graphs, To do this, they can change
githar graph. They iteratively run the simulation to see if vou got it nght! Students may
also use MathWorld's link to enter their own bodily motion. For example, a studant can



walk across the classroom, and their motions would be entered into MathWorlds through
sensing equipment. MathWorld would plot their motion, enabling the students w explore
the properties of their own motion.

Information Interpretation Tools

The volume and complexity of information are growing at an astounding rate.
Learners need wools that help them to access and process that information. A new class of
intelligent information search engines are scanning information resources, like the World
Wide Web, and locating relevant resources for learners. (Other tools, for helping learners
make sense of what they find, are also emerging.

Visunalization Tools. We take in more information through our visual modaliny than
any other sensory system, yet we cannot output ideas visually, except in mental images
and dreams, which cannot be shared visually except using paint/draw programs. While it
15 not vel possible o dump our mental images directly from our braing into a computer, a
very new and growing class of visualization tools are mediating this process by providing
us tools that allow us to reason visually in certain areas. Visualization ool help humans
to represent and convey those mental imageas, usually not in the same form they are
generated mentally, but ag rough approximations of those mental imageas.

There are no general-purpose visualization tools. They tend o be specific o the
kinds of visuals you wish to generate. An excellent example of a visualization tool is the
growing number of tools for visualizing chemical compounds. Understanding chemical
bonding is difficult for most people, because the complex atomic interactions are not
visible, Static graphics of these bonds found in textbooks may help learners 1o form
mental images, but those mental images are not manipulable and cannot be conveyed to
others, Tools such as MacSpartan enables students 1o view, rotate, and measure
molecules using different views (see Fig. 6) and also to modify or construct new
molecules, These visualization tools make the abstract real for students, helping them (o
understand chemical concepts that are difficult to convey in static displays.
























