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delivered, and sometimes even used. But what are the chances that it will be high quality (i.e., initiated, it is typically not clear how to generalize from the results of published

pedagogically sound) automated instruction? - studies to new instructional domains. Many real-world ! d
' ’I‘l'mere is goor{ evidence that cairefully developed automated instruction can be differ on several dimensions from the instr | domains di d in the
instructionally effective. For example, in the past ten years, many ITSs have been built literature.

mcorp?n_:ling various approaches to instruction, diagnostic student modeling, and
remeduagxon. and a subset of those systems have been formally evaluated. Shute and Regian
[19] reviewed fom: ITSs that have undergone empirical evaluation: (a) The LISP tutor, which
teaches programming in LISP [2); (b) Smithtown, which teaches scientific inquiry skills in
the context of microeconomics [17, 18]; (c) Sherlock, which hes avionics bleshooting
[10); and (d) Bridge, which teaches programming in Pascal [16). The results of these
evaluations were impressive. Leaming efficiency (rate) with ITSs was accelerated in
comparison to control conditions. Students acquired the subject matter faster from ITSs than
from more traditional environments. Subjects working with the LISP tutor leamed the
knowledge and skills in 1/3 to 2/3 the time it took a control group to leam the same material.
Subjects working with Smithtown learned the same material in 1/2 the time it took a

1 om-i d group. Subj working with Sherlock learned (in 20 hours) skills
which were comparable! 1o some of the key skills possessed by technicians having almost 4 &
years experience. Subjects learning from the Pascal ITS acquired in 1/3 the time, equivalent &
knowledge and skills as learned through traditional instruction. With regard to learning
outcome, ITSs again performed well in comparison to control conditions. The LISP tutored
group attained the same (or in one study, 43% better) criterion scores as a control group not
using the tutor. Results from the Smithtown analysis showed that subjects learned the same
material as a classroom group, despite the fact that the tutor focused on the instruction of
scientific inquiry skills, not the subject matter. The outcome data from subjects using
Sherlock showed increases in scores comparable to an advanced group of subjects and
significantly better than a control group. In all cases, individuals learned faster, and performed
at least as well, with the ITSs as subjects learning from traditional environments.

What can we make of these findings? More importantly, what can the instructional
development community make of these findings? It is important to note that, as always, there
is a selection bias for publication of successful instructional interventions. Thus, while these =
published evaluations are good reason for optimism, they must be weighed against the to
number of automated instructional systems that have been developed. Do these findings i
that instructional developers in business, industry, 1se, and education are now prep
build excellent automated instruction? In our the answer is NO.
instructional developers are typically not aware ¢ cited here, nor wo
particularly useful to them if they were. Some | are B

(1) The authoring packages
“intelligent" pedagogy at ru
emerging, they are not
building intelligent inst

(3) The available literature is not intended to be prescriptive, and is too
dispersed to be useful to the applied community. It is also incomplete in that
the selection bias for publication of effective interventions limits the
availability of negative information. If one cannot easily learn from the
literature how to build ITSs, it is even more difficult to Jearn what pot to do.

Invariably, successful ITSs have been built by teams of researchers with years of
experience in the fields of education, psychology, computer science and whatever discipline is
the target of instruction. The tacit knowledge brought to bear by these teams is both broad and
deep. With regard to building instruction, that which seems obvious and self-evident to John
Anderson, William Clancey, Alan Lesgold, or John Self is not obvious to the average
instructional developer. Applied instructional developers cannot be guided by their intuitions
on key issues of pedagogy. In applied settings, instructional developers tend to be guided by
broad frameworks such as Gagné's nine events of instruction, or the Instructional Systems
Design (ISD) process [7). These frameworks provide little more than procedural checklists for
instructional developers. Although they provide useful information about what needs to be
done in developing instruction, they tell very little about how to do it.

In our work with instructional developers in applied settings, we are often asked to
provide practical "how-to" information. In the long run, we believe that one of the key roles of
Antificial Intelligence in education and training should be to provide instructional developers
with ready access to general principles and specific guidance on the pedagogy of automated
instruction. Regardless of whether the delivered system is to be a non-intelligent CBT system
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Cronbach and Snow [3], Donchin [4], Kyllonen and Shute [10] and others have argued
that instructional rescarch would greatly benefit from a more systematic approach.
s at the Ar g Laboratory have a unique opportunity to facilitate such a
systematic approach because we conduct in-house programs of research and simultaneously :
provide funding to other researchers through our extramural program. In the next section, we
describe the basic tenets of our program of research on automated instruction.

R =

A Progrém of Research on Automated Instruction

Our approach to basic research on the pedagogy of automated instructional systems may be
depicted as involving four basic tenets, characterized as follows.

0

a«-ua andardize ic characterizati guide resea :
and_support generalization of principles, In order to generate guidelines for developers of
automated instruction, we feel it is important to establish a clear and concise language for
describing task characteristics. In order to do so, we are beginning to develop a standard set of
primitives for describing task performance. Using a taxonomy of such primitives, one should
be able to generalize across research findings, as well as from research findings to new tasks
for which one seeks to build instruction. A team of researchers including: John Anderson,
Anrthur Fisk, Earl Hunt, Alan Lesgold, Jim Pellegrino, and ourselves have drafted an initial
task performance taxonomy for this purpose. We are planning to publish the current form of
the taxonomy in an appropriate forum, although we expect that the taxonomy will continue to

evolve based on empirical results. . s i i :

(2) Design _and develop a t of ‘criterion tasks
research, Our goal is to compare the i
interventions derived from various theories of kn
so, we have developed a set of criterion tasks, guide
be laboratory analogs of a broad spectrum l-wol
are currently making the first set ¢ 1

representative criterion tasks, Space Fortr
The set of criterion tasks will continue to
funding for interested researchers to d
(3) D op theory-b:
an in-house research pr
criterion tasks as the

2d, autom
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able to specify target-population characteristics for the studies, and then hir€ subjects who
conform to the specified characteristics.

Representative Studies

In this section, we briefly describe a few of our studies (and some preliminary results) from
the first year of this research program. To achieve brevity, we focus on onl‘ymo o!our
criterion tasks (currently there are 14), Space Fortress, and loader Our goal in outlining
these studies is to give a flavor of the types of research we are conducting.

Space Fortress Research on Small-Group Pedagogy. Space Fortress is a ude9 game-
like laboratory task with a long record as a research tool for studying the training and
acquisition of high-performance skill (sce Volume 71 of Acra Psychologica, 1989). This
extremely complex dynamic control task was originally developed at the University of Illinois
under funding from DARPA (the Defense Advanced Research Project Agency) as part of the
Learning Strategies project [4). We have developed an updated version of the r
in our laboratory, with more flexibility than the original for research purposes. Shebils
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Figure I: Comparable perft by
single computer. Scores are based
held constant across groups.

; who trained alone, in pairs, or in groups of four on a
on test trials where students performed alone, with training time

Based on these findings, we are beginning to design prototype instructional systems

wh.ich operate from the perspective of small-group pedagogy rather than individual pedagogy.
It is not our intention to argue that student modeling for individualized instruction is not
feasible. Rather, we argue that, in some instructional settings with some kinds of tasks (or at
certain stages of skill acquisition), automated instruction may be more cost-effective or even
more instructionally-effective when designed for small groups rather than for individuals.

We are observing clear and specific benefits of small-group targeted instruction. For
example, by focusing on subcomponents of the target task, students are able to master these
components more completely. During observation periods, students are able to learn about

-1

Score (Thousands)
o

task complexities and alternate strategies by observing other students performing the task. )

Requiring students to perform the entire task regularly enables them to integrate task -+«Female
components. The common desire for better group performance leads students to teach one

another, benefiting both the provider and the recipient of the instruction. Since students -3

071 o g E R Bk alghio 11 2 8
Training Session

diagnose and remediate each other's performance, the difficult problems of automated
diagnosis and natural language processing are avoided. By teaching multiple stu
simultaneously, the requisite hardware investment is reduced, as are demands on hi
instructor time.

Space Fortress Research on Gender-related Performance Differences. In .

Fortress, as with many tasks involving significant spatial components, there is‘a robust 8 £ a8 N
effect (see Figure 2). Men typically outperform women on spatial igsks{mcu

spatial tasks (e.g., mental rotation, mental

spatial tasks (e.g., collision estimation, ¢

nature (hard-wired attributes) or nt
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Figure 3: Initial performance differences between males and females on Space Fortress are signifwm:{‘y:- .
reduced by a simple intervention. Short group discussion pe
large positive effect on female performance.

Loader Research on Mental M
complex procedural task designed
execute long sequences of co
dial rotations) to accomplish speci
controls railroad cars, tracks, a
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representation. The results were striking. Rather than .bwoming dependent‘ muwmdmm
rail-yard model, subjects in the dynamic model condition .ppuznlg’:- o

as evidenced by their performance after the model was nemt:wed.f mining. Wmﬁm .
was significantly faster (Figure 4) and less error-prone (Figure 5) for subjects L .

dynamic graphical model compared to the no-model condition.

600

[=-No Model =-Model |
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Figure 5: Providing students with a simple graphical model of a complex p | task has a temporary
negative effect on accuracy during early practice, but significantly reduces errors afier the model is no

longer available.

£
o~ s
wd 1
T s

Discussion o

In this chapter, we have outlined our approach to conducting laboratory research
pedagogy of automated instruction. We believe that such an approach i
in achieving the goal of providing instructional developers with both
specific guidance on the J i
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second point we wish to highlight in Figure 6 is that we believe research on pedagogy should
be both driven by theory and constrained by data (or empirical observation). This is
represented on the graph in Figure 6 by the sine wave iterating between theory and data.
Theory is important in generating potentially fruitful hypotheses about teaching and leamning,
and in driving generalizations about pedagogical effectiveness across instructional domains.
Empirical observation is important to test, often and rigorously, how our ideas fare in reality.
£ Only empirical data, with appropriate comparison conditions, can provide convincing
& documentation on the effectiveness of theory-based instruction.

(Field)

Data

Theory

Theory il
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Abstract: This chapter presents the results from a study cxammmg the relationship between
practice, performance, and learning. We compared two versions of an intelligent tutoring
system differing only in the ber of problems that needed to be solved per problem set
(Abbreviated = 3 problems, Extended = 12 blems). Our hypotheses were that Abbreviated
subjects, in companson to Extended sub;ecvs. would: (a) take less time to complete the tutor
because they had fewer problems to solve, (b) perform worse on the postest measures
(accuracy and la:cncy). and (c) demonstrate poorer transfer of knowledge and skills across
tutor problems given fewer pracuce opportunities. We found that, while Abbreviated subjects
did take significantly less time to complete the tutor than Extended subjects, both groups
performed equally across all outcome measures. Componential skill analyses enabled us to
track the course of skill acquisition during practice, and predict the degree of skill transfer
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