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CHAPTER 1

THE COGNITIVE REVOLUTION
IN EDUCATIONAL
PSYCHOLOGY

James M. Royer
University of Massachusetts, Amherst

ABSTRACT

This chapter serves as a foreword to the remaining chapters in the book. The
chapter provides a description of the cognitive revolution, which hegan in
the 1950s and reached full fruition in the late 1960s. The term “cognitive rev-
olution” began to be used to take advantage of an analysis of scientific revolu-
tions in general that was developed by Thomas Kuhn, The next section of the
chapter describes how some aspects of the cognitive revolution seem to fit
Kuhn's analvtic framework, and others do not. Following this analysis, the
chapter turns to examming the impact of the cognitive revolution in educa-
tionat u%n:cuca as illustrated by the remaining chapters in the book. Fach
of the chapters is briefly described and the end of the chapter comments on
_ the likely direction the revolution will take in the future.

The cognitive revolution began on September 11, 1956. That at least is the
date picked by George Miller, one of the principal instigators of the revolu-
. tion (Miller, 2003). The occasion was 2 sympostum at the Massachusetts

- The mpact of the Cognitive Revotution on Lducational Psychotogy, pages 1-{2
- Gopynight © 2005 by Information Age Publishing
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CHAPTER 9

RESEARCH
IN INSTRUCTIONAL
TECHNOLOGY

Jennifer Wiley
Christopher A. Sanchez
Tom Moher
University of lllinois at Chicago

ABSTRACT

This chapter traces the changes in instructional technology from the early
days of instructional practice based in behaviorist theory, to the social cogni-
tive and constructivist approaches that are currently in vogue, The affor-
dances and uses of different technologies for educational purposes, as well as
the theoretical movements that have mspired instructional techniques and
new technological developinents, are discussed,

The Jast half of the 20th century saw an impressive array of educational
technologies introduced to the classroom. In the 1950s and 1960s, film-
- strips and movies brought sound and moving pictures into the classroom.

The overhead projector, first developed for military traning, allowed

.. The hrpect of the Cognitive Revolution on Fewcational FPsyehology, pages 231-248
Copyright © 2005 by Information Age Publishing
All nighis of reproduction i any form reserved, uu;
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teachers to face the class instead of (he blackboard, and also create reus-
able teaching maierials, The photocopier began o replace the munco-
graph machine, enabling icachers to distribute copies of waterial from
newspapers, magazanes, and hooks, and also to design their own units aned
assessnients, Cold war schoolehildren watched the broaccast lannches of
NASA's first Mercury manned space flighis on small tefevisions in lunch-
rooms and auditornuns. In the 1970s and 1980s, the mvention of caleula-
tors promised mdividual access and mobility, and television [ound its
nataral pariner i the videocasserte plaver, creating a market for cduca-
tonal video conient that was less expensive and casier 10 keep current than
iilm collections. The mntroduction of personal computers dommated the
1990s, Apple 11 computers were replaced with Macintosh and DOS/Win-
dows platforms Lthat were distributed in laboratones and classrooms and
new ndnstry arose: echircational software titles. A the turn of the millen-
mum, gtobal, local, and wireless networking dominaed the educational
technology effort as network devices such as laptop and handheld comput-
ers gained commercial popularity,

The miroducuon of each new technology has led 10 a greai deal of opti-
mism that it wouid lead to substanual improvements i educational out-
comes. Those prochects that were marketed to the general pnblic, such as
the television and the personal compuier, were objects ol great techno-
optimsm and were pronused to forever change the way we learn. However,
no grand improvements m student learming were secn simply due to the
mtroduction of these technologies into the classroom, An important lesson
Lo take from the past few decades of rescarch on mstruciional technology is
thal technology in and of iself does nothmg to unprove learning or
siructon. Technoiogy does not elimmate the sstes of the ¢lassroom, but
wsteadt offers a new means of approaching them. Surprisingly, despite the
[act that computers bave been m classrooms for close 1o 20 years and that
children are highly familiar with computers and usc them daily from very
young ages, there does seem to be a “novelty” effect for technology even
now (see Clark, 1983, 1985; Kozma, 1991, for discussion ahout the motivat-
ing effects of computers). Children seem 10 like 10 use technologies in the
classroom, and computenzed insiructon can lead 10 increasce levels of
terest and engagement among students. However, mterest alone does
nof guarantee positive learning outcomes. Rather, it s a question of when
atl how technology can he mcorporated and leveraged o the educs-
fional process to best support learning.

The goal of this chapier 1s to trace the theories of instructional technol-
ogy from the early behaviorist approaches to the present, o highligltt the
wavs that the cognitive revolution has affected the way technology s used
1wy struction, and to reflect on several shifts i mstructional theorv and
pracuce that may n part be due 1o the invaductton of the new resources.

.. and scores him- or herself). This “feedback”
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THE BEHAVIORIST LEGACY

The earliest approaches to the use of technology for educational purposes
were ~.o.o:.w.n 1n behaviorist theories of learning. Pressey (1926) realized
Thorndike’s (1912) wision of a mechanical sequencer 50 years before the
onset of the Wmﬂmo:& computer era, designing a typewriter-like device that
resented 2 frame of text s orde s’ Y 'hese
ﬂ en fran oaw text and recorded users’ keystroke responses. These
caching machines” were based on the same principle as simple contin-
gency response boxes: the behaviorist premise that in order for mstruction
to _omm effective, learning needed to be student-paced, active, and erroriess
and feedback on performance need i i ‘ “
. ; ed to be immediate and personali
(Skinner, 1968), g’ el
vfu:ﬂzm ﬁ.@mwv theory of instruction s based on his ideas of operant
conditioning (i.e., that human bebavior is shaped by contingencies of rein-

- forcement). If we want a behavior to become more probable, it needs to be

reinforced. Thus, in programmed instruction, new and complex patterns
of behavior are “learned” by conditioning the student or animal to gener-
ate H.rm desired behavior or product, erther through extensive coachin

explicit directions, or rewarding responses that approximate the Q_:.EW
response. After the target behavior is produced, supports are gradually
femaoved and only wholly correct responses are reinforced (i.e., shaping or
fading). An example of an application of this theory to a learming task

- offered by Skinner is a vocabulary lesson presented on a teaching machine.

A mEQm:H 18 taught to speil a new vocabuiary word incrementally, first by
copymng the word, then by filling in a few missing ietters, and m:m_:“ by pro-
Q:Qwum the whole word to fill in a blank in a sentence. .HEﬁoHS:w to Skin-
nier 1s that the student “has probably learned to spell the word without a

mistake” (1968, p. 41). It 1s aiso important that the student actively gener-

ates their response, Skinner argues that composing an answer (putting let-
ters or words i blanks) is superior to ma_nnmsw an answer from a multipie-
choice set of alternatives, as 1t not only teaches what 1t “means” F“o _A:cd.e
that the word is right, but also that it reduces the likelihood that incorrect

-responses could be strengthened through association. The machine then

gwes them unmediate feedback (the student 15 shown the correct answer
\ acts as reinforcement and
strengthens correct responses and weakens the incorrect respounses. Skin-
Ier argues that these methods are effective because students can pace
Emﬂmm_ﬁ.m and always be busy and alert—whereas lectures and textbhook
reading can lead to boredom.

When one examines these features of the bet

p ( u : 1aviorist approach to
instruction, there are striking similarities to many current approaches in

nstructional technology. Today's CAI {computer-assisted IOSErICtion} sys-
tems are somewhat more advanced than their programmed ?.mamnmwmo_.m

i PSRN
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m their ability 1o accept muluword responses instead of single letters, num-
bers, or words. They also can awtomatcally score responses, 1stead of rely-
mg on the student o score themselves. New language analysis programs
can atso allow for some scormg of open-ended responses. However, these

systens provide mostly feedback on answers from prestored sets of mes -

sages (explanung why answers are right or wrong In a generc manner).,
Thus, atthough thesc programs provide support to the learner, the feed-
back is netmdividualized (o the student (Aleven, Stahl, Schworm, Fischer,

& Wallace, 2003), Intelligeni. Tutoring Svstems, on the other hand, repre- .

sent a newer generation of supportive leanung environments that utilize
coguitive modcls to provide individualized mstruction. This approach will
be discussed i more detail later, At the turn of the millennmium, however,
tew contemporary commercaal sofltware programs seek 1o tailor instruction
usiflg cognitive modeling, and behaviorist-inspired software technologies

coninune to dominate the landscape n schools.

THE COGNITIVE REVOLUTION

Behaviorist methods can be successful forms of instruction, but it 1s impor-
tant to note the kinds of content that are likely to be successfully acquired
with such an approach. The examples that Skinner gives for programmed
lstruction span sucl simple iasks as learning spelling, arithmetic, geo-
graphical facts, foreign language vocabulary, anatomical terms, and teach-
g a student to recite a poem. The sunple response and feedback charms
espoused m the behaviorist tradition arve likely 10 he good ways to teach
such simple associations hke courttty names and thewr capitals, or cven
country names and their main geographical features. However, it is diffi-
cult to envision exactly how such an insiructional approach could be used
Lo ieach students, for example, why parncular geographical featurcs are
fornd in different places around the globe. In a number of places, Skinner
refers Lo his approach as producing skiflled behavior, A distinction needs to
be made. however, between the learnng of sumple discrinunations, associa
i1ons, or procedural skills ?.m.., vocabulary or arithmetic), and the mnder-
standing of complex concepts such as plate tecionics or photosynthesis.
Nevertheless, Skinner mamtained that complex topics, such as lugh
sclrool physics, could be taught via fill-in-the-blank exercises. For example,
consicler a lesson on the emission of light, Filkin-the-blank exercises are
mtended to enhance the students” ability to learn what technical vocabu-
lary words fit i sentences of a physics text. In additonal exercises, stucernts
then use the smne teoms 1o talk about familiar objects, such as flastilights
and candles, Urat also enmit light. Skinner claums that being able to discron-
inate when a term should be applied in a parocudar sentence represes an
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.:ﬁ&m?.nm:&:m of the topic. In essence, if students are capabie of perceiv-
ingunder what conditions they should generate a certain answer, they have
“learned” what that term means, and not Just how to use 1t in a sentence.
*What many researchers have questioned is whether the [earning of isolated
facts can effectuvely support the understanding of compiex concepts, If an
approach such as the one outlined above were effective, one could ask
- whether the learning occurs because of the reinforcement of correct
- vocabulary use, or whether the examples of everyday objects are critical to
- providing the student with prior knowledge or a mental model upon which
1o develop their understanding of the topic.
;- The notions that prior knowledge and mental representations might be
- necessary to explain learning were the foundations of many researchers’
- dissatisfaction with behaviorism, and a main premuse behind the cognitive
.- Tevolution. FEven animal behavior researchers such as Toiman (1948) were
.m.o:n‘ma to resort to the use of mental maps as an explanatory construct to
-explain how rats were able to run a maze correctly when ﬁ_wnna al a new
_entry point. While behaviorism stressed erroriess learning of associations,
..osa can see the emergence of schema and mentai model theories as con-
" ceptualizing learning as the process of constructing, assimilating, adapung,
Or revising a representation (cf. Alba & Hasher, 1983, Anderson, Reynolds,
~Schallert, & Goetz, 1977). With the cognitive revolution, the mg—ummm_m m
instruction shifted from Sumple associations to helping the student mte-
< grate new information with prior knowledge, and prompting the student
-to elaborate on incoming information to build coherent and connected

~models of the subject matier (Bransford, Brown, & Cocking, 2000; Gara-
" ner, 1985). |

- From Information Transmission to Active Learning

The cognitive revolution has resulted in a view of knowledge acquisition
‘that seeks to replace the transmussion model, 1n which the role of educaton
..:.. to transmit a body of facts to students, with a constructivist model, in
~which the goal is for students to gain an understanding of the subject mat- -
ter through thewr own exploraton and problem solving. Constructivist
‘approaches emphasize “learning by doing” and active manipulation of
information in order to achieve problem-solving goals, They also require
- elaborate responses, often in the form of externai Boam_m. or authentic
” .._mE,:Em products. The technology in constructivist learning environments
;- Supports the construction of mental representations or models in muftipie
Aorms, which help students construct therr own meaning from instances,
~data, or evidence. The use of multiple representations and generalization
from concrete exampies is also meant to strengthen the likelihood that this
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knowledge will transfer to new sivanons. Retaied (o thirs is the movemnent
toward (he use of multiple representations of content in insirncuon (e,
wisteadt of memoniung a single verbat descripuon or diagram, students are
faced with multiple represeniations that tiey need to resolve m order o
consuruet thew own coherent understanding of subject matier). Construe-
tuvisi-based techuologies take many forms, but four basic unplementatons
are mtelligent tioring systems, simulation or modeling enviromuents.
project- or problem-oriented learnmng enviromments, and partictpatory
stnbatons. These approaches differ m the amount of curricular struciure
and tools that are olfered to the srudent, and are often combined in spe-
cilic programs. However, these implementatons all share a common
emphasis on the developiment of coherent mental representations of sub-
Jjectmatter.

Intelligent Tutoring Systems

m.::.p,m.w:.ﬁ.ﬁ.i::::mv.Q.»,S.m:F»u.uommxu::«.E_a:i.c::x:i:._ﬁ.“.:i:.:"_,:..
each student. In most classrooms, there 1s but one teacher i a room of 20
10 30 students, Yet, despire tns disparity, the teacher 1s siill responsible {or
several clements of instruction that can be critical to positive learming out-
cotnes: malclung sidents (o materials and tasks, prompung and scalfold-
mg the learnmg process, and giving feedback or assessiments ol learnimg
ouicomes. One way that mstructional technology has sought to produce
nprovements m the classroom is by avempting to fill several of these
teacher roles through dynamic, mteractive systems thai can sapport learn-
mg by stnciurng or responding to students as they work individually or m
groups. Attempts have been made o optomuze the maich of the learner (o
the content or structure of a lesson, for instance by prior knowledge or
ability assessments. (Some of these systems are more online and dynamic
than others, using online tests, progress tracking, or LSA {latent semaniic
analysis| o denive the student’s level of understanding hefore or during a
lesson.) Cthier approaches rely on (eacher or student selfreports of ability
level, skills, or learmng preferences (o determuie the version of a (utor or
program that a siddent receives.

Ar the heart of the benefit of computerized HEOTINE environmenls 1s
their ability to provide personalized support and feedback (o a student
based on their performance. The most siccessful turoring cuvironments
use a cogative mode! of the student o provide contex! and iearnersensi-
tive feedback, as well as to ailor the currrculum w the student's individual
learning needs. Usmg mlormaiion gleaned from student responses,

meding errors and correctly solvect problems, the intelligent tutoring sys- |

tem {ITS) can track student understanding m a cognitive model based on

. domain. Because of the re

. For common errors,

- representations of content, so that information can
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an analysis of the skills and procedures needed to perform well i the
‘ liance on cogninve models of student under-
standing, ITS learning environments have also been called “cognitive
tutors” and have been shown to support learning better than EBEM:. CAlL
systems (Anderson, Bovie, Corbett, & Lews, 1990).

.EE. Algebra Cognitve Tutor (ACT) 1s one example of a PGhased ITS
Eo&._smﬁ.. Anderson, Hadley, & Mark, 1997). Students work through an
orgamzed curriculum of problems by reading a text description of the situa-

- lon and are posed a number of questions about it. The problems students
. .are asked to mvestigate are real-life situations that require aigebraic solu-

tions like figuning out how to make money m a snow shoveling business.

- They mvestigate the situation by representing it graphically, in tabular form

and m symbolic equations, They use these multiple representations Lo
understand the problem and answer the questions.

Students use the tutor 1ndividually, and critical to its design 18 a cognitive
model of student performance that it uses to track students’ ?.omﬂ.m%g.. The
tutor 1s mostly silent, but when help 15 necded, the tutor can give hints
appropriate for the student. Errors are flagged for the student to correct.

S, a message 15 provided explaining what is wrong with
an answer. Immediate feedback is based on a particular student’s under-

standing of each problem, and new problems are gven based on analysss of
' weaknesses in the student’s set of skills. Additionally, teachers are also sup-

ported n their use of this technology. A workbook has been created that
accompanies the tutor to give teachers useful ideas for implementing the

.. technology 1n the classroom. As a package, the Algebra Cognitive Tutor

consistently vields learning gains over and above comparison classes who

. are taught algebra using a traditional curniculum ( Koedinger et al., 1997).
= ,:Emm. gains are seen both on standardized assessments as well as on tests
. that directly address everyday problemssolving and representation skills.

Simulation Environments

Simulation learning environments allow students to explore multiple

be compared, con-
trasted, or integrated across different sources, configurations, or modali-

tes. Technology is especially useful for visual displays and representations.

: Fou.:ﬁ:pn_.m can easily offer access to animations and visualizanons not
-~ available through ‘traditional’ classroom materials {e.g., textbooks), and in

the latest VR (virtual reality) systems, Jearners can actually be inmersed in
the environment about which they are learning,

Even on its own, the ability to view visual representations seems to offer

.. many affordances for icarning (Wiley, 2003). Visualizations can be an
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clfective means of analvzing complex streams ol informanon, like weather
patterns or seock market daia. Similarly, visual displays may be quite ellec-
uve for the comprehension of complex parallel systems like tralic pat-
terns. Visual displays are also essental to virtual tranung environments,
wliich seein. 10 be most effective for content domans that require iher-
ently perceptual or motor skills, like piloting or surgery. Thas potential for
“virtnal firsthand  experience” through visualizauons can not only
enhance (he saliency of relatonshups between materials, but can also
allow lor a larger knowledge base (i.e., verbal and spatial) to he applied o
the learming process.

‘The ability to portray inultiple representations can support the mapping
of relations between knowledge units, for instance between concreie
mstances ol observed data (like volcarue eruptons or selling prices of
houses) and thewr representations m a graph or other symbolic data dis-
play. The available companson of the two makes both the referents, and
mnportant relations between the elements in the svstem, more apparent,
whereas Uus nught not be the case if it were just summarized in a textbook
chapter. Siwmilarly, students could be presented with concrete and abstract
versions of representtations of the circwdatory system, [or example, winch
might lacilitate the mapping process. Visual representations could also be
“layvered” 1 such a way that smdents can be prompied Lo sec the corre-
spondence between multiple representations at different grain sizes (i.e.,
the functuoning of the arculatory system vs. the role of white blood cells in
the hlood stream vs. the cell biology of white blood cells), Finally, ihe clas-
sic pairmg of text descripiion and image can allow for readers to “see” a sys-
tein that ihey are attempling (o understand, while the rext can make the
dynanic relations between the elements of the system explicit.

Compater simulations based on the mput of the user atso allow students
to sce what vanables may affect phenomena, view diffcrent perspectives,
and test their own understanding of systems, Heve, as in I'1S learning envi-
ronments, feedback is available directly to the student, as they can see what
“works” ancl produces a desired outcome in their stmulatons, Simulation
cnvironients have been especially importani {for learnmg m the sciences
where visualization 1s often a key to understanding (White, 1993) and can
help students (0 make imporlant distnctons in concepts suclt as heat autd
temperature (Linn, Soager, & Tvion, 19963, Some simudaton environ-
ments employ an orgamzed curnculum or problem set, while others are
used more openly as exploration spaces.

Thinkertools is one example of a PC-based simulation environntent
(White & Schwartz, 1999), designed o enhance students” understanding
of physics, and whose cffectiveness has also been empmically demon-
stratedd by naprovements on  vearend  assessments.  ThinkerTools
approachies physics mstruction from a fundamentally different perspecuve
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- than “traditional” physics instruction. Rather than focusing on tradinonal,

top-down quantitative instruction of formulas and applicanons, Thinker-
Tools approaches physics teaching with a focus on “constructing causal
models” of understanding through the use of intermediary causal modeis

_.nnos,%:anw sunuiations) or microworids (White, 1993, 1995, White &

Schwartz, 1999).

In ThinkerTools, the units are not solely computer modeling exercises.
In addition to instruction on how to run the simulations in the computer
modeling program, each unit involves hands-on experimentation, guided
inquiry, and hypothesss testing, as well as debate and nteraction among
mndividuals regarding the designated topic. To address individuai differ-
ences in performance and prior knowledge, the teacher can customize the

" content and parameters of the computer experiments. Both students and

teachers are provided with a resource book that provides a detailed road
map through each unit.

The design of the ThinkerTools interface may also be important for the
positive learning outcomes that have been found. Graphs are simple, as 1s
the animation in the simulated experiments. There appear to be few irrele-
vant, extrancous “bells and whistles.” Students are also involved in input-

. ang data, and constructing the graphs and notes from their experiments,

so the correspondence between the simulations and graphs is reinforced.
ThinkerTools represents the fusion of the traditional classroom with
technology. Students conduct simulation experiments on the computer,

.- the computer allows them to save their work, and further provides them

the chance to test multiple hypotheses easily and quickly. Students then

. must apply their gained knowledge to subsequent “real-world” demonstra-

tions. This integration of real-world experience and computeraided
instruction ensures that the iformation students are exposed to is con-
nected to their existing knowledge, is supported through interacuon with
peers, fits the global goal of promoting scientific inquiry, and ulumately
feads t0 an increase in students’ understanding of physics (White &
Schwartz, 1999),

.- Project-Based Learning Environments

Project-based learning environments generally employ more complex,

realistic, and less-directive discovery spaces, mspired by situated learning

approaches. One example of such an approach is the Jasper Woodbury

- Problem Solving Series (Cognitive and Technology Group at Vanderbilt,
1997} in which students are presented with 12 interactive video environ-

ments, and are challenged to solve problems that require the application

- of mathematical concepts (like designing a playground). Students work
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wgether to build models, compute measurements, and design sobulions,
These programs have demonstrated gans m student learmng of mathe-
matical concepts, as well as changes 11 communicanon skills and attitndes
toward math. However, these expenences have also highlighted some of
the atendant complexiiies of the introducnon of such activiies m the
classroom. Perhaps most nnportantly, the lack of explicit structure and
sequence 1 the learning activity forces a heavy reliance on the metacogni-
tive ability and background knowledge of swtudents. In recent vears,
researchers have begun to focus on the importance of embedding scalfoid-
ing or help systems as an integral component of learming applications (e.g.,
Aleven et al., 2003; Reiser et al., 2001).

Collaborative Simulations with Embedded Technology

The fourth approach within recent uses of iechnology may be best
thought of as a hybrid between collaborative problem solving and simula-
uon environments. One example of this new approach are participatory
simulations (Resnick & Witensky, 1998). Participatory simulattons Cngage
groups of learners in the enactment of a dynamic model, with siudents
controlling model parameters, often by interacting with comumon physical
devices embedded with computational capabilities. The critical design fea-
ture m this approach 1s thar stndents take part in collaborative aciivities,
the result of which s an cmergeni representaton of the phenomena they
are trying 1o understand. A more specific example of this approach 15
Geney, a collaborative problem-solving applicaion (¢ help children
explore genetc conceplts using muluple wireless PDAs and a central per-
sonal computer (Danesh, Inkpen, Laun, Shu, & Booth, 2001). Here, the
application is used to nnptement s game played by the entive class, in
order to teach basic genetic concepts of donupant and recessive genes.
Fach PDA s shared by a pair of stuclents, but eaclh member has their own
stylus for input, In thus game, each PDA represents a pond of fisii, Within
cach pond. fish age and die. What students can do is exchange [ish with
ollier pairs through their infrared povis, and then mate ther fish and
obsetrve the charactersiics of the offspring. (A limated set of traiis 1s used to
reduce complexity.} The goal of the game is for the stietents to produce a
fish with a parvcular set of characteristics. To do so, the class must work
caoperatively, gathering genenc material from multuple ponds. Fach Pond
only represents a portion of the gene pool. However, students can uploacd
their information to & central PC to see the complete family tree of fish,
The collaborative activity seerns to be very engaging and exciting, Even qui-
eter children who were usually less inclined (o work with others were
brought mio discussions. This use of technology seems promising, but
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vesearch on it is still in its early stages, and learning outcomes have vet to
be examined.

In a pilot experiment of our own using an analogous kind of activity
(Moher et al., 2003), we have mvestugated how collaboration with hand-

-helds can support the acquisinon of scientific reasoning strategies. Similar

to the Geney application, students must engage in cooperative problem
solving in order to turn a field of circles on a large plasma screen all one
color. Each student has a wireless PDA that controls a single dot. In other

- words, the students act as the variables 1 this experiment. Successful

attainment of the goal requires that the class, as a whole, recognizes that in

.. -order to achieve a desired pattern only one person can click their PDA at a

ume. In other words, students must adopt a strategy of manipulating only
one variable at a tme (a control of variables strategy) in order to success-
fully complete the exercise. We found that after a class of third-grade stu-
dents engaged in this activity, the majority of them were able to generalize
the control of variables strategy to a new transfer problem (determinmg
which dog food makes dogs sick). Performance of individuals on the trans-
fer problem showed a significant advance versus a similar pretest question,
as well as in relation to normative levels of understanding of this concept
reported in the literature for this age group. These data suggest that cok

- laborative problem solving or simulation activites are a promising use of
* handheld and other mobile computing technologies, and may be an

important future direction for educatonal technology research.
Although the above examples utilize technology n very different ways,

- these approaches also share a number of common elements, as do many

examples in this generation of instructional technology. A number of
learming environments or contexts that have produced positive learning
gains use inquiry/problem-solving tasks to help focus students on impor-

tant concepts during their exploration. Providing students with a specific

mqury task to guide their activity, like “What caused the eruption of Mt. St.

“Helens?” or “Why are all the California tree frogs dying?” seems to be
-1mportant for keeping students on task and working constructively (Wiley
~ & Voss, 1999). Such problem-solving tasks can also help to “anchor” cogni-

tion m a realistic, meaningful learning activity.

Many current examples of instructional technology also involve learning
by active mampulation of data. This often involves the use of multiple rep-
resentations and viewing data from different perspectives, or in different
forms. All these examples aiso have a method of feedback to the student.

- The feedback in the ACT is most tailored, but the feedback that students
-receve [rom seemng their simuiations m ThinkerTools, and the results of

their collaborations on a larger screen in the activities using handhelds,
also seem important to the learning process. Many examplies of current
Instructtonal technology also mvolive some sort of hands-on manipulation
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or activity interweaved with the technology. Tn meost cases, the benelits of
both the hands-on or exploratory activities, and the SC:55..1&..&:;:0_._Q_

activiies, will be most benefiaal when they are reflected upon or mte-

grated conceptually through discussions, And, it 1s imporant o note that
both ACT and Thinker Toots provided support 10 teachers so they could
accomplish this integration of technology mio the cassroom discousse.

This lecads 1o another set of common elements that cross many current

learming conlexts: the use of collaboration, discussion, and/or debate in
the learnmg process. The social processes of learnmg, and the role tha
technology can play in supporung collaborative fearming, 1 recerving more

and more attennon i educational research, and is an important pat of

P learnillg enviroiunents.

TRENDS IM INSTRUCTIONAL TECHNOLOGY

The above exampies illustrate several trends that sect 1o have energed in
cducational research in the past decade. The firse trend we note 1s from
ndividual to group learning contexis. The second is from an emphasis on
Ccognitive activity to a recogmuon of the role of metacogniiive acinvity m
the learming process. The third trend we noie 15 a movement from creanng
tesnung acrivities 1o fit around technology. (0 a movenleni ioward embed-
ding technology into meanmglul earmng acovites,

From Individual to Collaborative Learning Contexts

As a number of other authors 16 this volume have remarked, the role of
soctal processes it learning has recewedd increasing atlention m the past
few years. Emphasis within the cogmtive psychelogy tradittion has been
overwhelmingly focused on individuals acing and learning alone. This can
be an excellent approach to cffecuve mstruction, especially in the JRAragon
case of the Algebra Cognitive Tidor, whiclh gains much ol its power [rom
the delatled analysis of 1he cogmuve skills needed for an mdividual (o
understand the domam. If this method could be followed for all content
arcas 1t wonldd clearly lead to powerful learming gams. However, since all
sithject matters are not as easily reduced to a set of production rules, we
must mvestigate olher effective forms of instruciion. One promismg arca 1s
the exatmnaton of learnmg ihat oceurs through social interaction,

While the original reasons for having small groups of children share a
comprter may have been pragmafic (due to scarce resources}, there are
reasons to believe that collaboration may be important For pesitive leari-
mig ouicomes (Webb & Palincsar, 1996). Collaboraiion is essenual for real
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-scientific inquiry, which happens in laboratories and among communities
- of researchers on a regular basis in the real world, Although there have

been numerous findings that groups do not outperform ndividuals 1n the

- social psychology literature, a few studies have found learning benefits ver-

sus individual controls (Barron, 2000, 2003; O’Donnell & Dansereau, 1993;
O’Donnell, Dansereau, Hall, & Skaggs, 1990). The recent work of Ander-

- son and lis colleagues has also demonstrated that peer mteraction may be

~a cntical mechanism for the development of reasoning skills among
- schoolchildren (Anderson et al., 2001).

Many new technologies have become available to support collaboration,

which may be responsible for this growing trend and interest in collabora-

tion as an effective means of instrucuon. Although collaborauve learning

. seems to be an important new direction for research, any new technology

needs to be mvestigated, specifically in terms of how it can support collabo-

- rative interaction and when such interaction actually results in better learn-
- 1ng, as results are still decidedly mixed on this topic,

.From Cognitive to Metacognitive

Intuitively, many educational researchers believe that collaboration can
benefit learning because students can provide each other with prompts for

reflection and explanation, contribute multiple sources of knowledge, and
* explicitly generate more planning and monitoring statements of goals. All

of these are elements of successful metacognitive activity, and collaboration
may be especially important for supporting metacognitive skills and aware-
ness. In addition, the role of supports and prompts for metacognition as
students are engaged in learning actvities is an important direction for

future research in interactive learning environments.

"Technology has enabled new possibilities in terms of placing students in
rich muitimedia problem spaces or virtual environments that allows for

- learning questions to be posed in such a way that they “feel” more authen-

tic and situated to the learner, Also, the lack of explicit curricular structure
and sequence in some learning environments may allow for the excitement

- of “discovery” or “exploration.” This freedom to explore and discover, how-

ever, is a double-edged sword. While enthusiasm and interest may be

©_enhanced by the discovery process, discovery may only work with students
_who have adequate metacognitive ability and background knowledge.

Appropriate scaffolds are necessary for students who might be deficient 1n

. these areas, and are realizable through technology. In recent years,

researchers have begun to focus on the importance of individualizing scaf-

.. folding or help systems as an mtegral component of learning applications

Am g., Aleven et al., 2008; Reiser et al., 2001).
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From Technology-in-a-Box to Immersive Technology

The vast majority of new technologies were not developed specifically
{or education. Most of our current educational technologies have been
developed hy mmr:.m the question “Tow can we use this tool {or educa-
ion?”, and then adapling cxistig resources to the cducational task at
hand. The ool exists first and mstrucuon is Atted around it. This leads 1o
nany awkward, tess than ideal situations. As a prime example, deskiop
computing 1s a problemauc fit for school classrooms, especially clementary
schaol classrooms where children would rather be moving around e
room. Even among older children, there 15 oflen a mismarclt berween the
munber of available compurers and the muonber of siudents. When a mis-
match occurs between resources and students, the teacher is forced to
cstablish a scheduling regunen around the scarce resource (further hu-
dening teachers, rather than assisting them}. For exsunple, in a classroom
with one microscope, 1 each of 28 kids gets 15 munutes at the scope 1o
observe and record their observations, the teacher must plan a full day’s
actvines that won 't be impacted by the com-

worth of “parallel” acitviiies
¥

mgs and goings of kids 10 and from the microscope—Ior the rest of the

class to do while warting [or thewr tiwn for the nucroscope, Inn a classroom
wilh one compuicr, certan activiiies, such as the use of the Internet as a
resotiree {for open-ended research questions, becomes almost unpossible to
coordinate. Al the elementary school level in particular, the physical nceds

and abilities of younger children are not well suited 10 exiended interac- -

(o1 with deskion compuiers., Over the [past several veurs, maotivated by the

acuve and collaboralive lcarmng exigencies outlined above, researchers
have begun to explore alternauve means for studeilts o interaci with con-

puters and each olther in Ec::.m:m_..ﬂ.: FE)_::.m AcCtviiles.,

Oue approach to dealing with these problems has been, essentially, the
mimaturization of the computer. Palm- and tablet-size computers provide a
less expensive and considerably more portable platformn that can be -
lized at the physical pownt of phenomena. Highly portable computmg
devices are beng used © support students” collection ol environmental .
probe dara m the real world (e.g., the BioKids projecy Parry, Jones, &
Songer, 2002) as well as in simulated setungs m the classtoom {Moher, -

Johnson, Cho, & Lin, 2000), Handhelds are also bhemg used {or activities
such as personal reflection and plannmg (Soloway et al., 1999),

A complementary approach has been the enlargement of the display. As’
screen echnologies improve and prrces drop, larger tubes, panels, and
projectors, capable of supporting small-group as well as whole-class activi--

tics, have hegun to fall within the price points of schools. A new class of

apphications called sigle display groupware has begun io emerge (Drnn,’
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2002; Inkpen, 2000), combining multiple private-user affordances with a
© - large common display for collaboration.

New computing devices and embedded technologies are being devel-
oped and implemented in participatory simulations. An Interesting exam-

- ple is Thinking Tags (Colella, Borovoy, & Resnick, 1998), small necklaces

with digital and LED displays that sense the presence of proximate tags and
‘exchange wformation, which have been used by groups of students for

-~ sinulating disease vectors and inheritance of genes. Wilensky and Stroup’s
‘HubNet (1999) architecture allows students to network their locai devices
3 Ano::u.ﬁma or calculators), and project the sanajaton onto a large com-
. mon display. This provides students with a view of the aggregate state of the

simulation, which may be critacal for reflection and understanding. Finally,
. 73

. ew technologies have been developed that allow for the creation of virtual
- worlds. A completely different sense of “immersion” arises from the use of

mmnbsoho%mm Intended to situate users within virtual reality environmen ts—
in the depths of Washington’s Puget Sound (Windschiil & Winn, 2000) or

. .a%:m along on an electron (Dede, Salzman, Loftin, & Ash, 2000).

With all these changes and developments i technologies and their

- affordances, at present, we are still largely engaged in the arduous process

of adapting business technologies to schools. The one-person, one-key-

" board, one-screen physical configuration of computer systems is well suite
: .8 the deskbound, contunuous-access world of the office worker, but does
~-hot translate easily to schools where there is a great deal more phystcal
‘movement, M:.E where the availability of compuiters 15 brief, Em.msiﬁ:
“and &Enzao:_mma to a daily schedule. We need to ensure E.M: m&msm:m
. -@ppropriate resources are accessible to teachers that will aliow them to :mm
~available technologies (0 an optimal level. At the same time, we need to

explore emerging technologies that can more economically overcome the

L b T TS O " .

. ‘availability gap” and support effectve learning. New handheld and
micmmanaﬁ_:v technologies that enable mobile and active learning seem
‘quite promisimg in this regard.

THE FINAL WORD:
REASONS FOR PESSIMISM AND OPTIMISM

Although Enwﬁ mght stll exist some mportant questons regarding the
educattonal effectiveness of the latest technological tearning environ-
ments, there are several reasons for continued opumiso about educational

uses of technology. Technology continues to provide new and motivating

carning contexts mOw students. Technology is beconing more available and
students are increasingly comfortable with technology. Finally, perhaps the

“most promising reason on the horizon, is that new technologies are emerg-
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g that will allow for teachers 1o bring technology into the classtoom ﬁ.._«:-
out having o mold course planning around the computer. This bemg said,
cmpinecal demonstrations of how and when educational technologies actu-
allv result i posioive learming ottcomes are sorely neecded. Technology,
when based m cognitive models of student learung, and used appropre-
ately, can rase the level of performance. However, 1t 1s clear that sunply
miroducing technological gadgets mto the classroom will not improve
fearning. The lesson as we moved [rom behaviorist to cognitive principies
of instruction was that it was important to consider and suppore the
fearner’s mental model of the subject matter. Current educational technol-
ogtes that focus students’ attention on important concepts—either
through structured instruction, prompis and feedback, through sunula-
uons, or through anthentic problem solving--~have produced positve
learning gams. Recent trends suggest that the next movement in educa-
tional technology is considering the learmng activity in terms of its social
CONeXt, supporting actvity and interaction among students, and perhaps
even discovering new kinds of learning activiiies,

REFERENCES

Alba, W, & Hasher, L. (1983). Is memory schematic? Psychologieal Bulleten, 93,
203-251,

Aleven, V., Stahi, L., Schworm, 8., Fischer, F., & Wallace, R, (2003). Help secking
and help design nomnieractive learmmg environments. Rewvew of Educalional
Research, 73, 277-320).

Anderson, }. R.. Boyle, C. F, Corbet, A. T, & Lewis, M. W. (1990). Cognitive mod-
eling and intelligent twoving. Artificeal Intelligence, 42, 7-49.

Anderson, R. C., Revnolds, R E,, Schallert, D, L., & Goeiz, E. ' (19771, Frame-
works for comprehending discourse. Amercan Educanonal Reseeoch: Jowrnad, 14.
367-381.

Anderson, R, C., Nguyen-Jahiel, K., McNurlen, B., Archadidou, A., Kim, S.,
Reznutskava, A, Tillmanns, M., & Gilbert, L. (2001}, The snowball phenomne-
non: Spread of ways of talking and ways of thinking across groups of children.
Cagnition and Instruckion, 19(1), t-16.

Barron, B. (2000). Achieving coordinanon in collaborative problenmesolving
groaps, fowrnal of the Learnang Sciences, 9 405-130.

Barron, B, (2003), When smart grouns F Jovrnal of the Leanung Sciences, 1203},
307-354.

Bransiord, J. D., Brown, A., & Cocking, R. (Eds.}, {2000, How people lerrn: Mind,
bream, exprerience and school (Expanded ed.). Washington, DCG: Naronat Academy
Press,

Clark. R. E. (1988}, Reconsidering vesearch on learning from media, Remew of Edu-
cational Research, 53, 4454600

Research n instructional Technology 247

-Clark, R. E. {1985). Confounding in educationai computing research. Journal of

Educational Computing Research, 1, 137-148.

Cognition and Technology Group at Vanderbilt. (1997). The Jasper praject: Lessons
curriculum, wstruciion, assessment, and professional development. Mahwah, NJ:
Erlbaum, .

Colella, V., Borovay, R.. & Resnick, M. (1998). Participatory simulations: Using
computational objects to learn about dynamic systems. Proceedings of the CHI
‘98 Conference, Los Angeles.

Danesh, A, Inkpen, K., Lau, E., Shu, K., & Booth, K. (2001). Geney™: Designing a
collaborative aciivity for the Paim™ nandheld computer. CHI 2001, 3(1),
388-395. : .

Dede, C., Salzman, M., Loftin, R. B., & Ast., K. (2600). The design of immersive vir-
tual learning environments: Fostering deep understandings of complex scien-
tific knowledge, In M, J-Jacobsen and R. B. Kozma ( Eds.), Innovations in science
and mathematics education: Advanced designs for technologies of learning. Mahwah,
NJ: Erlbaum,

DPruin, A. (2002). The role of children in the design of new technology. Behaviour
and Information Technology, 21(1), 1-253,

Gardner, IL (1985). The mind’s new science: A history of the cognitive revolution. New
York: Basic Books.

Inkpen, K. M. (2000). Designing handheld technologies for kids. Personal Technolo-
gues Journal, 3(1&2), 8§1~-89,

. .. . Roedinger, K., Anderson, J., Hadley, W., & Mark, M., (1997). Intelligent tutormg

goes to school in the big city. International Jowrnal of Artificral Intelligence tn Edu-
catiom, 8, 30-43. )

Kozma, R. B. (1991). Learning with media. Revtew of Educational Research, 61(2),
179211,

Linn, M., Songer, N. B., & Eylon, B. 5. (1996). Shifts and CONvergences in science
education and instruction. In R. C. Calfee & D. C. Berliner (Eds.), Handbook of
educational psychotogy, Riverside, NJ: Macmillan.

Moner, T, Ding, X., Wiley, J.» Conmy, D, Hussain, 8., Singh, P, & Srinivasan, V.
{2003). Combining handhelds with a whole-class display to support the learn-
ng of scientific control. ACM Conference on Human Factors n Computing Systems
Extended Absivacts, pp. 382-883.

Moher, T., Johnson, A, Cho, Y., & Lin, Y. (2000). Observation-based inquiry in a vir-
tual ambient envitonment. Proceedings of the Fourth International Conference of the
Learneng Sciences, 238-245, .

o -O’Donnell, A., & Dansereau, D, F. {1993}, Learning from lectures; Effects of COop-

erative review. Journal of Experimental Education, 61(2), 116--195.

O’Donnell. A. M., Dansereau, D, T, Hall, R. H., & Skaggs, L. P. (1990). Learning

concrete procedures: Effects of processing strategies and cooperative learning.
Journat of Educational Psychology, 82(1), 171-177.

" Parr, C. 8., Jones, T.. & Songer, N. B. (20092). CybeiTracker 1n BioKIDS: Customiza-

tion of a PDA-hased scientific data collection application for inquiry learning.
In P. Bell, R, Stevens, & T, Satwicz (Eds.), Keeping learneng complex: The Proceed-
ings of the Fifth International Conference of Learning Sciences, pp. 474-475.



248 ) WILEY, C.A. SANCHEZ, and T. MOHER

Pressey, 8. L. (1928), A simple apparatus which gives tests aiid scores - and teaches.

Schoof and Secrety, 23(5806), 375-376.

r B [, Tahbak, L, Sandoval, W, A., Smith, B., Stemmuller. B, & Leone, T .
(2001). BGUILE: Sategic and conceptiad scaffolds for scientific inguiry in
biotogy classrooms. In SM. Carver & 1. Kiahe (£ds.), Cogwition and Insivucion:
Fraeniy five years of frogress. Mahwan, NJ: Erlbaum.

Resnick, M., & Wilensky, 1. {1998}, Diving into compiexiiv: developing probabi
tic decentralized thinking through role-plaving actwiiies. fowrnal of Lemmiing
Sewences, 7(2), 158-172.

Skinner, B . (1968). The technology of teaching. New York: Applaton-Centuyv-Crofis,

Soloway. E., Grant, W,, Tinker, R., Roschelle, ]., Mills, M., Resmick, M., Berg. R, &

Fisenberg, M. (1999). Science in the palms of thew nands. Commrenacaizons of

the ACM, 42(8), 21-26.

Thorndike, E. L. (1912). Educairon: A first book. New York: MacMillan.

Tolinae, E. C{1948). Cognitive maps m rais and men, Ps chologieal Reviewy, 35,
186G-208.

Webl, N M., & Palincsan, AL S, (1996). Group processes in the classtoom. In D, C.
Berliner & R C. Catlee (Eds.), Handbopk of educaiional psyeholngy. New York:
Macinillan. :

Whire, B, (1993). Causal models and intermediate abstraclions: A nussing link for
suceessful science education? In R, Glaser (Ed.). Advanees m wnstructonal fisy-
chiology (Vol. 1), Mabiwah, NJ: Erlbaum.

n B (19951, The ThinkerTools project: Computer microworlds as concepiuat
tonis lor facilitaiing scientific mauiery. In & Glynn & R, Dt (Bds), Learamg sor-
ence an the schools: Researcie veforsmang praciice, Mahwah, NJ: Evlhann,

Whiie, B. Y., & Schowartz, G V. (1999). Altermative approaches 1o usmg modeling
and simulation tools for teaching scicnce. In W, Feurzerg & N, Roberts (Fds.},
Modeling cne somudaiion i scrence and mathanaics educaiton. New York: Springer-
Verlag,

Wilensky, U, & Steoup, W {1990, Learmng through pariicipatory s
Network-hased design for systems learming m classvooms, Proceedings of the Cmna-
buter Support for Collaborairve Learnmg,

Wilexr, J. (2003). Cognitive and educational implicanons of visuallv-rich media:
Images and smagimation, In M. Hocks & M. Kendrwk (Fs.y Blogueni miages:
Word and tmage mn the age of new medie, Cambridge, MA: MIT Press.

Wiley, |, & Voss, ). I (19993, Constructing arguments ivom multiple sources: Tasks
that promote understanding and not just memory for text. Jownal of Edice-
tional Psychology, 91, 301-311.

Windschill, M., & Winy, W2 (2000}, A Vietual envieonment designed 10 help siu-
dents understand science. In B Fislonan & S, O'Coonoe-Divellyiss (Fds.p, Pro-
cerdings of the Fourih Internaiional Conference of the Learnimyg Seiences. Mahwah, NJ:
Lrlbaan,

Whi

QNS

CHAPTER 10

TRANSFER AND
PROBLEM SOLVING

A _um<nr._u_oumnm_ Integration
of Models, Metaphors, and Methods

Gary D. Phye
fowa State University

ABSTRACT

The following three themes are the storyline around which this chapter is
developed. The first theme 1s the identification of a philosophy of science
that guides the stucy of adaptive human behavior where human learning is a
primary agent of change, and transfer and problem solving are but special
cases. The second theme is a selective historical review of transfer and prob-
lem-solving research in the United States that identifies: (1) major theoreti-
cal models and melaphors and (2) the methods and materials used to test
respective theories. This chronology includes (1) initial efforts (circa
1900-1920), (2) verbal learning research (circa 19201570}, and (3) the cog-
nitive revolution (circa 1970-present), The third theme 1s a subtheme that
mvolves identifying similarities and differences in the study of transfer and
problem solving between 1900 and 1970, This subtheme is carried over into
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