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ROY D. PEA
Institute for Research on Learning

ABSTRACT

‘This research was inilialed lo examine instructional technologics and educa-
tional cultures in relation to identified cognitive and metacognitive stralegics
used in school tasks. The project involved activitics from the social studics
curricula that were presented through two new software programs intended to
support the development of problem-solving and reasoning strategics—IDEA
jInteractive Decision Envisioning Aid, Pea (76)] and Notecards (34)—and
through instructional approaches based upon “cognitive apprenticeship”
views of learning [Collins, Brown, and Duguid (36)]. After piloting the
project, ten high school juniors participaled in instruction with these tech-
nologics and redesigned melhods, composing cssays about their selection of
arguments about a candidate for U.S. President and about a “most important
social issue.” Essays about these lopics wrilten prior, during and after the
project were collected and analyzed for their reasoning, using the work of
Toulmin (40) and THillocks (46). In addition, the ongoing interactions of the
students with the instructional technologics were recorded and analyzed to
assess their cognitive and metacognitive strategies as they occurred. Quantita-
tive analyses revealed significant (p < .05) increases in the “breadth” and
“depth” of students’ reasoning in the “presidential candidate™ cssays as a
result of the project (independently of the presented knowledge basc), bul
little or no improvement in their reasoning in the “issuc” cssays (intended as
transfer tasks). Data colleeted from students’ ongoing use of the technologices
is also analyzed and reported, including positive correlations (Rho = .68,
Rho = .78) between wrilten reasoning and interactions with the “cxceutive
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control” functions of the software programs. These results, as well as qualita-
tive findings, arc discussed in relation to recent literature about cognition and
learning with instructional technologies.

INTRODUCTION

There has been, over the years and from many disciplines, considerable specula-
tion aboul the impact of computer technology on human consciousness [1-3].
These discussions are the clear offspring of a more general body of literature
cxamining the influences of technological changes on a given culture’s forms of
communication and thought [4, 5]. Following the cross-cultural rescarch of Cole
and his associales [0-8], our investigation assumed that compuler technologics
used within the classroom selting involve a “recurrent, goal-dirccted sequence of
activitics . . . for specific purposces in specific contexts of use™ [8, p. 236]. Practice
involving these activitics requires changes in the cducalional culture as well,
influcncing the types of cognition developed and used [6, 9]. Our research was
initialcd to examine instructional technologics and cducational culture in relation
to cognition— particularly thosc forms of thought that have been linked to fearning,
in a varicty of formal and informal contexts: problem-solving and reasoning
strategics [10-12]. By means of an exploratory noncxperimental study, we hoped
to assess the potential of two relatively new soltware programs for the develop-
ment of the problem-solving and reasoning strategics we [elt were central to
learning in the domain of the social studics.

Dcbates have flourished about the best approach for clfectively learning and
using these strategics {13, 14], debates that have extended to the manuer in which
cducational software influence their development and subsequent use in (uture
tasks [15, 16]. One theme of these debates examines the role of “metacognitive
capacitics” (knowledge about one’s own thinking, as well as the ongoing
planning, monitoring, and evaluation of one’s perlormance on a task) in acquiring
and using knowledge in school and cveryday contexts: how these capacitics, for
example, might allow the Icarner to control and orchestrate problem-solving and
reasoning strategics [17-19). There is mounting evidence that mctacognitive
abilitics are central to cffective strategy use [20-22]. Yet there has been very
little consensus as to how these capacities themselves develop, their specific role
in overall cognitive development [17, 23, 24], which of the instructional com-
ponents associated with metacognition to emphasize, or in what instructional form
[20, 25, 26].

There have been substantial efforls to assess the polential of new instructional
technologics for answering these questions: the facilitation of the Icarner’s
strategic ability, metacognitive knowledge, and subscequent usce of these abilitics
and knowledge in other tasks [27-29]. The rescarch to date has pointed 1o the
importance of developing and rescarching cifective instructional methods—a
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significant part of (he educational culture—for usc of these technologies 5, 6, 30,
31). Such initiatives assume, as did Vygotsky [32, 33], that actions involv-
ing “cxternal” tools become, through their involvement in cultural practice
in particular contexts, increasingly symbolized and intcrnalized as cognitive
processes. These processes can then organize future action in similar contexts.

From a research standpoint, the technologics involved can provide a detailed
account of (he Iearner’s activity on a task, allowing for a rich assessiment of the
Icarning process. A central question to many cognitive rescarchers—how cogni-
live strategics and mctacognitive knowledge about tasks develop-—can also be
empirically examined with these technologics. Much of the new cducational
software can provide, for cxample, “replay” files that record the leamer’s inter-
action with the computer in sequential form. There is a precedent for using these
process files to allow the rescarcher to chart patterns of and changes in usc over
lime, making possible inferences about the cognitive strategics involved, and how
and when they were used |5, 34, 35].

Rescarch should be undertaken to explore how cognition, curriculum, and
tcaching method might be reorganized to integrate the use of the computer in the
lcarning and ongoing use and “cxecutive control” ol defined cognitive strategics.
The project we developed attempted to cxamine the impact of instructional tech-
nologics and methods on the use of cognitive strategics for tasks chosen {rom
social studics curricula. We felt that this type of exploratory study would add to
understanding, of the Iearning process within school topics, from a cognitive
perspective, by using the technologics involved as tools of instruction and
rescarch. We further surmised that the project would offer some indications of
what teaching methods might be optimal when using such technologies 1o
facilitate strategy acquisition and usc. Parts of this larger rescarch initiative were
to cxamine, in more detail, the relationship between cognitive strategics and
metacognitive knowledge as they develop during the Iearning process, and poten-
tial involvement of what was learned in fulure task performance.

Identifying the Cognitive Strategies

Although many higher-order strategics are used within a traditional school
curriculum, we were particularly interested in identifying those that are also
considered to be effective in more informal contexis—maximizing the relevance
of the project 1o the students who participated and the potential transfer of these
strategics for use in school and informal situations [7, 10-12, 36, 37]. Strategics
for solving and rcasoning through problems have been linked, historically, 1o
learning on both (ormal and informal settings {11, 38], particularly thosc prohlems
best deseribed as “ill-defined” with no one best solution [39-41].

We understood problem solving as distinguishable “stages” ol activity, includ-
ing: classification/definition of a problem, assemblage of optional solutions for
the problem, development and cvaluation of a rationale for sclecting an option,
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and review of the decision-making process as a whole [41-43]. Reasoning in
social studics was understood as the learner’s ability in “argumentation” [40, 44,
45]. Toulmin [10] developed a model of argumentation we used in the project that
includes the following “primary traits” of arguments: “claims,” assertions or
conclusions; “data,” the foundation of evidence for the claim: “warrants,” proposi-
tions frequently involving rules, principles, or inference-licenses that show how
the data and claim are related; “qualificrs,” the degree to which the data bears on
the claim by virtue ol the warrant; and “rebultals,” conditions of exception to
a claim. Hillocks analyzed written arguments with two additional features:
“propositions,” an overarching, controlling claim to which most of the other
aspects ol an argument relate, and “opposing arguments,” claborated exceptions
to a claim that can then undergo rebuttal [46].

The ideas of Brown, Collins and Newman [37], Toulmin [40], Perkins [41],
Willard {45], and Hillocks [46] are included in the conceplualization of reasoning
used within the instructional method and measures of cognitive strategy. Reason-
ing was operationalized by the presence and elaboration of cach of the above
features in written essays or reports of the students, using the scoring syslem
devetoped by Hillocks [46] and adapted for usc in this project.

Il the instructional technologics and methods proved to facilitate the acquisition
and usc of these strategics with specific problems, it was important for us to assess
the use of them with other tasks as an indicator of (ransfer of what was learned.
Many have argued that the division of school knowledge itscIl into discrete,
sequenced subjects and traditional teaching methods within these subject arcas
(lecture, recitation, linear approaches to rescarch) are considerable impediments
to developing an educational culture that facilitates the learning and future use of
these strategics [12, 36, 47, 48].

Recent reviews of transfer research, however, have highlighted the complexity
of designing and cvaluating cffective technologics and methods, partly because of
the challenge of developing rigorous transfer criteria and rescarch methods in
concert with the technologies used [9, 49, 50]. Transfer tasks here were selected so
as to allow for testing the utility of a predictive model of “procedural” (or stralegy)
transfer, such as that articulated by Kicras and Polson [31]. The central assump-
tion of their model is that procedures shared by two tasks will determine the
degree of transfer and amount of nccessary training time needed to master the
sccond task. When the conditions necessary for using a procedure maltches a
specific pattern in the task, the procedure is used [51]. Recent rescarch in the arca
of human/computer inlcractions have largely supported this model of transfer
[51-53], although its rclevance to cognition for more culturally typical complex
tasks remains questionable [47]. Tasks were also sclected from the same domain
of knowledge in order to substantiate claims that use of a singlc knowledge base
for target and (ransfer tasks facilitates similar representations of the two by the
learner, resulting in positive transfer of problem-solving and reasoning strategics
[49, 54, 55).
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A Rationale for the Selection of Social Studies Tasks

Social studics is onc subject arca understood to centrally involve decision
making and reasoning, tasks that often focus on citizenship an.d currcx.u social
issucs |56-59]. Unlike many disciplines, social studies predominantly involves
“iIl-defined” problems with no one optimal solution [59]. Kitchener Ims‘nrgucd
that these types of problems might involve another type of mctacognition she
terms “cpistemic cognition™ {60]. She argucs that this level of knowledge involves
the learner’s awarencss that there is no “best” solution and, as such, the task
requires the use of personal belicfs to make a decision. Thcrcljnrc, decision-
making and argumentation strategies, frequently based on subjective Ynlucs n‘nd
belicfs, are particularly important in social studies topics [56]. Snc1;11.smdws
teachers, however, appear to rely overwhelmingly on classroom recitation .:md
textbook reading, which are highly incffective methods in the development ol 1h'c
conceptual understanding necessary to use the domain information in strategic
ways [56, 61]. . .

For these reasons, social studies scemed a good choice for a domain context in
which to explore higher-order thinking, and new instructional technologics and
methods designed to improve cognitive skills. Tasks for our high school students
included selection of a President of the United States for 1988 (as a target task),
and deciding upon what they considered the “most important social issug fncin}LY
Americans” (as a transfer task), then writing essays about the reasons for their
choices. We chose the target task for two general reasons: the tradition of rescarch
and learning cmphases on votership and political decision making {41, 6.2, ().3];
and the timeliness of the topic—insuring the availability of relevant information
and maximizing the project participants’ interest. Information about current sncinll
issues was theretore used as a knowledge basc for these tasks, situating learning ol
social studies topics addressed in both formal and informal scttings.

We also assumed that decision making and reasoning about social or political
concerns are necessarily value based, influencing how a social problem is coneep-
tualized in memory, which of the alternative solutions to the problem are sclected,
the relative importance of relevant information, and how these sclections are
warranlcd by the individual {44, 59]. People may tend (o remember and organize
information of social and political problems in memory by use of categorics that
reflect their beticf system [64]). Over the years, researchers have found that people
choose logically correct alternatives using more effective procedures on problems
with familiar data [65-67). The individual’s abilily to examine ullcmativcs.and
information that arc not valued may facilitate the development of argumentation.

Smith suggests that writing assignments involving argumentation and per-
suasion may be a key factor in developing reasoning skills in social studics {68].
Writing assigmments are more in keeping with traditional school work (a funda-
mental concern of this project) than verbal interviews or protocols, which are
typically used to examine problem-solving and reasoning strategics [349, 69, 70].
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Although there is no consensus yet about the relationship of thinking to writing
processes [71-73], ncither writing ability nor writing instruction was the [ocus of
the project. We felt it would be necessary, however, to control for the writer's
ability, the potential influence of the organization of relevant knowledge, type of
cssay, and audicnce on writlen content and form [74, 75).

Technologies as Strategic Tools: IDEA and Notecards

Pca argues that a productive approach in examining usc of tcchnologics in
cducation is to define the cognitive strategics necessary o be in control of
onc’s own lcaming and to then design new technologics to help support their
use [9]. Given our emphasis on solving and reasoning strategics with ill-defined
problems, we chose soltware programs that were developed [or these purposes but
that had been largely unrescarched in their use with school-related topics.

The cognitive strategics targeted by the IDEA program (Inleractive Decision
Envisioning Aid, Pea, [76]) involve making decisions about cveryday problems.
The program defines the decision-making process in stages, designed (o maximize
the learner’s mcetacognitive experiences: the oprions module helps the student
through problem development, using strategics to generalte a list of allernatives;
the criteria module supports plan definition and monitoring, including critical
analyses of positive and negative conscquences of sclecting alicrnatives [41]; the
appraisal module supports monitoring as well, using comparisons of evaluations
madc to highlight aspecets of the evaluator’s thinking processes. The IDEA pro-
gram is iterative, allowing the user to move to different phases of the decision-
making process opportunistically, as empirical research on decision making indi-
cates humans do so without the support of computer technologics [76].

A particular strand of decision-making rescarch that Pea [76] used to support
the development of IDEA is Multiattribute Utility Theory (MAUT) [77-79). One
general premise within the theory is that cach of the alternative solutions of a
problem be further broken down into attribules that can be cvaluated using
numerical values. Each attribute can then be given a rating of its relative impor-
tance in the overall decision. Further, cach alternative can be rated in relation to its
“utility™ on cach atiribute. These two ratings are multiplicd for cach attribute; the
products are then summed for cach alternative yiclding a highest score for the
“best™ alternative [80]. The ratings in MAUT, called “location measures” [77], arc
usually based on a “0” to “100” scale [81]. Two key assumplions made with
MAUT are that evaluation of alternatives should be comparative, and that judg-
ment of magnitude (which is part of the evaluation) is best supported by assign-
ment of numerical values [77]. We see the principle utility of MAUT as a mecans
of externalizing results of evaluation processes, not in blindly accepting the results
of its numerical methods.

An additional IDEA component is the executive control map that graphically
depicts the modules and their relationships, “graying out” the modules on the map
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as they are completed to reduce working memory demands of the problem-solving
task. Although other modules are intended to support the development of monitor-
ing and controlling of the strategics used (a type of metacognitive activity), we
argued that use of the exccutive map would offcr metacognitive kKnowledge aboul
the task itsell during the decision-making process.

Figure 1 depicts the main screen and executive map from the IDEA cnviron-
ment. By use of a “mouse” control (a hand-held control device whose movement
on a table top corresponds 1o a moving arrow on the screen; a press of the mouse
button makes computer everits take place) and pointing to the icons on the upper
border of the individual windows, new windows were opencd on the screen. Each
of the icons to the left of the “Main Idca Arca” caption represenled different
modules in the decision-making process. The map offered the same information in
word and tree structure form which could be retrieved by using the U.S. map icon
in the main screen. As a student completed a module, the corresponding branch on
the map was grayed out.

Figurce | also offers the work of a student in the eptions module, represented by
the person and lightbulb icon, including the four windows available in the module.
Here, the student entered the “List of Options” or gencrated the options by use of
the incomplele sentences listed in the “Brainstormer.” If the student clected to 1l
in the sentences, they were asked by a screen prompt 1o choosc two options listed
in the “List of Options” they would have liked to use for the task. As sentences are
completed by the student, more were automatically added to the window bascd on
the options and descriptors generaled in the first sentences. (The darkened words
in the senfences in the “Brainstormer” can be changed with the mouse 1o fit the
syntax created by the filled-in word.)

The “Classificr” offcred the options and descriptors used to generate them in the
“Brainstormer,” although the student could enter this window dircctly. Similarly,
the “Outlinc” window depicted options and descriptors in outline form (rom
“Brainstormer” work or direct entry to that window. The constraints modct (the
“X" icon) involved cntering which options were not being given further con-
sideration and the reasons for this.

‘The criteria module, represented by the “thumbs up” icon, involves sclection
of descriptors of alternative solutions by a sentence fill-in task for an option
the student liked and onc not liked, as depicted in Figure 2. (The verb s
changed according to the student’s sentiments about the option.) As in the
options module, the “Opposiles” window listing the criteria could be entered
directly by the student. Each criterion chosen automatically gencrated its
opposite to create a continuum, These descriptors or criteria were then used
to create the “perfect” option in the “Perfect Spot” window, with the use of a
visual slider, where the student rated cach criterion from 0-100. The relative
importance of cach criterion was then rated from 0-100, using the pics as a
visual cue, independently of the “perfecet option” ratings. Figure 2 offers a depic-
tion of this.
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‘The appraisal moduie (the balance icon) involved rating cach ol the candidates
holistically (0-100) and then by the cstablished, now weighted criteria (0-1060)
using the visnal stiders. These ratings, by option, were then presented logether for
comparison—the holistic rating and the average of the weighted criteria rating.

3
4

The student might have then revised cither sct of ratings. Figure 3 presents the
windows from this modulc. The review ratings module (the arrows icon) repre-
sented the averages of the two ratings for cach option, in ranked order. Scveral
windows could be viewed on the screen at once but only those windows related to
one module. The student could go back at any point to a previous module to revise
work. For example, criteria could be added or values changed after the module

ot ]

3

was removed from the screen.

e o 3

Previous rescarch with the IDEA program yiclded findings that supporled its

v Piict Student.

<
.
o
B
"
‘ ; K
: =
. A . . . R & ’7 ap qgp (T"
use to enhance problem-solving strategics in such arcas as assigning houschold « oy Flon = 3 . 5
. . . crmang o Agle s
chores to family members [82, 83]. But IDEA was not designed o provide the =1 3 l 2 ; g
. g . . . e . .. ' o H E
problem-related information considered critical to cfleclive use of decision- * SA I H S 2 :
. . . . . . . . N 2 o 5 .
making strategics in school-related topics [14, 54, 59]. A pilot study highlighted %: i 5 : 3 H : s N
the difficulty students would have withoul both a knowledge base and explicit 4l il 5 g iR Ha B 51 o | ; ng
. - . o s . =) b = t~1 +—1 — - '3 =
stralegics for scarching and organizing their own knowledge basc. Both the SRR afF 2 a1 2 g; il 5
. . o e . - . - . [ g - ‘s - £ 1=
organization of a knowledge basc and cxplicit tracking of strategics for process- E}‘ Shin 5 E H @ [ g.sz-
. . . S N 13 3 H 3
ing and grouping this knowlcdge arc supported by the Notecards system [34], E U B 5 3 § g é 3 3 2
. . s < s . .
created at Xerox Palo Alto Rescarch Center. It is a computer program intended . if.i i |3 LN s 3 g (3 =
. . - . . RN Y bel = 3 1e
to help in the writing process and in supporling complex (extual discourse o :.l»] &) E H _l’j 13 ¥ H H ﬂ E
CER N [N — e L 3
[ —_
c
i
1
. !
o
1

such as argument-building and belief revision [34]. Notecards is presently used T o
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malterial, and helps with the organization of the final product {84]. Prcliminary, A "] | 2 G2 olzio o) :
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separately and be based on words from the cards’ titles or the text on the cards; the
fileboxes, semantic categories where the cards are kept; and the hrowsers, which
arc graphic depictions of the three other elements and their relationships, designed
to guide the user’s scarch processes. We argued that these browsers would serve a
similar function as the exccutive control map in IDEA, allowing the students to
reflect on how they might conceptualize the knowledge relaled to their final
decision, Cognitive rescarchers have called such guides “expert system shells,”
that offer Jearners metacognitive experience through construction of their own

knowledge base [49, 86).
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Figure 4 offers images of the “Table of Contents,” a filebox, and a notecard as
they appear on the screen of the Notecards sysiems [rom the pilot study. A nolefile
first must be “opened” by sclecting from the “Nolefile Ops™ menu, Figure 4, with
a mousce. Then, the “Table of Contents” filebox from the “Show Box” menu was
opened. This listed all of the fileboxes, nolecards, and browsers in that notcfile,
making retricval of information possible in several places.

As Figures 4 and 5 show, scveral cards and fileboxes could be viewed on the
screen at any one time. Only a portion of each card and box was visible, however,
so that the student used the mouse to “scroll” the card up or down. Cards could be
moved about or removed from the screen by using the mouse to retricve mienus
from the upper black border of cach card or box. The student might have cieated

notecards or fileboxes to write out notes and organize information deemed impor-
tant upon viewing the two master files. These were saved for [uture reference in a
“To Be Filed” filebox contained in the “Show Box™ menu.

The creation and use of one’s own filing system from a larger, alicady
organized knowledge base would reflect a form ol metacognitive activity includ-
ing, for cxample, the learner anticipating what information should be remembered
for accomplishing the task goal: a type of “metamemory” ability |20, 23]. When
writing the text of the essay, nolecards were uscd and information from the
knowledge base could be directly transferred Lo the text by mouse commands. As
with word processors, text could be edited, deleted, or claborated on an ongoing
basis. These writing activitics are controlled by and contribule to the Icarner’s
metacognitive knowledge.

Restructuring the Educational Culture

We were concerned with developing instructional methods that would address
problem-solving and reasoning strategics within the chosen tasks by offering
metacognitive activitics, as well as methods that would facilitate the students’ use
of the technologics we had chosen. Collins, Brown, and Duguid propose viewing
learning as an “apprenticeship,” rooting the curriculum back into the real world
tasks [36]. An apprenticeship model highlights learning expert strategics for
handing compliex tasks, and by participating in the context of their use. Their
synthesis of cognitive rescarch of cducational practices is undergirded by a
“Vygotskian” framework of Icarning: the development of thought is understood as
internalization of social dialoguc.

Brown, Collins and Newman advocale several procedures related to this model,
including “modcling” the targeted skifls (while verbalizing onc’s thinking as the
task is being executed) with the students imitating these skills on a ditferent, but
parallcl task |37]. 1 nccessary, the skills are “scaffolded” (or the student. This
involves offering extensive help (such as repeating the modeling process), only
after allowing the students to take on as much of a task as they can on their own,
Control is gradually turned over to the students, a process called “fading,” the
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instructor then monitoring the students” performance. Finally, the students are
allowed to “solo™ [37]. Central to their model is the cvaluation of the students’
mastery of knowledge and strategics involved in a task (such as “replaying”™ their
previous performance, encouraging the learner to articulate the stralegics used,
[37]). These evaluative processes are intended o help facilitate the learner’s
melacognitive awarencess about the task.

Currently, there are other important initiatives to design similar instructional
approaches with the usc of instructional technologics [30, 87]. Thcir preliminary
work with clementary schobl-aged children in the language arts, social studics, and
mathemalics using computer- and videodisc-based programs suggest (o us that such
approaches can facilitate dramatic improvements in the learner’s acquisition and
use of knowledge bases and cognitive strategics in these subject arcas (27, 30, 87).

Apprenticeship techniques were used for all aspects of the instruction, including
learning to usc IDEA and Notecards. As each aspect of the two software programs
was presented, use of that aspect was modeled (while “thinking aloud™) using the
task of sclecting and writing about “the best President of the United States since
1960.” The students’ attempts to use the technologies were scaffolded and
monitored, and eventually replayed, evaluated, and discussed. When writing the
cssay, Toulmin’s [40] argumentation struclure was presented in apprenticeship
fashion. For cxample, students were encouraged to find problems with their
arguments by modeling a verbalized analysis of a portion of sample cssay text
involving a claim, data, and warrant [40, 41]. Mcthods for structuring arguments
were discussed and modeled for the student as well. Scparate notecards in the
Notecards system, cach with advice phrases relating to these argumentation fea-
tures, were presented to the students and modeled in their use while the students
wrole the Notecards-based essay. This “procedural facilitation™ [88], considered a
type of “scaffolding,” allows the student to review these advice cards in random
order and choosc to usc the advice or not on a particular card.

Table 1 js a detailed outline of the sequence of instruction and methods, as well
as the advice cards, used in the project. Each of the statements (reflecting the
aspecls of written argumentation as outlined by Toulmin [40] and Hillocks [46])
appeared on a scparate advice card that the student could choose to review at any
point during composition of the assigned cssay.

Project Dimensions for Empirical Study

The combined utilization of IDEA and Notecards in order to enhance the
learncr’s decision-making and reasoning slrategies has not been previously
rescarched, Ycet it holds promise for illuminating roles of new technologics in
cnhancing the development of critical reasoning, as in the casc of social studics
Iearning. Becausc this rescarch was without direct precedent, we considered it an
exploralory, descriptive study, We wanted to examine, using a multiple casc-study
approach, changes in the students’ written arguments before, during, and after
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Table 1. Instructional Method/Advice Cards

Flrst Week—Two Sesslons
1. Introduction to Notecards—Modeling Notecards
(Example Problem)
A. Opening files and cards
B. Searching links and organization
C. Cresting ona's own file
2. Categorization with Notecards—Modal Notecards Use/
Search Strategles
A. Modeling search stralegles (Example)
B. “"Scaffolding® the tasks indicated above

1. Reflection on Notecards/Search Strategy

2. Discussion of Declsion/Reason Separation and Searching

for Pros/Cons (Candidate Toplc)
3. "Soloing” Notecards Use (Candidate Topic)

Second Week—Two Sessions
1. Reflection on Notecards/Search/Organization Strategies
(Candidate Topic)
2, Soloing on Notefile Retrieval (Candidate Toplc)
3. Introduction to IDEA—Modeling IDEA Uss (Example)
A. Modeling Options/Criteria/Appraisal Modules
B. Modeling Map use
C. Modeling Herative use of IDEA
4. Options/Notecards Stralegy use of IDEA
A. Scaffolding Options/Notecards use
B. Fading Options/Notecards use
C. Soloing Optlons/Notecards use
1. Reflection on Options Creation/Notecards Use
2. Saloing on Notecards Retrieval (Candidates)
3. Constraints/Criteria/Appraisal Use (Example)
A. Modeling of Constraints/Criterie/Appraisal
B. Scaffolding of same
C. Fading/Soloing of same

Third Week—Two Sesslons
1. Reflaction on Conastraints/Criteria/Appraisal
2. Open Review Ratings Module (Candidates)
3. Discusslon of Reasons versus Evidence—Essay
4. Soloing on Review of IDEA/Notecards Use
1. Refloction of Review Process/Discussion of Argument
Structure
2. Writing Notecards-Based Essay (Example)
A. Modeling strategy for writing text
B. Modeling “advice card” use
3. Scaffolding Writing Essay (Candidates)
A. Scaffolding writing text
B, Scaffolding advice card use
4. Fading/Soloing Notecards-Based Essay

Fourth Week—Two Sessions
1. Roflection on Notecards-Based Essay
2. Soloing on Wrlting/Revising Notecards Essay

1. Soloing on Post-Instruction Essays

Advice Cards

“l need 1o glve more:
... reasons”
... evidence"
... bellefs”

“I need to give clearer:

...leasons’
... evidence"
... beliefs®
*I need to give more/
clearor:
... counters”
... rebuttals®
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their involvement in the project. This approach would allow for more detailed
examination of the technologics—which were not specifically developed for this
project—as well as the targeted strategies. We hoped to explore, for example,
what the potential relationships were between experience with the structural
aspects of the Notecards knowledge base and decision-making model within
IDEA and the structural aspects of the final written arguments. Conccivably, such
inquiry would provide important information about thc ways in which future
instructional tools specifically intended for support of problem-solving and
reasoning stratcgics might be designed.

Assuming that the project would demonstrate some [acilitation in the develop-
ment and transfer of cognitive strategics, we wanted to cxamine how changes in
the strategics used were related to the technologics and methods on the one hand,
and to metacognitive activity on the other. Our assumptions were as [ollows:
1) that if there were a similarity in content chosen and developed in the two
instructional technologics, this knowledge selection might represent the student’s
personal beliel system; 2) that, as the student acquired this knowledge, used in
both technologics, and became more aware of this belicf system, metacognitive
(or epistemic) knowledge would increase; 3) that this higher knowledge might, in
turn, determine the strategics used to accomplish the stated task goals (strategics
that could be inferred from evaluation of the student’s interaction with the instrue-
tional technologies); and 4) that comparative examination of the strategics used
with the technologics and the arguments developed in the essays might hielp us
undcerstand ongoing changes in the use of cognitive strategics and metacognitive
activity by the student,

METHOD

Pilot Study

Given the exploratory nalure of this investigation, we fell it crucial to run a pilot
study to asscss the student’s potential facility in using the instructional tech-
nologics, to further design the instructional activitics and their sequence, to pro-
vide training ol two judges for the project, and to asscss the reliability of the
scoring methods developed for the written essays, Three students, all high school
juniors, were involved in the pilot that ran for two months, with cach participant
attending twelve sessions over the time period. (Recruitment and sclection proce-
dures paralleled those described below.) At the end of each session, the student
was interviewed by us about their reactions to the activities that day. They were
also given bricf questionnaires about the various components of the IDEA and
Notecards systems.

Bascd on these {indings, certain modifications or additions were made in
IDEA’s programming, the Notecards knowledge base on the presidential can-
didates (sce Table 2), and the modeling verbalizations of the project instructor
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Table 2. Operative Organization of Notecards Knowledge Base

Fileboxes Notecards Links

Democrats CANDIDATES
Liberal Babbitt, Bruce
Moderate Bush, George
Conservative Dole, Robert

Dukakis, Michasel “"Opposes”
Republicans Dupont, Pete "Agrees with”
Liberal Gephardt, Richard "Views on”
Moderate Gore, Al
Conservative Haig, Alexander

Jackson, Jesse

Kemp, Jack

Robertson, Pat
Simon, Paul

Abortion ISSUES (Broken down into "Relates to”
AIDS education (“Pro,” “Con,” “Mixed,”
AIDS funding and “Background”)

AIDS testing
Balanced budget

Contra aid “Candidates PRO .. ."

Drug abuse “Candidates CON . . ."
Israel—U.S. support "Candidates MIXED . . ."
Japan—Trade

Missile defense shield (Based on campaign literature,
MX missile media information, and interest
Nuclear freeze group literature)

Persian Gulft—U.S.
School prayer
Social security increases
Strategic defense initiative
Tax increases
Toxic waste clean-up
POSITIONS (Broken down into

Agricultural funding “Pro,” “Con,” “Mixed,” and

Civil rights “Background”) “Includes”
Education funding

International trade “Candidates PRO .. ."

Labor “Candidates CON . . ."

Latin American involvement “Candidates MIXED . . ."

Military/National security

Private enterprise (Based on campaign literature,

Social Service funding media information, and interest

group literature)
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(available upon request from the authors). Table 2 represents the categorics and
structure of information available to the student about the candidates and social
issucs, bascd on media coverage, interest group literature, and campaign materials
from the six maonths prior to the pilot study.

The figures depicting the two instructional technologics are based on the
work of onc of the students in the pilot program. Students in the pilot
study were requested 1o write essays on presidential candidate and social
issuc sclection before, during, and after the pilot was completed, their
cssays scored by two judges (who-scrved during the formal project as well).
The judges were (wo postgraduate students in the social scicnces, part of the
overall rescarch team.

Selection of Research Participants

The participants in this study were adolescents entering their junior year in high
school. While younger students may be developmentally capable of the critical
reasoning involved [B9, 90}, high school social studies curricula more frequently
include Icarning about current events [61]. This project was thus in keeping with
topics the sclected students would be expecled to study. Students were recruited
from New York City high schools during the summer months through contacts
with tcachers and youth groups. Students were screened on the following bases:
cntrance into the junior year of high school the following September; reporting a
high intcrest in wriling; sclf-identification as “good™ writers; and availability
during the selected time of the project.

Twelve students, divided cqually by sex, were then selected, representing a
range ol social backgrounds (as research results on sex and socio-cconomic
differcnces within the domains of political reasoning, decision making, and com-
puter programming and litcracy show no uniform trends {91, 94]). They were paid
a nominal fee for their involvement. They and their parents were informed that
the intention of the study was to cxamine higher-order thinking and written
argumentation about social studics topics through the usc of ncw instructional
technologics.

Ten students (mcan age: 15,8) participated in the project until its comple-
tion. They were all prospective juniors in high school. Nine of the ten atiended
public high schools in the New York City area, onc attended parochial school.
They came from homes where parents’ vocations varied greatly, ranging from
commodilics broker to regisiered nurse to television techuician. There were
six girls and four boys participating in the study. Six students were Black; four
were Caucasian. All of the students reported having grades in the 85-95 range in
all subjects. All considered themselves to be “good writers” and  “fairly
knowledgeable™ about current events. Most of the students had no previous
expericnce with computers; two of them had cenrolled in a one-scmester course on
computer lileracy.
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Instruments

Student work from the pilot study indicated that students tended 1o use the
information sclected from Notecards as the options and criteria in IDEA and as the
content of the final cssays. Furthermore, they tended to use certain levels of
information from the Notecards environment for developing particular aspeets of
the decision-making and argumentation strategics used. We decided, then, to
focus on ways to measure the knowledge and strategics used within the instruc-
tional tcchnologics to cxamine the changes in the students’ thinking about the
tasks, both during and after the project’s conclusion. The measures described here
are those that relate most dircetly to the focus of (his article: problem-solving,
reasoning, and metacognitive strategics.

Measures of written argumentation — An essay on “Who you (the student)
would choose for President of the United States in 1988 and why others should
vote for that candidate™ served as the context for a number of the decision-making,
and reasoning measures obtained. Students were asked (o write the essay prior to
the fearning project with pencil and paper and, again, at the end of the project on
the Nolecards system. Measures to be obtained from these essays were drawn
from the rescarch of Hillocks [46], who has developed a rating system for analyz-
ing the structure of writien arguments, Bascd on Toulmin’s [40] model of argu-
ment, Hillocks [46] breaks down arguments in the following structure: proposi-
tion (the major claim of the essay, constraining the essay to come); claim (lhe
reason for the proposition); data (evidence to buttress the claim); warrant (a value
attached to the claim, often implicd, that explains the relationship of claim
and data); qualification (cxceptions to the proposition or claim); opposition/
counterargument; and rebuttal (of the opposition).

Each aspectis scored from 0-2 (2 being high), depending on the clarity, support, and
claboration of that aspect of the argument. A bonus of two points is given when a
claim, data related (o the claim, and the warrant explaining the relalionship cach
receive a2.” Repeating of arguments is not scored. An interpretation of the Hillocks
[46] systeny as used in this study is available upon request from the authors,

‘The description of the scoring method is suggestive of a structural analysis of
the argument as well as judgement of the category type and quality of each
statement made. Hillocks proposces that a positive corrclation cxists between use
of more claborated statements in developing arguments and a more “hicrarchical,
nested” structure to the argument itself [46). Less claborated arguments are
frequently more “lincar” or “chain-like™ in structure. The structure of these written
arguments were diagrammed 1o assess Hillocks’ [46] views and to trace structural
changes resulting from the instruction received during the project,

Transfer/maintenance essay measures — Mcasures to assess transler of
strategic knowledge used with the target task were obtained from handwritten
essays by the students, without the availability of the instructional technologics or
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methods. These included two essays on the “most important social issuc™~belore
and immediately after their formal learning sessions had occurred, and two “can-
didate” essays—-immediately after the sessions’ conclusion and exactly two
months later. Students were given the same instructions and constraints with these
essays as before, as well as the same scoring system and measures used Lo assess
argumentation.

Mecasures of information source and type — The other two measures oblained
from these essays involved judges’ use of an “information source matrix” of:
1) the pereentage of the essay based on Notecards versus non-Notecards informa-
tion, and 2) position/issuc versus candidate-based information. Each aspect of the
essay that had been previously scored under the Hillocks [46]) system for writien
arguments was scored in these terms., For example, in the first case, the number of
statements in cach essay involving information in/not in the Notecards system was
established, The matrix was also used for obtaining percentages on the eriteria
developed in IDEA. This system was used during the pilot study; interrater
retiability was 04,

Process measures of strategy use — We were interesied in examining the
cognitive strategics used in interaction with the two technologics, particularly if
there were similaritics in how the student decided upon and wrote about the
candidale of choice. A central feature of the IDEA program is “abstract replay”
files that record not keystrokes, but the number and type ol interactions with
IDEA operations in their sequence [76]. Instructional and experimental sessions
could be replayed and watched as well as analyzed for distinctive use patterns. We
were unable to obtain replay files of the type, number, and scquence of inter-
actions with the Notecards operations, We therefore created data sheets to record
the Notecards interactions by hand.

Out of several process measures obtained, four seemed most important in
cstablishing that students viewed the two technologics as supportive of using
similar information with cach: top-ranked candidate in IDEA, after completion of
the final module; the candidate wrilten about in Notccards; the total number of
criteria rated above “75” in importance in IDEA; and the number of claims made
in the Notecards-based essay. The first two measures were determined by a
coding system, converting choices into ordinal data, developed prior to the pilot
study (sce Table 3). The coding system was derived from the work of Hausmann
[95]) on the spectrums of “political ideology” and “party affiliation.” We decided
to tally counts of crileria above “75” because of “response clustering”™ that
will occur at both ends of subjective rating scales [77). We argucd, as have others,
thal clustering from 75-100 would represent a meaningful similarity in these
criteria [97].

Meusures of metacognitive activity — Based on recent rescarch {indings aboul
the development of metacognition [18, 22], we developed a “metacognitive
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Table 3. Candidate Codes of Political Ideology [95]

CANDIDATE CODE
Babbitt, Bruce 1.2
Bush, George 2.2
Dole, Robert 2.2
Dukakis, Michael 1.2
Dupont, Pete 2.3
Gephardt, Richard 1.2
Gore, Al 1.2
Haig, Alexander 23
Jackson, Jesse 1.1
Kemp, Jack 2.3
Robertson, Pat 2.3
Simon, Paul 1.1
POLITICAL PARTY IDEOLOGY
Democrats = 1 Liberals = .1
Republicans = 2 Moderates = .2

Conservatives = .3

index” derived from process data available on the IDEA and Nolecards sysiems.
Of the several process measures we recorded, the following were used as indi-
cators of metacognitive activity used in the index:

* creation ol onc’s own notccards in the Notecards system (reflecting a plan-
ning strategy for subscquent writing and/or awareness of one’s memory
limitations)

¢ creation of one’s own browscrs in the Nolecards system (also a planning
strategy for subscquent writing)

* usc of the Notecards knowledge basc during intcraction with IDEA (awarc-
ness of access to information available on Notecards, provided options or
crileria arc based on Notecards information)

¢ usc of work donc on IDEA during wriling of the Notecards essay (awarcness
ol access to decisions made in IDEA as the basis for arguments developed in
the Notecards cssay, provided the IDEA information is written about in the
Notccards cssay)

* revicw of previous work in IDEA, prior to stated completion of the (inal
IDEA module (awareness of review stralegics as cffeclive in problem
solving)
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® usc of the exccutive map in IDEA, prior to stated completion of the final
IDEA module (awarcncss of planning and review strategics as elfective in
problem solving)

Each of these categorics received a “17” by the two judges if the student’s process
files indicated use of that category; a “0,” if not. By counling frequencics, the
student could score a “0-6” on this index, a higher score reflecting greater indica-
tion of explicit metacognitive activity during the project.

Procedures

During the week prior to instruction, the students were asked to come to the
rescarch lab, bricily told about the scope of the study, and asked to write the
preinstructional cssays on who they would choose for President and what is the
most important social issue facing Americans. They were to give their reasoning
for their choices in these essays. They were requested to make the audience for
these essay an “intelligent immigrant to the U.S. who is naive about American
politics and social issucs” in an effort to develop and consistently maintain an
audicnce as part of the writing process [ 74, 75]. For the preinsiructional candidate
essay, the students were told that “having information about who is a formal
candidate, the current issucs being discussed, and factual data is helpful, but not
nceessary, as gaining knowledge in these arcas is part of the reason for the
project.” They were also told to choosc the candidate they would vote for without
regard for who they belicve could be realistically clected.

They were given no time limil to compose these first essays (nor were there
time limits on later essays they wrote). These cssays were collected and scored
by the judges the same day, and the project instructor discusscd their performance
on the cssay with them the first day of formal instruction. As previously indicated,
the methods uscd during the project arc outlined in Table 1, a timeline of the
sequence of tasks. The students were asked to attend 2 two-hour sessions per week
for four weeks. All sessions were individual and one-to-one. The specific informa-
tion given verbally around cach task was made available in print within the
Notecards system for reference during cach instructional session. After cach
session, process data (based on the measures described above) was collected by
the judges. The instructor would discuss the inferences he made about the
student’s performance with the student during the following session, based on this
process data.

The students were then asked to handwrite cssays on their candidate choice and
issue setection—with, again, the intelligent “immigranC” naive about American
politics as the audicnce—on the last scheduled day of contact. These essays were
collected and scored by the judges the same day they were writien. The students
were then contacied two months after the last instructional day and requested to
rewrite the essay on candidate sclection; they were then collected and scored.
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Diagramming of the cssays was undertaken by us alter all of these other proce-
dures had occurred but prior 1o our analysis of the data.

Data Analysis

Scoring of the cssay-based measures using the interpretation of Hillocks’ [46]
system (previously described) was undertaken by (wo judges. The essays were
scored in random order independently by each judge. The judges were blind to the
cssay type and identity of the student during the scoring procedure. The judges did
not confer on these scores until all essays had been reviewed. Each judge was
also responsible for scoring cach essay using the “information source matrix”
and “mctacognitive index” previously described. In case of disagreement, the
judges conferred until a consensus score was rcached. Out of over 3500 stale-
ments receiving argumentation scores on the students’ essays, discussions were
necessary on 538 statements (£15.47%) in order to reach a consensus score. No
discussion was necessary about the scoring of information type or [requency of
metacognitive activity, as there was complete consensus between the two judges.

Frequency of scores by category on the wrillen essays were labulated. These
scores were treated as ordinal data in the analysces, since the distance between any
two ranked values, e.g., between a frequency of “1” and “27 on “claims,” was not
known and there was no “0” score awarded for cach reasoning calegory [96-99].
These data were considered “corrclated” [97] and nonindependent [96] in that
subjects were administered the same instruments over time with scores statistic-
ally compared. The recommended test for these argumentation score comparisons
was the Wilcoxon Maltched-Pairs Signed Ranks Test [98, 99]. Results were
compared against critical values for one-tailed tests as we wanted to assess if there
were significant increases in scores.

Other data were trcated as ordinal, as well-—codings for candidate choice,
number of “75+” criteria and claims, frequency of argumentation scores and
criteria that were Notecards-bascd and issucs/positions-bascd—as the normality
of their population distributions could not be assumed [98, 99]. The cognitive (and
melacognitive) cffort necessary to review or develop cach additional feature of
IDEA and Notecards could not be assumed to be the same, further warranting use
of an ordinal scale in the choice of statistical test. Sicgel [98] and Lynch and
Huntsberger [99] recommend Spearman’s Rho Correlation Coclficient for test-
ing such data. Obtained Rho values were assessed as one-tailed tests as we
were interested in positive correlations between the data described in the
previous sechion,

Qualitative analyscs were based on a series of comparisons of summary or
process data between or within particular activitics during the instructional
mcthod. Type, number, and scquence of interactions during cach phase of
Notecards and IDEA use were compared to every other phase and to the obtained
scores and diagrammed structure of the wrilten essays. Particular themes nolted in
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the related literature on decision-making and rcasoning strategics and written
argumentation guided analysis of these findings. It was conceivable to us that
these comparisons would prompt further statistical comparisons of the data to
corroborate a tiend discovered by this systematic examination of compuler inter-
actions and written argumentation.

RESULTS

Distinctions in Argumentation Scores

Our descriptive analysis of frequency data of argumentation in the essays
suggested (hat there might be a conceptual (and psychological) distinction
between scores of “2” and “1” under cach category. Specifically, we noted
increases in “2°s™ (explicit and elaborated elements) as a result of the project and
some decrcase in the frequency of “17s” (explicit bul unclaborated clements). In
order to determine whether statistical separation of total frequency of argumenta-
tion aspects and [requency of claborated aspects of argument was warranied,
corrclations between total and claborated frequencics of argumentation aspects
were obtained. Using Spearman’s Rho Correlation Cocfficient for ordinal dala
[98, 99] and cstablishing p < .05 (two-tailed) as the signilicance level, overall
frequencices ol each aspect of argument and frequency of “27 scores of cach aspect
for all written essays were compared. None of these correlations reached levels of
significance. That is, overall and claborated frequencies of cach aspect by cssay
type were not correlated. These categories, overall frequencics and claborated
frequencies of argumentation aspects, were therefore treated separately in the
subscquent analyscs.

Changes in the "Breadth” of Argumentation

In order (o assess improvement of reasoning strategics on candidate sclection
and transfer and maintenance of this knowledge on subscquent essays, com-
parisons were made among {requencies of the total and claborated aspects of
argument in the various cssays using the Wilcoxon Matched Pairs Signed Rank
Test at a p < .05 significance level [98, 99]. Table 4 depicts the results of these
comparisons for total frequencics of argumentation aspects for all essays. Each
column of the table represents comparisons between two essays of the total
(claborated and unclaborated) frequency of scores. Each row depicts an aspect of
argumentation. The values represent the total frequencics for all students—the
carlier essay, to the Ieft of the ratio sign; the later cssay, to the right. Levels of
significance are given at the bottom of the tables. An assumption of this statistical
method is that N must be cqual to or greater than 5 for resulls to be meaningful
[99]. Several of the comparisons—Ilabelled with a “™ on the table 10 indicate
“insulticient data™ — involved too small of an N (o be analyzced.
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& ”g ?\_‘ 'gg mg % ?g % Signilicant incrcascs were found in the total frequency of data claims, warrants,
I°w counler claims, and claims and data rebutling arguments {rom the preinstructional
candidate to the Notecards-based essay. The total frequency of data claims,
warrants, qualifications, contrasting arguments, and rebuttals to these views
o v o increased in both the postinstructional and maintenance essays from the
g ?\-‘ 8k p g = 2 preinstructional cssay. No significant changes were found in total argumentation
eR-°FacC frequency between the Notecards-based and postinstructional candidate cssays,
and between the Nofecards-based and maintenance essays, supporting our
hypothesis that argumentation strategies would be transferred and maintained on
these essays. Increases in the number of data claims from the Notecards-basced 1o
g % & 'S "33 8 8 "’9 !hc posl.inslruclinn.al candidatc cssay, and the number of warran.ls f'nu)m the post-
geK~-S9A = instructional candidale to the maintenance cssay approached significance, suy-
gesting some development of evidence andjor articulation of values in the
students’ written arguments after the project’s conclusion.
We also hypothesized that strategic knowledge developed by the project would
transfer (0 a writlen cssay on a similar topic—issue selection. Increases in the
@ N Q Th rgtj (3; b frequency of claims and warrants were significant from the preinstructional o
S FESSBSO postinstructional cssays on issue sclection, indicating some transfer of the
decision-making/argumentation strategics used for the Notecards-based essay. No
other significant increases were found, however, failing to Iend further support to
our hypothesis that this knowlcdge could transfer to a similar topic and context.
* - o N 5
AR . |
- Changes in the “Depth” of Argumentation
‘The previous results reflect what might be called the overall “breadth” of
argumentation, as represented by total (elaborated and unelaborated) frequency of
:oo % :cu, v "Zﬁ ‘?:_7 ":,: cach aspect of argument. Elaborated responses were defined as clear, specilic,
TSI H 3O circumscribed statements with explicit references (“AIDS is a major social prob-
T lem for all Amcricans”); unclaborated responscs werc more general, vague
responses with no particular referent (“AIDS is a major problem™). The “depth,”
- or claboration, of these arguments was cxamined as well. Table 5 represents (he
£ o S E o é ‘ results of (hese analyses. Each column of the table depicts comparison ol two
SIF588W fg“ . : cssays; rows represent claborated aspects of argumentation, Comparisons of
. ® L.f e % % % T B 3 I claboraled responses are given in the same format as on Table 4, Significance
FE2 L EEE|3T ! levels are given at the bottom of the table.
E®85553228|¢2> 4 . . . .
(;U 38338¢g¢eg &% 1 It was expected that there would be significant increases in frequency of
- 0 'é claborated aspects of argument from the pretreatment candidate to the Notecards-
- S vE bascd essay. Significant increcases were found in the claim, data claim, warant,
3 § ?é and counlter c¢laim, rcbutlal data, and rebuttal warrant frequencics of claborated
§" 5 s’ . " scores from the preinstructional to Notecards-based essay on candidate sclection,

further supporting our hypothesis that the project would produce improvements in

146 written argumentation knowledge. These noted increases in claboration of claims,
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mg w% P ?8“ mg '?g % % cvidencee, backing, and opposing and rebutling statlements parallcled the increases
° found in total frequencics of argumentation.

Signilicant increases were found in elaborated data claims, warrants, qualili-
cations, counicr claims, and rebuttal claims from the preinstructional (0 post-
- T © m% instructional cssay. Sign'iﬁcanl increases were found in (hc.ﬁ'cqucm"v of
§ TSR0 0 - = claborated claims, data claims, warrants, qualifications, counter claims, and rebut-
. T tal claims, data, and warrants from preinstructional to maintenance cssay. As with
comparisons ol overall frequencies between the candidate essay written before the
project and the candidate essay written two months after its conclusion,
there was development of more claborated statements in almost all aspects of
8 © “’g =] E ~ T argumentation. ‘ . ~
@YINT 0 ~ We expected that strategics representative of more claborated argumentation
| would transfer and be maintained on later essays. No significant changes were
j found from the Notecards-based to the postinstructional cssay in the frequency
i of claborated scores, nor from the Notecards-based to the maintenance cssay,
. x supporting hypotheses addressing transfer and maintcnance of argumcentation
&~ E E“’Q i 2 @D 8 ; knowledge. This parallels the previous findings of tolal frequencics of argumenta-
wroeeoe.e tion: strategics were transferred and maintained for two months on essays of
candidaltc selection.
We also cxpected that elaborated aspects of argument would signilicantly
increase wilh an cssay on a similar topic. No significant increases were found
:o) 0 CLL T * in claborated scoring frequencics from the preinstructional to poslinslruclri(mnl_
F-S000a3d cssays on issuc sclection, again failing to support the hypothesis that transfer of
; stralegic knowledge would be evident on a similar topic.
|
Changes in Notecards-Based Information in Essays
"gfui émt ) g s ~ Wec were concerned that the transfer and maintenance of the stralegic
-3 30000 knowledge to subscquent candidate essays mercly reflected the student’s learning
of the information in the Nolccards knowledge base, independent of its organiza-
tion and other instructional supports. A descriptive comparison of the rclative
& e amount ol Noltccards-based information among the preinstructional, Notecards,
E g 8Ewl transfer and maintenance cssays is depicted in Figure 6. These percentages are
é [)@ g g 8 g g ?g bascd on total frcquency of claborated and unclaborated scores for cach aspect of
E § 555 Tgu 5 g E;‘f argument. ']'()lnl}pcrccnlng(':s of Nolccards based information in lh.c students’
% § € Eg 3 é 3 QC,£ I‘\J()lu"lr.ds, lmf]s[%r,‘nn‘d ‘nmmlcnancc 'c§5d?'s were tabulated. Figure 6 is a graphic
23338t oz comparison of these percentages for cach student. Students are represented on the
= 88 horizontal axis; pereentage of Nolecards-based information on the vertical axis.
. g ;13: As .wnuld l?c cxpected, the pcrccptagc of Notecards-based information usced in the
L 3 = preinstructional ¢ssay was considerably lower than that used in the Notecards-
<5 g " based essay. Bul the percentage of Nolecards-based information tended 1o

decrease from the Nolecards based essay to the postinstructional and maintenance

148 essays, suppotting the notion that exposure o the Notecards knowledge base was
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Figure 6. Percentage of Notecards-based information by student in
Precandidate, Notecards, Post Candidate and Maintenance Essays.
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insufficicnt to explain the transfer and maintenance of argumentation strategics on
the topic of candidate sclection. Mean decreases in percentages (N = 10) were
13.0 pereent between the Notecards and postinstructional candidate essays; 20.8
percent between the Notecards and mainlenance essays.

Comparisons of Information Used in Notecards and IDEA

We fclt that comparisons of candidales, crileria/claims, and Notecards-based
information used in criteria/claims might offer indicators of the relative impact of
the two instructional technologics on the content and “structurce™ of the Notecards-
based cssay. Spearman’s Rho Correlation Cocfficicnt [98, 99] was chosen as the
appropriale statistical test for these comparisons. A significance level of p < .05
(one-tailed) was cstablished. Table 6 is a summary of these statistical com-
parisons. Aspects of the Notecards-based cssay are represented by the columns in
Table 6; summary data from the IDEA and Notecards programs are listed in the
rows. Significant corrclations were found between the coded top-ranked candidate
in IDEA and the candidate written about in Notecards (Rho = .99); the amount ot
Notecards-based knowledge in IDEA-bascd crileria and total claims on the cssay
(Rho = .89); and hetween the number of criteria rated above 75 in IDEA and the
total number of claims in the Nolecards-based essay (Rho = .68).

Comparison of Cognitive Strategy Use and
Metacognitive Activity

We also wanted to examine whether the largely theoretical relationship between
cognitive and metacognitive stralegy development could be empirically substan-
tiated. To do this, we correlated “metacognitive index” scores with total and
claborated Trequencics of argumentation on the Notecards-based cssay. As before,
we chose Spearman’s Rho Correlation Cocflicicat [98, 99] as the appropriate
statistical test, using the same one-tailed significance level. Table 6 also olfers
these stalistical comparisons. Significant correlations were found, both between
the index and total [requency of argumentation (Rho = .68) and the index and the
claborated frequency ol argumentation (Rho = .78).

Qualitative Findings

Systemalic comparison of the type, number and sequence of interactions with
Notecards and IDEA, essay argumentation scores and their diagrammed structures
was undertaken. Several major trends can be noted. Student responsces, throughout
the study, tended to paralicl the organization of the lask environment (in
Notecards and IDEA) and/or instructions reated to a particular task. For example,
most students reviewed inlormation from the Notecards knowledge base on order
of its appearance- -from top to bottom—in the Table of Contents (see Figure 4)
when first introduced to the software.
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However, after several strategics that could be used to scarch the information
were discussed in the following session, the order of review became more varicd
and diverged from the organization of the knowledge base. Most students fol-
lowed the module order of IDEA without revising previous work. The order of
review of Notecards information during work with IDEA parallcled the order of
information requested in IDEA, Within those organizational constraints, students
appcarcd to discriminate as to which information they considcred. For example,
cven though Notcecards-based information with a heading beginning with the letter
“a" would be reviewed before information beginning with a “d,” not all informa-
tion beginning with “a” was reviewed by the student, Most frequently, infor-
mation reviewed in Notecards would be entered in IDEA, suggesting thal
information chosen for review in Notecards reflected the student’s familiarity with
and/or value placed on that information.

Sccondly, students varied widely in their demonstration of mctacognitive
activity during the project. Information about other levels of organization of the
Notccards and IDEA programs—beyond what was offcred prominently on the
screen-—was frequently not reviewed. Browsers in Notecards that depicied con-
ceptual links between different issues or candidates were usually neglected.
Whereas the argumentation structure in the sludents’ essays involved finkages
between the candidate and their views on issucs, the links created in the Notecards
knowlcdge base also emphasized the connections amongst the various issucs
(such as “military” being related to “SDI” and “nuclcar freeze™). Only (wo
students opencd browsers on these issue-to-issue links. Contextual information
(the background and history of the social issucs) in Noftecards, similarly, was
rarcly read. We had anticipated that this information might serve as a source for
warrants in written arguments. However, most students relicd on personal inlor-
mation or experience 1o offer a warrant (o an argument rather than the history
offcred on cach issue.

Reference (o the exccutive map or reviewing work in previous modules of
IDEA, even when verbalizing the need o revise that work, was somewhat limited.
Three students went back to revise, in two cases to alter ratings afler disagrecing
with the lop-ranked candidate in the final module. Although some students wrote
out their own notes on the information they covered in the Notecards system,
students varied in reviewing their notes when deciding upon a candidate in IDEA
or wriling about the candidale in the Notecards system.

Thirdly, although candidates and crileria considercd in the two soflware
programs were those written about by the students in the subsequent essavs,
similarly in the strategics for deciding about and structuring the paper around this

information wcre not clear beyond this “top level” of organization. For example,
the order of presentation of information in the essays did not follow the order of
review or the ascribed relative value of the information prior to writing the essay.

In other aspects of the project, however, the differences between students’
activitics were more striking than the similaritics. Two general profiles emerged
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as we revicwed the data: thosc students that tended to explore more structural
aspects of IDEA and Notecards (the browsers, cxecutive map) also tended to
review and revise their work more and wrile cssays with a more claboraled,
“nested” organization—both before and after the project; and those students who
interacted less with the two technologies, rarcly reviewed or revised work, and
wrotc essays of a more general, “linear” argumentation structure. The first group
of students used more of the information available within Notecards for the
Notecards-based, postireatment candidate, and issues essays, yet tended not to use
the advice cards when composing their work. This group also tended to write more
counterarguments and rebuttals alter the project’s conclusion, as well as produc-
ing poslircatment issuc essays that were markedly more detailed than those they
wrote before instruction began. The scecond group used less information from
Notecards for the Notecards-based essay and, when they did, they tended to use
the literal textin their writing, They referred to advice cards more frequently than
the other group, going through the entire set at Icast once,

We cannot characterize the two groups as distinct on all aspects described, bul
these profiles deseribe nine of the ten students who completed the study. None of
the information known about these students at the beginning of the project
(reporied achievement in social studies or English, expericnce with computers,
gender, cultural background) allows for delineation of these same two groups.

DISCUSSION

Results of this study support our prediction that the two computer technologics
and the related instructional method would facilitate the development of written
argumentation about selection of a political candidate, particularly in the genera-
tion and claboration of evidence, counterarguments, and values as they relate to
decision making and rcasoning about social issucs. These particular slrategics
were maintained, and perhaps further developed, months after access to the
knowledge base had ended. The posilive effects of these new technologics on
problem solving and reasoning is significant, particularly in the context of recent
rescarch suggesting minimal facilitation of (hese strategics with other, more
familiar programs such as LOGO [ 100, 101]. Equally important is the linding that
these strategics were maintained well after the project had ended. Although this
might be understood as the result of maturational processes deemed responsible
for strategy improvement [89] or for transfer of this knowledge to other problems
(20, 90], ncither possibility precludes our belief that the project facilitated later,
cqually effective use of these same strategics. And the essays’ conlents suggest
that the students continued (o read, Tisten, and think about their candidate choice
after the project’s end.

Exposure (o the information scparate {rom the technological and instructional
supports, it might be argued, contributes more to explaining the development of
wrilten reasoning found than the supports themselves [102, 103). In a general
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sense, this addresses the relative influence of “declarative” knowlcdgc.on the
development of the solution. For example, large increases from the p.rcxxwf\r}xg-
tional to the Notccards-based essay were found in stalements rcﬂoclmg miu.r-
mation available on the Notccards system. The significant increases found in
several aspects of argumentation between these two scls of essays cmxld. be the
result of reading the knowledge base—regardless of the technologics or instruc-
tional method. ‘ ‘ ‘

However, the pereentage of Notecards-based information declined .(m’ .sn‘l\-
sequent essays while the claboralion of wril‘l‘cn argu'mctlls wis [Tmu?(ti‘mul,
Furthcrmore, the frequency of higher scores on “data claims (cvxdcqcc h‘m.d on
information) significantly increased from the Nolccfﬂrds 1o the postinstructional
essay even though the students did not have conlinumg aceess 1o 'lllc knowledpe
basc. This suggests to us that strategics acquired during the project developed
somewhal independently of the domain-specific knowledge.

The choice to use Hillock's {46] scoring method as an outcome measure for the
study—nbascd on Toulmin’s [40] modcl and the conceptual overlap Qf the :1s.pcclts
of argumentation in his scoring method with critical con'lpm-\cm.s ol reasoning in
other rescarch |11, 102, 104}—proved valuable for highlighting a fhslmclmn
between an argumentation structure and the definition and claboration of the
structure’s components. The structure of the cssays of most students \.\']m hc!_l””
using more claborated arguments and counterarguments by the c',‘ff‘”.r 1115tf'11'c‘l‘|‘u[3
changed from a “lincar,” “summary” structure (o a more “nested,” “hicrare ]‘HL.IIA.'
“analytic” onc [16, 75}. One student’s Nolccards-pascd (’tssay was structured a'.s:x
“dialogue” between the writer and the chosen candidaic; m.latcr cssays, the w.nu‘r
“orchestrated” a dialoguce between several candidates. This would scem to indi-
cate advanced cognitive development, coordinating alternative aspcc.ls’ oo
problem (89, 105} requiring, we believe, the development of planning and
metacognitive capacities [74, 106). . N

The Jarger rescarch issucs addressed were the potential .for lm.nslcr of strategic
knowledge to a topic we viewed as similar, and the rclanon_s]np bct\_vAccn meta-
cognition and strategy use. The results indicated, to our surprisc, a relative lack ol
transfer of argumentation to the “issuc” essays. Transfer that did appear o oceu!
was of a “narrow™ type: from the Notecards environment to the handwritien essay
on candidate selection and the general “breadth™ of arguments made about thc
most important issuc. We made every cffort to avoid failing to enhance Imn‘s}cr
with the establishment of tasks and teaching methods proposed by the cognitive
rescarch on transfer and maintenance of strategic knowledge [12, 25, 107]. How-
ever, cerain critical elements in the instructional methods might have been ub.«;u'u

(or fransfer to oceur. For example, although the strategic knowledge invelved in
thesc tasks was explicilly discussed and modeled with students in this project, iAI is
possible that lack of “conditional” knowledge, when and w'hy'lo apply sirategies,
prevented the students from seeing the transfer task as similar [108]. .Hn.d the
rescarcher explicitly discussed the clements of structural and procedural similanty
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between the candidate and issuc sclection tasks, the positive transfer to the issuc
task mighthave been more significant {20, 49].

Rather than a design failure, however, we propose that this demonstrates a
[ailure to support the “common clements” models in recent transfer rescarch [10,
12, 49, 51-53]. The distance between the two tasks—perhaps best determined by
knowledge and strategy clements they had in common—was relatively small,
Theoretically, the sclection and writing about a candidate and issuc have sceveral
common strategic clements including scanning of information about options,
weighing these options, and development of reasons for the final selection. In
addition, the transfer task potentially involved (he samc knowledge base and
organization as the candidate sclection task, following these models, which should
have Tacilitated vse of similar argumentation stralegics. That this did not occur
may have had more to do with another category of tasks clements—the repre-
sentational [49].

Learners may represent problems quite differently, suggesting that represen-
tations may be greatly influenced by assumptions made about the tasks themselves
{25, 109, 110]. Reasoning about a candidate, explicitly involving one’s personal
opinion, might be different from reasoning about a social issuc, involving assess-
ment of social opinion. How onc’s belief system is brought to bear on cach
topic—the perspective—might therefore be different [102]. As discussed in the
instructional methods, students were instructed to decide upon a candidate based
on their own choice——versus who could be clected—because all three students in
the pilot study explicitly asked for this to be clarificd. In addition, studenlts tended
to usc their general belicfs about other people’s concerns to buttress their selection
ol an issuc-—resulting in more claims and warrants than data or evidence in these
essays—versus using information represented in Notecards knowledge base to
which they would personally react, as in the candidale essays. Both treads indicale
to us that cognitive models of transfer need to consider the belicf system or the
perspective of the learner in relation to the task—something that common ele-
ments approaches, for example, fail to do [47]. Future research on perspective-
taking in relation to stralegy development and transfer—a central aspect of
Vygoisky's [33] theory of cognition—scems a very important arca to us, par-
ticularly in social studics topics.

Failure to represent tasks in similar ways may also be the result of individual
differences in cognitive development [49]. Mctacognitive awarcness may be
central 1o how the problem is represented, and the knowledge and strategics that
are sclected 73, 106]. The significant correlations between our mctacognitive
index and argumentation scores on the ¢ssays support that there is such a relation-
ship: the students who engaged in metacognitive activitics during the project
tended to have broader and more claborated arguments.

Duc to the Timited capacitics of attention in relation 1o a relatively large volume
of information in the computer program cnvironments themscelves, use of (his
“higher-order” information as support in conceptualizing a solution was difficult.

INSTRUCTIONAL TECHNOLOGIES AND EDUCATIONAL CULTURE / 157

Pcople may use a “simplificd problem space,” ignoring somc.inl'ormalion, 1o solve
a problem. Some rescarchers have emphasized the constraints tasks may pl;ncc
on decision making, including the problem “size” and (he number of zlv.:l.ll;xDIC
alternative solutions [49, 90, 111]. Over 400 notecards and filcboxces (.\l infor-
mation made up the Notecards knowledge base; cach module in IDEA involved
scveral aclivilies simullancously presented on the screen. Large prohlc.ms
with many solutions or steps toward a solution make .[.)mccssin'g inforn}mlmn
for planning, deciding, and evaluating all the more di“lCllll-. It is cnncc!v'nhls
that if a student had had extended practice with the technologies, “aulom:mmng
more of the basic skills, more metacognitive activity could have occurred \‘.'.nh
correspondingly greater facility in using the problem-solving and reasoning
strategics [49]. ‘

We hoped to find statistical support for the ways we viewed these (CCIH]UIUEIC:‘I]
cnvironments (o be similar. If certain elements were similar, we I'CZISOH(‘(L ”]I..’\‘
would offer more systematic “practice” for students in the cxnminul'inp of their
beliefs and Ieading to a particular argumentation structure. The :ﬁlﬂllsllf:l] com-
parisons bascd on these observed similaritics, addressing correlations of I;ngclgl
activities’ [requencies, were supported, particularly in the nmrc'gcncml‘ Organiz-
ing aspects of the IDEA cnvironment and the argumentation in the Notecards-
based cssay. “Options” in IDEA became “propositions” in the cssay: the fre-
quency of top-ranked “criteria” and overall “criteria” in IpEA mutch‘gd the
frequency of “claims™ in the essay. More frequently reviewed fllc.box'cs of “issues/
positions” in Notecards usually become “criteria” in IDEA an»d, _wn.hloul exeep-
tion, the “criteria” in IDEA were later used as “claims.” These similaritics suggest
to us systematic “practice” or problem-solving and rcasoning slrz‘nlcgicx while
interacting with both technologics which, we would argue, contributed to the
significant increases in breadth and depth of written arguments.

There were qualitative indications that activitics in the two soltware pro-
grams and instructional method directly supported the SludCl)lS‘ use ol mure
expert decision-making and reasoning strategies as discussed in the theoretical
and rescarch literature. Students’ interaction with the software programs were
behaviorally similar to the problem-solving or reasoning strategics presented by
the rescarcher of computer screen during a particular phase of the project. When
advised to “broaden” the scarch of Notecards information to model afler expert
strategics in decision making and reasoning (the sccond session of instruc.tinn),
students tended to review a greater varicty of filcboxes of information than in the
first session (where information was reviewed in order of appearance similar to
text reading) even though interaction frequency was roughly cquivalentin the two
sessions. Students tended Lo revise or add to their wriling of the Notecards essay
alter reviewing the advice cards. =

Particularly striking is the tendency of students to scarch the N(,)KCCfur(Is hlcln an
order supported by the decision-making activities in IDEA: initial “divergent IIH(V!
bricl review of information while gencrating options and criferia; “convergent
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and in-depth review of information when evaluating criteria for each option;
and focusscd review of information on the chosen option prior (0 writing the
paper on that option. Guilford [112], in discussing the cognilive operations in
problem solving, proposes that the use of divergent and convergent production
followed by cvaluation of the problem solution are predominant phases in the
decision-making process.

It has been assumed in past rescarch with such programs as LOGO that tech-
nological supports were sufficient to develop cognitive and mectacognitive
strategics. Howcever, results of many studies have largely refuted this premise
[113, 114]. In order for the melacognitive activily idenlificd with problem solving
and reasoning to develop, for example, avaitable “hicrarchical” supports might be
explicitly modeled and/or integrated into a procedural facilitation method similar
lo the one used here. We would propose, for example, that diagramming of the
students” cssays and (somewhat like a (ext analysis strategy [115]) contrasting
these with structural diagrams of the Notecards knowledge base, the IDEA
environment, and various models of argumentation might facilitate the develop-
ment of metacognitive knowledge. This would be part of the process of “relice-
tion™ and “articulation” advocated by, for example, Collins and Brown and their
associates [31, 36, 37]. There is a potential tradeolf in this approach, as students
required to use these hicrarchical structures would be more constrained in the
formulation of their arguments. Ycet as a systematic process for reviewing one's
personal belicls and the subsequent way a task is represented, it might prove
invaluable as an instructional method.
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