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ABSTRACT

Human-computer enaction is explored by asking: 1) how can human-computer interactions
be interpreted from an enactive perspective? and 2) what are the methodological and
instructional implications of an enactive stance? Descriptions are drawn from a series of
studies from a research program involving two contexts. The AP context was created by
students in interactions with an icon-based programming language called Authorware
Professional (AP). The Chaos-theory context was created by students interacting with
mathematics software for learning about chaos theory. Five chapters describe a series of
studies in the two contexts. Chapter 2 describes the problems of conceptualizing and
understanding icon-based programming through an interview-based account of university
students use of AP. Chapter 3 discusses students perceived roles and experiences
producing multimedia stories in AP in this interview-based account of computer use by
high school students. Chapter 4 traces the processes of development of multimedia
computer files by high-school students through a case-study approach. The focus is to
understand students' development of computer concepts, patterns and styles of interaction
with the computer software, and students' conceptions of the development of story.
Chapter 5 describes two computer programs for exploration of ideas inherent in chaos
theory and non-linear dynarnics, discusses content important to the understanding of chaos
theory and considers the graphics inherent in these computer programs and the values and
limitations of these graphics in regard to developing understanding of the mathematical
concepts. Chapter 6 examines the nature of the interactions of high-school mathematics
students with chaos theory (non-linear dynamics) through explorations and manipulation of
computer programs as an extes5io of the mathematics curriculum. Chapter 7 discusses
human-computer interaction £ .n iwa views of cognition, from the representationist view
and the enactivist perspective. Bth of the contexts, the Authorware Professional (AP)
context and the chaos-theory contexi, are discussed from their origins in the
representationist stance and then explored through the enactive view. Implications of the
enactive stance for education and research are then articulated.
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Chapter 1
Introduction

Human-computer interaction has emerged during recent years as an important field
of study. Its proponents come from many areas of specialization including computing
science, psychology, linguistics, philosophy, anthropology, sociology, and
neurophysiology. It is often linked to cognitive science which sees as its central tenet a
view of cognition as information processing. Some in cognitive science view computers as
appropriate models of human thought processes . However, not all members of the
cognitive science community are comfortable with this limited view. The scope of the field
of cognitive science has failed to consider people interacting with people and their
environment, peoples’ personal history, and culture as aspects which might be worthy of
inclusion in studies in this field (Norman, 1980, Putnam, 1989, Searle, 1992).

A response to this call for a broader understanding of human-computer interaction
is often met with skepticism. These skeptics wish to restrict their inquiry to experimental
approaches separating out problems from their surroundings and oversimplifying the
contexts. Bannon and Badker (1991, p. 230) propose that the experimental approach
produces a view of a person acting in a setting as disembodied with little or no relationship
1o the view of a person acting in the world. In response to these limitations of experimental
methods more qualitative approaches to the study of human thought and action have been
proposed. But a shift in research methods is not entirely at the root of these more
qualitative approaches. Underlying these more qualitative methodologies are different
views of cognition than that which is generally associated with cognitive science, that is,
the representationist stance.

From the representationist stance "The world is pregiven... its features can be
specified prior to any cognitive activity. Then to explain the relations between this
cognitive activity and a pregiven world, we hypothesize the existence of mental
representations inside the cognitive system" (Varela, Thompson, Rosch, 1991, p. 135).
Action in the world is based upon these cognitive representations. The test of these
cognitive representations is correspondence to the appropriate features of the world.

In discussing the representationist point of view Varela, Thompson, Rosch (1991)
state that "the realist naturally thinks that there is a distinction between our ideas or concepts
and that which they represent, namely. the world" (p. 136) while "the idealist, on the other
hand, quickly points out that we have no access to such an independent world except
through our representations” (p. 137). Both stances require a search for a ground. For the
realist the ground is external while the idealist searches for an intemal ground. The idealist,
by rejecting the idea of an independent world, is left without a sense of an outer ground.

Varela, Thompson, Rosch (1991, p. 140) describe an alternative approach to this
searching for a ground internally or externally. From this perspective, called "enaction",
the world is enacted "as a domain of distinctions that is inseparable from the structure
embodied by the cognitive system". The world is not completely independent nor is it
dependent. It is not purely the construct of our own thoughts or perception but is enacted
by our structure. Thus it is not an independent entity 'out there' nor is it the internal
construction of individuals. It is the interplay between the internal constructions and the
structure.

As an example, consider two computer user's views of a word processing
program. The word processor that one user uses may include features to spell check, edit,
automatically generate table of contents and the ability to format text in many ways
including fractions and symbols. Another user may use the same word processor as a
simple place to type text. The option to incorporate fractions may not even exist for this
user (although made possible within the word processing package). Each user may indeed
use the same computer program but 10 the two users the programs are quite different. To
the first user many functions are possible and thus the view of the software encompasses



these functions. To the second user the view of the same software is more limited. The
functions may not even exist for the second user because he’she is unaware of them.
However when this second user has been shown. or has discovered. a feature such as the
ability to place fractions into the text the word processor changes for this user because it
includes this new function. This feature has come to exist for this user by its introduction
to him’/her. From an enactivist stance the computer user brings forth a world as he/she
interacts with the computer and software. This world is determined by the user's structure.

However the computer environment (hardware, software. and interface) also
occasions the actions of the computer user. The computer progress allows for the
placement of text in various formats including fractions. The user of the word processor
acts within the possibilities made available by the word processing environment but limited
by the user's view of the environment. This view is ever-changing as the user takes action
in this environment thus the environment to the user is also changing. The environment
thus provides a "sphere of behavioral possibilities” through/in which the user takes action.
The user's actions coemerge with/in the environment.

From this example we see that the user determines the world by his/her actions and
the actions coemerge with/in the world. Thus the user and world are said to coemerge.
The user's knowledge through actions coemerges with the environment. This knowledge
is not separate from the environment. These users are immersed in a technological age and
find themselves in a computer environment using a word processor. Their cognition is to
be judged in this context not by how well their actions match a predefined outcome in the
environment but by how they coemerge with/in this world.

Statement of the problem

The initial work for this dissertation began in a representationist frame. However
this stance seemed limited and so a shift toward an alternative approach called enaction was
undertaken. During this shift a number of questions were asked: if we move beyond the
cognitive science view of cognition which is typically representationist and take an enactive
stance then what does human-computer interaction become? How might a view of human-
computer interaction be enacted? In answering these questions an exploration was
undertaken of examples of studies of students learning and their actions and experiences
within computer-assisted environments. 'Views' of human-computer interaction were
explored with the emphasis upon interaction and the nature of the human experience in the
presence of computer technology. This research agenda, through its various studies,
addressed the experience of computer technology, the conceptualization from an enactive
stance, and the nature of human-computer interactions by assessing the computer
environments and students interactions with them. Questions inherent in the studies were:
is the computer environment pregiven in a program through which students work or is the
computer environment coevolving with student actions as students are immersed in this
environment? Computer environments are prestructured in programs to allow certain
possibilities (and not to allow others). Students select from these possibilities by their
actions. Does the environment depend on perceptually jusided activity of the student?

Through the various chapters of this dissertati i shift toward an enactive stance
is evident and the question of whether an enactive staswe ¢ar ¥ taken toward the data are
replaced by questions of how this can be done. Thus the quenz“ns addressed in the final
chapter of the dissertation (Chapter 7) are:

1) How can human-computer interactions be interpreted from an enactive perspective?
2) What are the methodological and instructional implications of an enactive stance?



Methodological Orientation

This disseriation describes studies from a research program involving two contexts,
the Authorware-Professional! (AP) context and the Chaos-theory context, which attempt to
address the stated research questions. These questions are quite giobal in nature and
interpretation of these questions can be advanced from many perspectives. To interpret
human-computer interaction one must examine an image of the computer environment, a
view of cognition (the human element), and some sense of the interaction (and enaction) of
the environment and the participant. It is necessary to examine participants interacting
with/in an environment and to examine their perceptions of this environment. A
methodology involving observation, interviews, audio and video recordings, and student
record-making was devised in order to examine students' activities and perceptions and to
provide a framework to develop these interpretations. This methodology was developed
within an enactivist frame of reference which attempted to examine the codetermination of
participants and their world.

A research orientation, called phenomenography, also attempts to determine the
participants' experiences of their world. It aims at leaming about the human experience of
a phenomenon in the world. A distinction is made between first and second order
phenomena. First order phenomena are in the world. When discussing first order
phenomena we make statements about the world. Second order phenomena are about
peoples' ideas and experiences of the world. The research studies reported in Chapters 2
and 5 also make this distinction in describing the software used in the computer
environments for these studies and the ways these environments can be viewed.
Performance and product of performance are described. However these initial studies miss
the point that action is embodied. The task then of Chapters 3, 4, and 6 is to explore how
students' actions are not separate from their histories and their structures. Thus the
methods of the phenomenographic approach, looking at experiences, are implicitly present
in the studies for Chapters 2 and 5 but the philosophic underpinnings are enactive. These
studies are based on the assumptions that the student brings forth a world through
embodied actions in the world; and, based upon the student's history and structure. The
methods used, while phenomenographic in nature, take this assumption into account.
Looking only at products of actions misses the nature of the action. This is not to say that
products are unimportant. They are studied in this research agenda. However, they are
deemed insufficient and thus Chapters 3, 4, and 6 respond to this incomplete picture by
looking at students' embodied actions. Multiple data sources are thus required to generate a
picture of embodied action.

Methodology

The research program for this dissertation consisted of seven studies in two
contexts: 1) the Authorware Professional (AP) context and 2) the chaos theory context.

The Authorware-Professional Context. The AP research project began by
asking: how does a student develop the skills and concepts to be functional in this computer
context? The task for the first study was 1) to explore the icon-based computer
programming environment called Authorware Professional (AP) and identify concepts and
skills necessary for student use of AP and 2) to develop instructional simulations (IS)
which would encourage students to develop concepts and skills through exploration of
aspects of AP. Previous research regarding leaming programming and in regard to
developing simulations was reviewed (Lodding, 1983, Alessi, 1988, Goktepe, Ozguc, &
Baray, 1989, Reigeluth, & Schwartz, 1989, Jones, 1990, Stead, 1990). This research

Authorware Professional is a produced and distributed by Authorware, Inc., Minneapolis. MN, 1992.



review was the basis for the first IS generated. The intent of this initial IS was to initiate
students' processes of inquiry about the properties of icons and flowcharts. Further
simulations were developed into the four instructional simulations used for the studies
described in Chapters 2, 3, and 4.

The 1S's developed by the investigator were provided for students to illuminate
concepts involved in the use of AP. Many concepts were included in the simulations but a
brief list includes the concepts of icon (collections of operations. visually stand for a set of
operations), tool box (enables definition of text. lines, circles, and boxes), pull-down
menus (variations upon sets of operations are chosen here), types of variations (font size
and style, line thicknesses and patterns. modes and fill patterns, types of effects), creation
of a file, the operation of pausing (separates two computer actions in time), and variation
upon the operzation of erasing (zoom-to-point, zoom-to-line, and fade-out)

The first study in the AP context was conducted with thirteen adult students in a
third-year university course (for training of teachers) called "Introduction to Computer
Assisted Instruction”. Its intent was to examine students' concepts of AP through
responses to questions developed for use in audio taped interviews. These questions were
asked during and following student use of the 1S. These questions were developed in
regard to: 1) demographics and prior computer experience, 2) the computer laboratory
context and interaction with other students, 3) displays used in the IS, 4) concept
development through the IS, 5) using the table of contents pull-down menu in the 1S, 6)
conceptual understanding of AP's icons, 7) conceptual understanding of flowcharts in
general, 8) conceptual understanding of decision icons in flowcharts, and 9) conceptual
understanding of interaction icons in flowcharts an example of which is provided in Figure
1-1. The task of this research study, detailed in Chapter 2 of this text, was to study the
learning and comprehending of the concepts inherent in AP. Such an approach is
phenomenographic from a second-order perspective in that it attempts to understand the
experiences of phenomerion which students express in answers to interviewer questions.

By asking some of these questions of each adult student in the study interesting
discussions transpired. Responses to the questions varied. In some cases the students
seemed to be encouraged to think about their activities and draw from their experiences in
answering the questions. The questions did not require students to restate definitions they
had been taught. Rather the questions required that students consider situations in AP
which they may or may not have encountered previously. Students extrapolated from their
experiences or proposed possible solutions in answering questions. From these
discussions it was decided that these questions would be useful as activities for students to
explore. These questions were then developed into activities which students could use to
assist them in exploring AP (see Appendix A). The instructional package (IP) containing
the four IS's interspersed with eight activities was developed with the intent that students
could use the IP to explore (and construct) concepts and skills that were implicit or explicit
in the IS.

The second and third research studies were conducted with high school students
who used the IP. Two existing computer processing classes (not contrived environments)
became involved in the studies. These classes were flexible enough that students could
agree to participate in use of the IP without undue disruption to their usual pattern of
independent study of computer modules (which is customary in many business education
classrooms). The use of AP had been taught to the previous year's class. In 1991-92 it
was projected that moderate-sized classes would allow for this module to be taught to the
new class of students. Within the computer ¢. .sses students were already learning about
computer applications. The computer laboratory setting for these studies provided
sufficient hardware for student use. Thirty Macintosh Plus? computers with hard drives
were connected to local area networks and four file servers. Students leamed to save their

2 Macintosh Plus is a registered wade mark of Apple Computer, Inc.

4



programs to both the hard drives and to their own computer diskettes. AP was provided
for each student on the hard drive.
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a) For the flowchart above, describe the operation of the interaction icon, the response
types chosen, the correct answer, and the incorrect answer(s) tested for.

Figure 1-1.  Example of initial interview question used with adult students.

In the second study, details of which appear in Chapter 4 of the text, students began
using the IP once they had completed the use of the word processing and computer
spreadsheet units in their computer processing class. In this class students began the AP
unit after 2 to 3 months of classes, 3 times per week. (In the third study students embarked
upon the AP unit after completion of the word processing unit following two weeks of




classes also 3 times per week.) Students worked at their own pace through the word
processing and spreadsheet units. As a result they embarked on the AP unit at varying start
times.

Audio recordings of interactions between students and with the researcher were
made while student work was in progress and also during interviews. By transcribing
these recordings immediately after they were made it was possible to place researcher
observation notes into the transcripts. It soon became apparent that the observer note
taking would not be sufficient for long term recording of visual references. AP makes use
of a visual interface involving icons and flowcharts. As a result it was often necessary for
students to point to the computer screen when discussing the IS and the activities which
followed. These visual in::ractions were necessary for interpretations of the discussions.
In response, video recordings were made of student activities and interactions with the
computer.

The method of video recording underwent development in order to obtain the
desired data. The video method began with recordings of the activities of the entire class,
followed by recordings of a small group of students and finally focused in-depth (for about
one month) on two students' interactions, one for each of the two cameras used. The videc
camera was placed behind the student in the position of 'peering' over her/his shoulder.
By 'zooming in' on the computer screen with which the student was interacting the
procedures she/he used were evident on the tape. Thus, in essence, the outward
manifestations of the process of conceptual development were recorded to videotape. By
viewing the videotapes and transcribing audio tapes it was possible 1o review each days
events and determine difficulties with the IP activities. The questions and activities
underwent changes as these difficulties were encountered. Students who embarked on the
AP unit later in the course used the changed version of the materials. Researcher
observation, student-created programs, and video and audio recordings of creative activities
were used to 'capture' some of the interactions that occurred within the complex
environment of the computer classroom. The computer laboratory setting was comfortable
enough for students to continue leaming activities despite these sometimes intrusive
measures.

Following the completion of the IP students created a 'living essay’ (their own
autonomous creation in computer program form) based upon what they had learned and
experienced in the lessons about AP and based upon their perception of the assignment and
the possibilities within the computer environmeit within AP. Through the IP, students
were encouraged to form hypotheses about manipulating and performing tasks. to test
them, and to interact with the computing principles involved in a creative way. The effect
of such experiences on students' manipulation capabilities and computer conceptualizations
are assessed qualitatively in Chapter 4 thereby offering the potential for increased
understanding of how individual learner computer concepts develop in a student-computer
interactive environment.

The data from studies two and three, encompassing transcripts of conversations,
descriptions of student activity and files of student work, are extensive. From this vast
array of possibilities two chapters have been written. Chapter 3 offers description of high-
school students’ meanings of their developments of computer based 'living essays' which
incorporate text, graphics, sound, animation, and movies (multimedia) in order to tell a
story of the student's making. Students' reflections upon the processes of these
developments and the meanings of these products to these students are explored through
this chapter. Chapter 4 provides descriptions, in case study format, of two students
activities in using AP to produce living essays.

The Chaos-Theory Context. Development of the materials and computer
programs for use in this context occurred through a series of events that spanned eight
months. Based upon initial literature searches and reading, an instructional simulation as)
was developed which taught the concepts of iteration, computer graphing, and orbit
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analysis (Devaney, 1990, Falconer, 1990, Mandelbrot, 1982, Milnor, 1978). This file
was demonstrated to a group of teachers/university students in a class about issues in
mathematics education. Feedback was received about the content presented in the IS and
the usefulness of the package. A computer program which demonstrated the process of
‘Cobwebbing’ was then developed. This computer program was demonstrated to the class
whose ‘confused’ looks and general comments were noted. It was necessary to use the
chalkboard to enhance the computer presentation. An extension of this computer program
was created which linked the concepts of Cobwebbing (from the first computer program) to
computer graphing (from the IS). This computer program became known as the
Cobwebber. This program was demonstrated to the class who showed interest in the
programs based upon their comments.

The Cobwebber computer program generates 'cobwebs' of iterates of functions so
a visual representation of non-linear dynamics (chaotic functions) can be explored. An
Excel? spreadsheet file can also be manipulated to explore the numerical iterates of a
function and graphs of these iterates. These programs are described and analyzed in
Chapter 5.

Study four (not reported in this dissertation) involved adult students in a university
class entitled "Using computers to teach mathematics". These students were provided the
three computer programs (the IS, the Cobwebber and the spreadsheet program). They
were introduced to the input of values into the programs and encouraged to explore. The
session was to take one hour. However students became involved in a variety of activities
and mathematical pursuits which involved their entire class period of three hours. The
following class session, students were asked to review what they had done the previous
day for twenty minutes and be prepared to report their findings. Although attempts were
made to encourage reporting, students did not wish to cease their explorations with the
software. After one hour students were recuired to turn off their computers so they could
return to regular class activities. No data was collected during these encounters except for
researcher observations. However, based upon these early encounters these exploration
programs were considered viable for research activities.

Since these programs were readily available for manipulation by university students
it seemed likely that capable high school mathematics students (and mathematics teachers)
could explore non-linear dynamic systems as an extension of the high school mathematics
curriculum. These programs seemed to encourage the university students to inquire about
mathematics, to form hypotheses of the nature of the mathematical principles and to test
these hypotheses by manipulating the computer programs. It seemed that through their
activities students interacted with the mathematics principles involved in a creative way and
generated personal meanings of the mathematics. A method for student-recording their
activities was developed in a simple chart with columns for recording input to the computer
and space to make observations of findings and to note the reasons for the input entered.
This software and recording method were ready to try with high-school students.

In study five a group of high school students (aged 16 or 17 years) chose to be
involved in the study as an extension activity to their mathematics class which followed the
provincial curriculum. Students attended six one-hour after-school sessions in six weeks
in the computer laboratory. Students were self-selected by responding to a group-invitation
to participate in an after-school program (on early dismissal days) conducted in the school
computer laboratory. Weekly one-hour meetings of this mathematics group were held for
six weeks.

This study, reported in Chapter 6, focuses upon leamning and generative processes
and the ways non-linear dynamics programs are used to produce the type of investigative
thinking which is desired in students. In addition, this study addresses the need to
understand interactions of students with non-linear dynamics computer programs and the

3 Excel is a spreadsheet program produced and distributed by Microsoft, Inc.
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implications of these interactions for student learning and thinking. Researcher
observation, student recordings of their activities. and video and audio recordings of
student activities were used to 'capture’ some of the interactions :hat occurred within the
mathematical-computer context. Students responded (in writing) to researcher questions
and provided their answers at the end of each meeting. These written responses were
sources of information about students' activities.

Studies six and seven (not reported in this dissertation) involved university and
high-school students respectively, using the three programs and making records of their
activities on the recording sheet. The data from these studies is not provided as it takes
new directions. The study with university students primarily discusses use of the computer
to teach mathematics, and the high school students study focuses upon curriculum and its
development through student activity. These studies. although related to the work
presented in this dissertation, is not primarily concerned with human-computer interaction

and an enactivist approach to its study. They focus instead on mathematical understanding.
For this reason they are not provided here.

Questions Addressed Through Both Contexts

Several questions which elaborate the fundamental research questions were address
in the studies. Among the questions addressed were (1) in what activities and interactions
had the participating students been engaged with the computer as partner/recipient/stimulus?
(2) what styles of interaction emerged? (3) what content (mathematical and computing) had
students generated? (4) what curriculum emerged from these activities? (5) what was the
interplay between the leamner and the context in which they explored? and (6) what
meanings did students assign to their interactions with computer programs in attaining
development (mathematical and productive)? These questions, specific to each of the
contexts, form the basis to address the main questions in the dissertation including the
interpretation of human-computer interaction from an enactive stance and educational and
research implications of such an approach.

Outline of the Dissertation

The dissertation is composed in a series of inter-related but stand alone essays.
Each chapter (essay) can be read independently. They can also be read in groups. For the
reader interested in programming issues and students' exploration of an icon-based
programming environment then Chapters 2, 3 and 4 would be appropriate. For the reader
interested in mathematical meaning making through students' explorations then reading
Chapters S and 6 would be helpful. Readers interested in the construction of enactive
environments may wish to focus upon Chapters 2 and 5. Readers who wish to understand
students' experiences and activities of human-computer interaction might focus upon
Chapters 4 and 6. Chapters 3 and 6 provide insight for the reader interested in students
perceptions of their activities while interacting with the compaster. Abstracts of each chapter
(essay) are provided here.

Chapter 2 - Icon-based Programming Concepts

Abstract. The problems of conceptualizing and understanding icon-based programming
are explored through an interview-based account of students' use of Authorware
Professional (AP). Students interact with instructional simulations and with AP (an
icon-based programming language) in developing concepts of icons, flowcharts,
toolboxes, pull-down menus and AP itself. Student's concepts are explored
through interviews and examples are provided of students' discussions in order to
characterize concepts formed while using AP. These characterizations are thought



to be applicable to the study of other icon-based programming systems. With
current interest in icon-based human-computer interactions which are deemed to be
more friendly, interest in icon-based programming languages is likely to increase.
This study provides direction for further study into this growing field.

Chapter 3 - Students' Transformational Experiences with/in a Computer
Environment

Abstract. Students' perceived roles and experiences of producing multimedia stories are
discussed in this interview-based account of computer use. Five high-school
students participated in interviews to determine their conceptions of producing
multimedia essays in Authorware Professional (AP). During one such discussion a
student explored her role as an author in developing the computer program. This
idea of students role was incorporated into the format of subsequent interviews.
Two in-depth discussions and three brief discussions are presented of student
perceived roles and students' experiences of the development of the computer files.
Students bring forth a view of the computer environment and themselves as
generators of the activity. This study is aimed at understanding how a knowledge
of computer multimedia as expressive environment develops. It examines modes of
computer usage, technical and nontechnical experience of computer technology, and
explores the transformational experience of computer technology.

Chapter 4 - Case Studies of Students' Embedied Actions with/in a
Computer Environment

Abstract. The processes of development of multimedia computer programs by high
school students is traced through two case studies. The focus of these studies is to
understand students' development of computer concepts, patterns of interaction
with the computer software, and styles of interaction and students' conceptions of
the development of story. Twenty students in a second-year high-school computer
applications class vsed an instructional package to learn about the features,
functions, and development of programs in Authorware Professional (AP).
Students completed the instructional package and then created a computer program
referred to as a 'living essay' by the teacher and students. The product
development schemes of two students were reflected in work shown on their
computer screens which were recorded to videotape. The interactions with the
computer, fellow students, the researcher, and the teacher are audible on the
videotape. Descriptions and transcripts of these interactions are provided. The
questions addressed are: What is the nature of student creations when students are
immersed within this computer-enhanced environment? What strategic patterns and
techniques do students use in these productions within the context of AP? What
insights into computing concepts are gained from these experiences? What is the
interaction between the learner and the medium? The study presents an
interpretation of human-computer interactions which is articulated and expressed
through this study by viewing students activities and interactions.

Chapter 5 - Simultaneous Graphics Presentations in the Study of Non-
Linear Dynamics

Abstract. Two computer programs for exploration of ideas inherent in chaos theory and

non-linear dynamics are described. Iteration, the logistics equation, iterate graphs,
and cobweb graphs are described as content important to the understanding of
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chaos theory. The chapter discusses the types of graphics inherent in these
computer programs and their values and limitations in regard to developing
understanding of the mathematical concepts. The features of each graphic which
are considered most salient are discussed. These graphics are then considered
together and the value of the simultaneous presentation of these graphics for
exploration of mathematical concepts is discussed. Finally the limitations of use of
these computer graphics is discussed

Chapter 6 Using Computers To Look At Non-Linear Dynamics: What Do
Students Do? What Do Students Think?

Abstract. This study examines the nature of the interactions of high school mathematics
students with chaos theory (non-linear dynamics) through explorations and
manipulation of computer programs as an extension of the mathematics curriculum.
These programs generate: (1) visual representations in the form of ‘cobwebs' of
iterates of functions and other graphical representations and (2) numerical iterates of
functions and graphs of these iterates through a spreadsheet application program.
Students are encouraged to inquire about mathematics, to form hypotheses and test
them, and to creatively interact with the mathematical principles. Students’
mathematical capabilities and experiences are examined offering the potential for
increased understanding of how mathematical ideas develop in an interactive
computer environment. The study focuses upon learning and the ways non-linear
dynamics computer programs can be used to produce the type of investigative
thinking which is desired in students. The ultimate aim of this study is to provide

an overview of student-computer interaction which lead to student experimentaticn
and leamning.

Chapter 7 - Human-Computer Enaction: Implications for Education and
Research

Human-computer interaction is discussed from two views of cognition, first from
the representationist view and then from the enactivist perspective. Both of the contexts,
the Authorware Professional (AP) context and the chaos theory context, are discussed from
their origins in the representationist stance. The enactive view is then explored through a
discussion of the two contexts. Implications of the enactive stance for education and
research are then articulated.
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Chapter 2
Icon-based Programming ConcerZts

From an instructional point of view, two major orientations to computer use by
students are of interest to an instructor. One orientation provides for student activities
focused upon creation of end products. The second orientation provides for the
development of computer related concepts as embodied by the application being used. The
orientation toward end products is predominant within training environments. In public
school environments the focus is more likely the building of concepts which can form the
basis of generalizations which encourage creative activity or application of ideas (transfer)
to novel experiences.

Based on the orientation toward concepts, the decision of which concepts to
develop within a computer environment becomes important. This decision is likely based
upon the computer operating system and software being used. Which of the two would be
best introduced first? For example, when introducing students to the use of a computer
using a DOS operating system an understanding of the operating system is necessary in
order to operate the software so the concepts of the operating system must be established
first. However, using an icon based operating system which relies on pointing (for
example, the operating system on the Macintosh! computer) may allow the operating
system to become transparent and thus beginning with understanding the concepts of the
software application may be possible. However, it is likely that at some point the user of
the icon-based operating system will begin to consider the function of icons. This
functional understanding forms the beginning of a conceptual understanding of the
operating system.

With the desire for more friendly computer user interfaces (Kitajima, 1989) a
heightened interest in operating systems which rely upon icons, pull-down menus and
options boxes for control of operations is apparent. A natural extension of this interest is in
icon-based programming systems. One form of icon-based programming includes a ‘front
end' which interfaces the user to an existing programming language to create statements
which are then executed. This allows for icon-based interactions with the existing
programming language (Gittens, 1986). Another form of icon-based programming is
developed 'from scratch' which incorporates an icon-based interface for control of
operations and does not produce intermediate code for execution of operations. The code
created by interaction with these icons may or may not be accessible to the user of the
system. An example of this second type of icon-based programming is Authorware
Professional? (AP). The motivation for the selection of AP in this study was: availability
(Rode & Poirot, 1989), icon understandability (Jones, 1990), and suitability for students
and efficiency for learners (Hazen, 1987).

Authorware Professional

AP is an icon based programming language which takes advantage of a graphical
interface (available on the Macintosh computer and within the Windows environment on the
IBM). According to Goktepe, Ozguc and Baray (1989, p. 169)

graphical interfaces have now been introduced that represent a significant
improvement over traditional command languazes as a means of realizing the full
potential of a computer. As an example, iconic interfaces present command and

—

Macintosh is a registered trade mark of Apple Computer, Inc.
Authorware Professional is a produced and distributed by Authorware, Inc., Minneapolis, MN, 1992.
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system information in a non-verbal manner. ... It improves user performance while
reducing errors.

Lodding (1983) indicates that images can be easily recognized and learned. and thus may
be better than their lexical equivalents.

To program in AP one must select icons from a menu and ‘drag’ them to a
'flowline'. The flowline being the path by which the execution of the icons is
accomplished. The flowline and the icons together form a flowchart. The icons on the
flowchart are executed one by one in the order of the flowline. Each icon 'stands for' a
particular set of operations. To set the operations within the icons in AP choices must be
made from the options and toolboxes provided by each icon. Icons in the flowchart can
then be 'filled’ with information. Text and graphic information, as well as parameters are
set either during an interrupt while executing (running) the flowchart or prior to its
execution. The programming code (set through parameters) and the information contained
in the icons will be executed and displayed based upon the flowchart's definition and
sequegcing. The flowchart may be edited before, during, or after execution.
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Figure 2-1. The Icons Menu in AP and an example of a File Created using AP.

An example of a program created in AP is provided in Figure 1, in which eight of
the icons used in creating a program are displayed vertically in the menu on the left and
three additional icons displayed horizontally at the bottom. An understanding of the icons
used in AP is necessary if one is to author using AP. Townsend (1986, p. 119) suggests
that icons should "clearly depict, indicate, and distinguish a program's commands and
operations ... [and] should suggest and indicate a command intention rather than just
duplicate or represent a particular pictorial form." AP's icons clearly distinguish between
operations fulfilling this expectation of Townsend's. The icons in AP are described in the
order they appear in the menu.
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1) The display icon operates to create a screen display composed of objects which
contain text and/or graphics.

2) The animation icon is used to move the objects within a specified display icon to
another region of the screen based on a variable or a previously specified path.

3) The erase icon acts to erase the screen display of any one display icon.

4) The wait icon is used to cause a pause in activity for either a previously specified
amount of time (in seconds) or until the user presses a key or clicks the mouse.

S) The decision icon is used to create looping through the icons in sequential or
random order or based on a previously specified variable.

6) A question (interaction) icon is used for creating questions or interactions
providing transactions with users.

7) A calculation icon is used to place variables and calculations into the flowchart.

8) The group icon is used to group a number of icons together in a sub-level of a
flowchart.

9) A movie icon is for importing and playing 'movies' in AP. The 'movies' played
are sequences of graphical images which are played in sequence providing
animated presentations.

10) The sound icon is used to place sound into the flowchart.

11) The yideo driver is the icon used to control external devices like videodisc players
and videotape players.

This last icon in the menu appears less intuitive than the others. McLean (1983)
suggests that icons should leave little room for misinterpretation and should be meaningful.
Although the meaning of AP icons appear to be intuitive this needs to be established for
users of this programming language.

Jones (1990), in discussing icon usage, states that '"'the expectations for computer
tools on the part of the teachers is that time instructing the children how to use the resource
will be sufficient to overcome the complexities inherent in the interface design" (p. 307).
He suggests that "'a better way might be to give ... potential users of the resource a chance
to demonstrate how they conceive of the programs options" (p. 307-308).

Burgess (1991, p. 24) describes difficulties in conceptual understanding and use of
computerized systems:

When a system has an explicit physical reality, as in a traditional (noncomputerized)
file system, then the reality gives the user a substantive understanding of the
workings and organization of the system itself. With a computer database
[program], the physical reality of the data [encoded content] and its organization is
masked behind layers of hardware and software where the transformation in form
and perhaps content. suffice only to erect a barrier of obfuscation between the user
and the data [encoded content].

The content of computer programs may be masked behind the computer
programming language used. The structure, function, and organization may not be evident
in usual text-based languages. However, the icons, flowchart and menus available in AP.
if understood, should provide a framework through which students can produce programs
and understand their execution. Norman (1983, p. 7) states that "models provide
predictive and explanatory power for understanding the interaction." Mayer (1981) and
Murphy and Mitchell (1986) indicate greater efficiency in computer use is possible when
users have a realistic model of a computer structure.

Metaphors have been employed for some time in computing, where end-users have
required an analogical model of a system. ... Metaphor relies on attributes of a
physical, extenal environment with which the user is familiar, being directly
transferable to the objects in the computer system. (Gittens, 1986, p. 530)
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AP uses display, erase and decision icons to provide familiar images of actions or
objects in defining its icons. These attempt to make use of user concepts which already
exist. An example of this is evident in the use of the erase icon and its image being of an

eraser. "The major deficiency of metaphors is that they break down if overextended”
(Gittens, 1986, p. 528).

The Research Project

The current study set out to allow subjects an opportunity to express their
understanding of the icons, flowchart and interface as used by AP. In order to accomplish
this task (a) concepts important to the use of AP were identified and (b) the particular
concepts students developed via instructional simulations and through interaction with AP
were investigated. The intent of these activities was to provide direction for research in
studying user concepts developed when using icon-based programming languages.

n . As the description of AP illustrates, the
icons, flowcharts, and pull-down menus in AP compose a formal system used for the
definition and creation of programs. In order to program within this system it is necessary
to possess some conceptual understanding of the system. Interaction within this structured
environment is based upon an understanding of the functions and use of icons placed on
flowlines to form flowcharts mediated by pull-down menus, toolboxes, and option
choices. In addition to possessing concepts for the functions of each of these structures in
AP one must understand what it is that display icons display and what it is that erase icons
erase. In other words one must possess the concept of object. The flow of activity
through the flowchart is also an important concept which must be understood to use AP.
This flow is controlled by hidden or apparent variables which must be understood in order
for programmers to control the flow of activity via these variables. Finally, when a user
creates a progratn in AP, what has been created? A concept of program is another concept
inherent in the use of AP. Other more task specific concepts and skills are helpful for users
of AP but this discussion is concemned with conceptions applicable to the broader context of
icon-based programming rather than task specific ones.

Methodology

In order to investigate students' concepts of AP, questions were developed to be
used during audio taped interviews. These questions were asked during and following
student use of the IS. The questions were as follows.

a) Whatis an icon in Authorware Professional?
b) What is a flowchart and what is its function?
¢) What is the function of the display icon?

d) What is the function of the erase icon?

e) What is the function of a toolbox?

f) What is the function of the pull-down menus?
g) What is Authorware Professional?

During the initial phase of this project the concepts necessary to understand AP
were defined (outlined above). Based on these concepts four instructional simulations (IS)
were developed to introduce students to AP and to introduce the concepts. The IS were
developed in a style that has been described as "like watching over the shoulder of an
experienced programmer using AP and the programmer describes what is being done".
These IS demonstrated techniques for creating a new courseware file in AP, for placing
icons on the flowline and for the use of pull-down menus and option choices for defining
operations and parameterizing of icons.

Palmiter and Elkerton (1991) state that "an animated demonstration shows the user
how the interface appears as the procedure is executed and also links the input actions with
the interface results. Users ... experience ... how each procedural step contributes to the
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overall task goal" (p. 689). This is important if students are to understand their interactions
with the software and their later experiences. However, one possible drawback to this
approach is the possibility that students will merely mimic the procedures without
understanding them (Lefevbre & Dixon, 1986).

Subjects

Thirteen students in a third year university course (for training of teachers) called
“Introduction to Computer Assisted Instruction" used the four IS during the laboratory
component of this course in a laboratory using Macintosh computers connected to a local
area network. During student use of the IS and following completion of the IS six of the
thirteen students in the course were interviewed to determine their conceptions of AP.

Results

Students were asked to respond to a set of questions to determine their conceptual
understandings of AP. When students were asked to respond to the question "What is an
icon in Authorware Professional?" three ways of describing the icons were used by
students. Students described an icon as:

1) "It represents a command."

“It's just a representation of ... computer action."”

"It is the foundation of a process or a procedure."

*They are symbols and pictures that stand for various functions that they perform.”
2) *The tools I would use as an author to create CAL"

"It will allow you to write a part of a program."

"They're steps to develop a program. ... They are there to set up your program."
3) “An icon is a tool that you can use to execute a function."”

To students. these icons in AP symbolize, represent or provide a picture of the
commands, computer actions or functions within the programs written in AP. They are
tools for the creations or writing of a program or computer assisted instruction lesson.
They may also serve the purpose of allowing the execution of the functions, computer
actions or commands (program code) they represent. They appear then to 'stand for' a
process or to be a step or part of the set up of a program for the creation and execution of
computer assisted instruction (CAI).

Similar concepts are reflected in students' discussions of "What is a flowchart?"
Students indicated that flowcharts served five purposes: For the 1) design. 2)
representation of, or 3) execution of the program or code and to represent 4) the author's
ideas, or 5) the content of the program or code.

1) Design
**To me a flowchart is a series of steps that you take to design your program.”

2) Execute
A flowchart is "a path an author and student will take through the program."
"The function of the flowchart is to execute your program. Show how your program
runs."
"It makes the program work."
"For instance here (points to the display icon in his flowchart) I'm going to display
something. I'm going to wait (indicates wait icon), display something else and then
erase it."
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"Well it starts in the first icon and goes through it. It executes what I have put. what
steps I have put in that icon. It goes to the next icon and completes the steps in that
icon."

"How your program will run. It's the line of execution."

"The flowchart is the steps your program goes through."

3) Represents Code

*That is a series of commands and steps that the program itself is going to take. steps
the course is going to take."

"A flowchart is just to show like a schemata. A view of the program. Not the
particulars necessarily but an overview of it."

“Just the order of what will be displayed or where the questions go. Its just an easy
representation. You look at it and you can see what point in the program you are. Its
just kind of an overview of the program."

"Well rather than have me write up my program in Fortran or whatever. It's jusi a
visual way of showing what I've done, what steps I've taken."

4) Represents the Author's Ideas
"It basically tells you, not at a real concrete level, displays what you are doing. What
your processes of thought are. What your big picture is without going into detail."”

5) Represents Content

"The flowchart is the steps your program goes through. ... They allowed you to put
information in on those steps. They allow you to program in the icon."

The flowchart seems to be a procedure or a sequence to some students while itis a
schemata or a view of a procedure to others. It functions for the design, creation and
execution of the program. However, it also represents the authors ideas and schemata and
may serve to represent the content and instructional strategies inherent in the program. It
may represent a generalization of the instructional procedures through a schemata.

The flowchart is composed of different parts which are salient to different students.
Some students see the icons as the key to the flowchart. Others see the interconnectedness
of the icons as important. Still others seem to imply the importance of the flowline as the
line of execution.

While discussing the question "What is the function of the display icon?" students

appeared to have either 1) purposive concepts of the display icon "to give information to the
learner" or a 2) functional concept of the display icon:

"It allows you to put in graphics, text, whatever you want to do onto the screen."
"[1t displays] anything you want to put up on the screen."
*The display icon is the display of the screen."”

The mediating effect of instruction is indicated by students’ words. When one
--udent was asked about the function of the display icon she responded by indicating that
s1e display icon "Displays." When asked what it displayed she responded "Text". When
asked if she had completed the instructional simulations (IS) she indicated she had not due
to illness. Another student who had used the 1S and had just begun using AP for a
laboratory assignment indicated that "as far as my understanding is so far, based on these
[IS] programs, it is in these icons that you put your instructions on the screen.” Both
students had used AP to begin the laboratory assignment but the second student had used
the CAl lessons while the first had not. The second seemed to have a greater grasp of the
use of the display icon compared to the student who had not used the IS. These students’
responses may indicate the need to further study the kind of instruction helpful for student
development of concepts.
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When asked "What is the function of the erase icon?" students indicated that it "is
an eraser". The real question became what does the erase icon erase? All students
indicated that it erased contents of the screen. Which contents? For one it "allows the first
screen to be erased so we can go on" while for another "It erases the last screen that you
have displayed" and yet for a third it erases "your previous step. ... The previous item on
the screen.” In each of these cases students were aware that the entire screen display was
composed of parts, each part created by one display icon. Only the contents of one display
icon is erased by one erase icon. In fact the screen display erased is that which has been
selected in the options for the erase icon. These students however seemed to be confused
on this point. They assumed it either erased the objects of the first display icon in the
program, of the last display icon in the program, or of the one just before the erase icon
was introduced into the flowchart. The conception that the choice was automatic is
actually not functional in the program. Another student expressed a more functional
concept when she stated "It erases whatever display icons you select."

To one student erase icons "erase whatever you want them to erase whether the
whole screen or just parts of it."" This student seems aware of the fact that the screen can
contain images and text from more than one display icon. The contents of this display icon
can be erased separately. However only one of these can be erased with one erase icon. A
competing notion that seems to confuse the issue is that one display icon may contain
multiple parts. These parts must all be erased by one erase icon. Parts of the image from
one display icon cannot be left on the screen.

Two competing notions of displays seem to operate for students. The first is that
only one display icon can be erased by one erase icon. However multiple images may be
evident within this one display icon. The second notion is that a screen may be composed
of multiple images that have each been generated within one display icon. They may be the
product of multiple display icons. Thus they must be erased by multiple erase icons. One
student stated that "The erase is used if you put in instructions here and if you don't want it
to be carried through it [the erase icon] stops it."" Another way of expressing the same
concept is "If this [erase] icon is not there the information would remain on the screen."”
Through these statements students were aware of the 'buildup’ of the screen contents from
many display icons. This conception of 'adding on' is common in other programming
languages other than AP. To remove any contents of the screen one must provide an erase
icon. Actually, as students progress further in their use of AP they will leamn that other
means of erasing the screen, whether the entire screen or just parts of it, are possible.

An interesting discussion was extended from the discussion of erase icons and what
it is that they erase.

student: Erase icons erase the screens that you create ... . Well they erase objects is
what they do.

researcher: What is an object?

student: An object is a display that you have created. ... A graphic.

researcher. How is that graphic then defined? Or how do you know when something is a

graphic.

student: uh...

researcher:  If you have a bunch of text there how do I know that that's a graphic that can
be eras=d?

student: The graphic is something that is done as an object and text is something that is

done as text. 1 don't know how to explain the difference. 1know that there is
a difference in something that you've created as a graphic and some other
stuff that's text.

researcher: Does an erase icon only act on graphics?

student: 1 don't know I haven't tried it on text. But you are not in something like a
word processor here are you?

researcher:  No.
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student: When you are creating new screens what vou are creating is a graphic
representation of something. Aren't you?
researcher: Are you?

student: Yes.
researcher: O.K.
student: If I use the text on here, like when I type something on here, it is actually not

like I'm typing on a word processcr. It's like something is a graphic
representation so I can erase it.

This student appears to be grappling with the question of object. She seems aware
that text in a word processor is different from text in AP because here it is stored as an
object. She uses the term graphic for her description. This may be because she is familiar
with drawing packages which indicate graphics by displaying bounds around the graphic.
Text has these same bounds when typing in AP (Figure 2-2).

) . L =
=Text in AP appears vounded?
Figure 2-2. Text in AP is bounded (when selected) by black indicators on each comer.

AP makes use of a graphical interface for creation of both graphics and text. This
may also lead this student to discuss text as a graphic. This graphical interface is facilitated
by a toolbox (Figure 2-3). Through this toolbox a user of AP can select objects. create

text, lines (vertical, horizontal. and at 45° angles), ovals, rectangles, and free lines
(oriented in any direction).

]
AR

Figure 2-3. The toolbox used in AP for the creation of text, lines, ovals, and rectangles
while in the display icon or the question icon.

What this student seems yet to realize is that the underlying difference between text
in a word processor and text in a graphic package is the way they are encoded. In the word
processor text is encoded as a string of characters with format statements. The graphics
package encodes text as a series of black and white dots each maintained in the same
orientation with the others. Text is defined with orientation and can be acted upon as a
single entity.

"What is the function of the toolbox?" Students indicated that the purpose of this
toolbox (Figure 2-3) was for the creation of a screen display. The toolbox simply provided
the tools for this creation.

“It just provides you with all the tools you are going to need to create your screen.
fonts, the line [tools], arrows and stuff."

"It allows you to pick which character or which process you want to activate on the
screen."

*They let you do different things. If you put text in then you can use the toolbox to
move it around. ... Highlighting it."

Another student simply described the toolbox from memory and the contents of the
toolbox display and the purpose of each of the functions displayed:

"You can write with it. You can change the styles, patterns, etc. etc. There was the

arrow, to replace the cursor back on. 'A' is for writing. What was after the 'A"?
(thinks a bit) Cross lines. No. Just a line for drawing horizontal or vertical lines.
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Then there is the oval, your square or rectangle, end crossbars. Oh the angle. You
could draw at your own angle. That was for drawing shapes."

A student stated that the function of the toolbox ''depends on what icon you are in
as to what it does.” With this statement the student shows awareness that different
toolboxes may appear in different icons. However, this student continues with a general
statement of the function of the toolbox: "lIt's all the things you can use and the things you
can do in this icon."

Discussion of toolbox is based on the toolbox present in the display icon. It is seen
as functional for the purpose of creating on the screen. It may be seen as a list of functions
or a set of tools. During one discussion with the student who had explored ideas of object
this student began exploring ideas of what is controlling the action: the software or the
operating system. This discussion follows.

student: The toolbox allows you to use special features like styles of fonts or doing
edits or variable things that you want to. I guess they are tools of the
machine. No of the software.

researcher:  Of Authorware [AP]?

student: I think they are tools of the Macintosh. Just a second now. If you use fonts
and styles. No I guess they are tools of Authorware [AP].

researcher:  This toolbox here (points to screen), this display toolbox is a product of ...?

student: That would be one of Authorware [AP].

researcher: But when you were talking about fonts and styles and things those are in
pull-down menus. What are the function of those? Are they different
from the toolbox?

student: The fonts and styles and things like that are from the system, from the
software. I'm trying to think in IBM. The fonts and styles and stuff like that
are from the software that you are using.

researcher; How about 'variables', 'models' and 'try it"?

student: Try it is from Authorware[AP}. That's a part of the Authorware [AP] thing.
The edit and the variables seem like they could be from Authorware [AP] too.

researcher. And what do those things in pull-down menus do. Just a general idea of the
things they might do.

student: Edit allows you to do various things with the work you are doing like cut,
copy. paste and well I guess you call it an editing tool. Variables allow you to
change the things that you have done or present different views that you have
done. Don't they? Just wait (she pulls down the variables menu). Oh yeah
(points to the display options in this menu). These variables would be part of
the software. I guess they would be part of the program showing functions.

This discussion shows a student attempting to understand the difference in
components, options and control of the operating system in the machine and the operation
of the application. She is also comparing the differences between the operating systems in
the Macintosh environment and IBM environment with which she is familiar. In contrast to
the findings of Mayes. Draper, McGregor and Qatley (1988) this student was able to recall
the names of the menu items that she used and then able to think about the implication of
how these functions were provided by software or the operating system. This indicates
that this user has some problems in deciding what is provided by the operating system and
what is provided by AP. She seems to be attempting to understand conceptually the
interaction of AP with the operating system. Although she has not yet fully conceptualized
this relationship she is making the attempt.

*What is the function of the pull-down menus?" Students responded that they "give
you options", "'more choices" or "more functions". Another responded '"They are added in
functions.” All of these seem to define a similar concept: the pull-down menus are a set of
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additional options, choices or functions the purpose of which is to define icons and make
them operate in different ways. However. as to when pull-down menus operate and on
what they operate, two students responses are noteworthy:

researcherr ' What do they operate on?
studentl: Whatever you are working on. ... If there is nothing on the screen and there
is nothing to change then the menu will be grey. If there is something

that you can change or an option that you can do then it will be
black.

researcher: With the toolbox you told me that it was specific to the kind of icon you were
in. How about the pull-down menus?

student2: Well obviously there are some functions. the ones that are highlighted
are the ones you can use in that particular mode. There are some
like lines, effects, fills that you can use in your display icons.

These students are responding to the pull-down menus question and have obviously
noticed that the menus are options that are not always available. The options in the pull-
down menus are black when available and grey when they arz not available. However,
students did not indicate why some options were available at some times while others were
not. This means that these options are specific to particular tasks and context but what
these contexts are to these students is not clear.

On the question of "What is Authorware Professional?" the students responded that
it "is a program", "a software package" or a "software program". They also all indicated
their perceived function of this program. The students were consistent in their descriptions
of AP as being for "creation". As to what it is that AP creates students responded that it
was used "to make courseware" for "'creating programs' or for ‘creating your own tutorial
or computer assisted instruction".

Discussion

Students' interviews were based on their conceptions of AP. These conceptions
were based on the IS and students experiences interacting with AP. From the student
interviews it was clear that some students had developed understanding of the structures
and functions in AP. However, not all had developed appropriate concepts. Students had
also begun to build a logical structure in which concepts of icon are related to flowchart, to
pull-down menu and to toolbox. The concept of object was related to both display and
erase icons. Kember (1991) indicates that students not only need an understanding of
important concepts but they need to be able to relate one concept to another. Students had
begun to build a structure of related concepts.

To master the use of AP requires the utilization of conceptual structures that are
complex (perhaps as complex as those required for natural language) but fortunately having
finite boundaries. These boundarics makes the task of instruction about the use of AP a
manageable one. The question becomes one of how to encourage novice users of AP to
build appropriate concepts. Is the making of mere statements of these concepts enough to
encourage students? Is the use of a simulation to explain and demonstrate these concepts
sufficient? Or is experience with the environment and it's structures necessary to develop
these concepts? What is the sequence by which these various concepts develop? Is there a
particular pattern of events and interactions which will allow students to develop concepts
in an efficient sequence? What is the sequence of concepts of which students should have
experiences in order that these concepts will be built?

Another issue that must be considered is students past experiences in using other
programming languages, operating systems, and user interfaces and other types of
computer experience which may affect students use of AP. Another variable which may
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affect this experience is age. For the students in this study this was not an issue.
However, when considering school students these variables may be important. AP is not
aimed at school students but new icon-based languages may be aimed at this audience. If
schools wish to take advantage of these languages then age and experience variables should
be considered in studying their use.

An issue in conducting this type of research is the language used to talk about icon-
based programming. Each of the icons has a name. The name implies a meaning but does
the meaning of the name fully convey the meaning of the icon or does the icon's meaning
go beyond the words? For example, the fifth icon in the menu (see Figure 2-1) is an icon
in AP which is called a decision icon. With experience this icon becomes associated with
loop structures which are contr~lled by user or system variables. Does the name 'decision’
fully convey this meaning? Is it appropriate to introduce and make use of the language in
the AP manuals or would language developed by the users and shared within user groups
be more appropriate to their understanding of the concepts? (Jones. 195G)

These many questions flow from this study of siudents using AP. Many more have
arisen during later work with this same material. Further study irto the entire question of
icon-based programming must be undertaken before such systems can be used to
encourage the development of generalized concepts rather than mere production tasks. If
generalized concepts can be developed within students then these concepts may be
applicable to the ever-changing operating systems and programming languages available. It
is hoped that this study will provide some framework and direction for further research.
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Commentary

Chapter 2 has explored student conceptions of the interface provided through the
Authorware Professional (AP) environment. Through this study questions have emerged:
In encouraging students to build concepts is experience with the computer environment
containing AP helpful? How could be achieved? Given experience with the environment
do students merely build static concepts or do their concepts change given further
experiences?

This study has surveyed students' statements about the AP environment and
provided insight into their perceptions of the features of AP including flowchan, pull-down
menus, toolboxes, and icons. Students' statements provided insight into their opinions.
If, however, we wish to explore their attitudes we need to consider the behavioral
component. In this instance it is not only important to know what it is students say about
the erase icon but how they use and treat the erase icon thus providing more insight into
their perceptions. Classifying students' answers to questions provided a very incomplete
picture. Students should NOT be expected to employ any single interpretation of
programming objects, flow-of-activity, or programs. Even (or especially) programming
experts may vary their point-of-view according to the task at hand. Thus, to get a more
reasonable picture of students perceptions, more must be done than to ask questions.
Students should be watched to see them using the system and performing a small variety of
tasks. At least then the observer can have some sense of what students do with the icons
given the task at hand. By observing students over a longer period of time it may be
possible to get a sense of changing perspective. Even better, by providing students with a
setting in which they vary the task at hand and observing how they interpret it a sense of
how they perceive the task and setting is possible.

From this question-and-answer interview-study it was possible to conclude that
students developed different concepts while engaged in leaming from the same instructional
simulations and while completing the same assignments. What was the reason for these
differing views? It appeared that students' actions within the computer environment and
students' histories may provide explanations. Students' actions and history need further
study. Thus this study was not enactive as it did not consider computer work as a function
of students' embodied actions. To do this would require consideration not only of
students' perceptions but also their activities in attaining these perceptions.

Student perceptions of computing tasks, whether teacher or student defined, are
important to consider. If students believe the task is to mimic an example shown to them
then their actions and perceptions may be limited to a set predefined by the example.
Students placed in situations which occasion their acting in particular ways may act
accordingly. The students response to the situation may help us see what are the students'
perceptions of the situations. Chapters 3 and 4 respond to this need to explore students'
perceptions by providing insight into students’ perceptions of their development of a 'living
essay' in Chapter 3 and two case studies of student developments of living essays in
Chapter 4.
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Chapter 3
Students' Transformational Experiences with/in a Computer Environment

Computerized authoring tools have placed users into expressive environments
through which generative productions and creative expressions of user ideas are possible.
Users interpret their interactions and experiences within the computer-enhanced
environments. By taking action in these environments it is possible for users to generate
multimedia productions expressing their ideas. Through these generative actions students
bring forth a view of the computer environment and themselves as generators of the
activity.

This chapter offers a description of high-school students' meanings of their
developments of computer based 'living essays' which incorporate text, graphics, sound,
animation, and movies (multimedia) in order to tell a story of the students’ making.
Students' reflections upon the processes of these developments and the meanings of these
products to these students are explored through this chapter. What are students’
experiences of computer technology when they are immersed in computer multimedia
environments over which they have some control? The present study is aimed at
understanding how a knowledge of computer multimedia as expressive environment
develops. This chapter does not attempt to describe how students develop these computer
products as this is left as a task for another paper. Rather the focus is the students'
experiences of the development of these products as they relate to the students' perceptions
of the task and the emergence of the products based upon these changing perceptions.

Students within the Setting

Sixteen grade eleven students (16 or 17 years of age) in a large urban high school in
a large urban center in westem Canada participated in the study. Students had completed a
previous computer processing class which emphasized applications during their tenth year
of schooling. This previous computer class had used IBM! computers, so this class,
meeting three times per week, was the first introduction to the Macintosh? computer for
these students. The computer processing class curriculum outlined that students were to
first be introduced to a word processor and then begin using a graphic package
(Superpaint3) and an icon-based programming language (Authorware Professional).
During the first two weeks of class (meeting three times per week, one-hour each class)
students were introduced to the Macintosh and used a word processor to complete a typing
assignment. The researcher was an observer for some of these classes. Following these
activities students used Authorware Professional (AP) for several months (time dependent
upon the students).

In an introductory activity for the AP unit of study students were asked to open up
an existing graphic image and make drawing changes to it. They were asked to save their
work. On the subsequent day students were asked to open AP and 'load in' their graphic
image following the teacher's specific verbal instructions. Some students were successful
at the first try but others had 'lost' their graphics and needed help in finding another to load
or in opening their existing graphic file. The teacher became busy helping these few
students who needed extra assistance. The researcher responded to the situation by
providing specific directions to the other students in order that they could animate their
particular graphics. This computerized animation sequence moved the graphic image

1 The IBM is a product of International Business Machines.
2 The Macintosh is a product of Apple Canada.
3 Superpaint is a product of Aldus, Inc.
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across the screen when the program was executed. By the end of their second computing
class each student had a functioning graphic animation.

How could students accomplish such a complicated computing task so quickly? AP
is an icon-based programming language which takes advantage of a graphical interface
available on the Macintosh computer (and also within the Windows environment on the
IBM). To program in AP one must select icons from a menu and ‘'drag' them to a
‘flowline', the flowline being the path by which the execution of the icons is accomplished.
In this case students 'dragged in' two icons: 1) a display icon to contain the graphic and 2)
an animation icon to move the graphic and placed them on the flowline. The flowline and
the icons together form a flowchart. The icons on the flowchart are executed one by one in
the order of the flowline. For these students their graphic containing display icon was
placed first so the graphic would appear followed by the animation (placed second) which
moved the graphic. Each icon 'stands for' a particular set of operations. To set the
operations within the icons in AP, choices must be made from the options and toolboxes
provided by each icon. Students set the options for the animation icon by moving the
graphic across the screen. This activity told the icon which graphic to move and how long
it should take to move it. Students explored changing the time setting so that the graphic
would be moved in different number of seconds (typically 3, 5 and 10 seconds). Icons in
the flowchart can be 'filled' with text and graphic information, as well as parameter settings
either during an interrupt while executing (running) the flowchart or prior to its execution.
For these students the information was set prior to execution. The programming code (set
through parameters) and the information contained in the icons is executed and displayed
based upon the flowchart's definition and sequencing. The flowchart may be edited
before, during, or after execution.

Research Procedures

Two students' interactions with the computer were recorded to videotape when they
began using AP. A video camera was placed behind each student. It was positioned to
peer over the student's shoulder in order to enable a clear view of the computer screen. In
front of each student was a microphone which recorded the student's voice and voices of
those who interacted with him’her as well as any sounds which were the output of the
computer. Students' responses to their own work could be heard in words and voices
expressing pleasure and frustration. Often the researcher and classmates could be heard
interacting with the students on the tapes. Questions each student asked and feedback
received could be distinguishcdt from the sounds in the computer laboratory. A visual
sense of the students' work and progress could be gained by watching the videotapes.
Each students' work was recorded over a three month period during which they completed
assignments for class. This involved collecting 25 to 35 hours of videotape for each
student. Annotated transcripts of these videotapes served as ''data" for this study.
Additional sources of data were provided by researcher notes, students computer
programs, and transcripts of audio-taped researcher/student interactions. The main source
of data presented in this chapter were audio-taped conversations and interviews between the
researcher and students.

Class assignments involved creating computer programs using AP. These
programs were created using icons (for which the computer code was defined and) filled
with text and graphics, collected together into a flowchart which was executed as the
program. A series of assignments and instructional materials were used to provide students
an opportunity to learn AP but were also open ended enough to encourage students to
create their own productions within the confines of the assignments. For example students
were taught how one might use a question icon and attached answers to produce a multiple
choice question. The students were then asked to use the question (interaction) icon and
attach appropriate answer icons in order to produce an interaction which allowed users to
click on a predefined region of the screen and the users choice would be acted upon. No
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specification of the format or content of the interaction was provided. Students in this
context were required to set these parameters for themselves.

Anne - 'A director of a TV show'

Anne was one of the students whose activities were recorded to videotape. Anne
used the multiple choice format to provide a series of questions embedded inside questions.
She produced a format by which users made choices and based upon these choices they
chose a particular path through her series of questions. This format had not been specified
in the assignments but Anne had constructed this program as her assignment. She was
deemed to be articulate and task-oriented by the teacher, thus her involvement in the study
was requested by the researcher.

Anne was one of the students whose graphic was not available during the
introductory activity. Anne had drawn her graphic and had saved it to the hard drive on her
computer. However, when she returned the next day she found that someone had removed
her graphic from the hard drive. She had not made a copy of this graphic on her diskette so
she did not have a graphic. To begin working on the animation sequence she drew a
simple graphic in AP. The flowchart for the sequence consisted of a display icon
containing a graphic followed by an animation icon which had parameters set to move the
graphic across the screen. In Anne's case her flowchart had two display icons each
containing graphics and an animation icon. This was because her sequence involved a
person entering a restaurant. First the restaurant appeared. Then the person appeared next
to the restaurant. The animation moved the person from beside the restaurant to the
doorway of the restaurant and then through it. Anne laughed about the simplistic graphics
she had created and the simple animation but nonetheless seemed proud of her
accomplishment as she showed it to another student sitting next to her.

Anne used the instructional materials provided by the researcher and then completed
assignments for class. For Anne's final few assignments, instead of creating each
assignment as a separate computer program she incorporated the new programming
sequences into the existing program. As a result the activities of animation, drag object.
and graphics import all were incorporated into one program. This program eventually
emerged as Anne's major course assignment which had been termed 'living essay' by
Anne's teacher. Part way through the creation of the living essay Anne was asked if she
would talk about her activities. She agreed to respond to researcher questions. This
conversation was held in a quiet conference room near the school office. Near the end of
this rather free-flow conversation about Anne's work in AP she was asked to describe her
work. She provided a description which the researcher found interesting, if not telling.
From this discussion a new research direction and research question emerged.

The researcher asked "If you were to tell somebody else in another class what you
are doing and what kind of things you are creating what would you tell them?"

Anne responded "1 already tell my family all that."

"Oh, and what do you tell them?"

"I tell them that we are leaming how to use this program that will enable use to
draw. It allows us to do lots of things. You can make--we can make a test on the
computer and it can like mark it itself by using the question icon. You can make cartoons
on it -- 'cause you can. That's what you can really do is make a lot of cartoons and stuff
on it. But you can also do calculations and things like that. But what I tell them I'm doing
is making--animating things--and allowing to put things in and other things. It's sort of
like a video game in a way 1 guess."

"For you as the creator it's like a video game or for someone else using your stuff
it's like a video game."

"Oh both!! Because I like to go back and do it myself. But for other people that go
into it it would be like a video game."

"How is it like a video game?"
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"Well in the aspect that I [emphatically] am able to choose what 1 want to do and 1
can take things and put them wherever I want to put them. In a video game you can move
your man just the same as I can move the fish or the bear [in my story]. Things like that."

"I never thought of it being like a video game. That's a really nice way of
describing it isn't it. 1 never thought of it that way."

From this early conversation with Anne a question emerged for the researcher.
Anne views her creation (program) like a video game. What is this program like to the
student? Who is the student as the creator? If this program being created is like a video
game to Anne then perhaps she is acting as a programmer or an artistic designer as she
creates her program? The researcher reflected upon the conversation with Anne and
decided that these questions should be pursued.

In a later conversation with Anne she indicated that she had shown her program to
fellow classmates. She said that she enjoyed getting the reactions of these students since
their responses told her "if her expectations were where they should be." She stated that "1
found out whether I should change it or what I should do." From Anne's preliminary
investigations (perhaps even formative evahsations) of her living essay with other students
she learned that sometimes animations have to "move quicker because you don't really
want people to lose interest in it, especially when there's more." Anne's living essay
created a story of a bear living in Yellowstone Park which endured many trials and
tribulations of bear life. In one of her sequences Bob, portrayed as a cruel hunter, shot at
the bear.

Anne described her program; "It was just like watching a show on TV except there
were no words or sounds. 1 could have done that but I didn't have enough time."

She was asked by the researcher "So when you were creating this living essay was
it like making a story or a show on TV?"

"Yeah and 1 was the director." When asked to elaborate on being a director she
described her activities and her response. "Well, it is good because I'm working by myself
so I'm making the changes by myself. I'm creating the ideas. If there was a person
helping me we might not have agreed on certain things and in that way it might not have
turned out. I mean if there's two people you have to please both of them but this way it's
just me - that way if I get reaction from other people then I can change it myself to what
way it should be. I don't know if that makes too much sense.

"I'm not sure what you're saying."

"Well, by doing it by myself, right, I was able to put my ideas on it - it sounds kind
of selfish but with two people, like me and Susan, she might have had some different
ideas, that way 1 probably....suppose we used the bear and she wanted it to go to
Yellowstone Park, maybe she wanted him [the bear] chained up somewhere, that way |
wouldn't have been able to add those things in like feeding the fish and bringing in all the
other characters that I did."

"Uh huh, so you had control?"

"Yeah."

"Okay, so you were able to put in your own story rather than somebody else's
story?"

""Yeah, like if I would have done something on the Olympics [as originally outlined
in the description of the assignment), like, I would just be repeating news but I wanted to
be creative and doing this bear, that was original."

For Anne the living essay is a video game for those who view it, including herself.
She has assessed its quality by showing it to other students. Despite this assessment by
others she feels ownership of her work and pride in her accomplishments.

Carson - 'A programmer creating a video game program’
Carson was one of Anne's classmates. It was apparent from his first drawings in

the graphics program that he had an 'artistic flair'. During the introductory activities for the
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unit on AP Carson drew a realistic looking rocket and animated it across the screen as it
was taking off. He had positioned this initial graphic on the screen so that it appeared to be
resting on the bottom of the screen. When he animated the graphic a fiery flame extended
from its base as it moved upward. In addition to being in the computer processing class
which used applications, Carson was enrolled in the computer programming class at the
grade eleven level. In this programming class Carson had demonstrated to his teacher a
developing programming ability. His teacher recommended him as a capable student
whose visual work might be interesting to observe.

In his computer processing class, as one of his in class assignments, Carson had
created a multiple choice question which asked which video game system was the best.
Four possible choices were listed; "Genesis"4 was considered the right answer. When
asked about this Carson stated that he had this system at home so he made this the correct
answer. Carson was asked to describe his current program, another of the in class
assignments, in which he was to create a program which asked the user of the program to
drag an object to a prespecified location. The object to be moved and the location of the
final movement were up to Carson to create. He described his program: "You are
supposed to drag the prince (the hero) up the mountain to save the princess. And then a
dragon comes out and this guy is supposed to kill the dragon and they live happily ever
afterwards.”" This project was to become Carson's living essay. Carson's description of
his project and his interest in video games led the researcher to ask if the program he was
creating was similar to the electronic games he played. Carson responded that 'l got some
of my ideas like the knight and the mountain move from a game 1 played." However he
said that the story of the knight and the princess was mainly his own creation. In Carson's
game many graphics were provided. These graphics faded in and out, sometimes
appearing to interact with each other because of the fading. He was asked if these
procedures were also present in games he had seen. Carson responded "1 don't think so. I
think it just looks nicer if I put it in fade in and stuff instead of just nothing."

Carson had been observed demonstrating his projects to friends from outside this
class during lunch hour. "I ask them how to draw these pictures, how to do shadings. and
stuff like that. More like drawings and things." It seems that he uses these friends as
advisors for his graphics generation. When asked what kinds of things he was making in
AP Carson responded that ""Authorware [Professional] is too slow for making good games.
Average games yeah -- it's good. Just basic games." He was asked if the story he was
making could be a game? He responded 'yeah." He described the object of this game:
*To save the princess and kill the dragon." Since Carson had not yet created this part of the
program he was asked to describe it: "Dragging the prince out of nowhere and then the
princess tells the guy that the dragon's weakness is the neck or something so then I'll get
the guy to throw, to drag, get user to drag the sword to the neck of the dragon and he
dies." Carson was asked what he would tell his family about his school project. He stated
"I would say making stories, drawing pictures, and stuff. T will probably print out hard
copies so I can show them what it looks like."

Where did the ideas for this living essay come from? "From games I played and
from stories I read. Fantasy novels. There is always a hero saving a country, saving a
princess, fighting off evil, and all that stuff." From where did the idea of the dragon
emerge? "Well I think it's from a game I played. Well my whole story is based on that
game | think." He described the game he had seen as one of pure commands and no action
on the part of the user. He said that he "liked the story." But is Carson's story like this
game? "No. ... The style is totally different. ... My story is pretty straightforward I think.
You just have them drag the person up the mountain and drag the sword into the dragon's
mouth. I think even a child could do it." He describes his story as suitable for use by

4 Genesis is a video game system produced and distributed by Sega Systems, Irwin Toys, Inc., Toronto.
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children "if there were more things to do. Mine just has two things to do and the rest are
just like reading the screen for what's going on."

It seems that Carson believes in the need for interaction as an important aspect of
computer design. This is an advanced understanding for someone so new to the design of
computer programs. But Carson complained about the style of his living essay. describing
it as repetitive. To eliminate these problems he would "leam some new techniques first so 1
can pick from a wider variety of techniques. If I am to do a new one 1 would put, make it
look more animated like those games I have." He would incorporate "smoother animations
instead of just zooming in and zooming out, zooming in. 1 want to make it look like it
actually moves. Like first I move my left foot and then right foot, left foot, right foot. 1f it
[the character in the story] attacks then it approaches instead of just dragging the sword into
the mouth [of the villain]. Something like that." Carson referred to his productive efforts
as a story.

C:Irson was asked if he saw himself as an author in writing this story?
" o.H

'""You weren't being an author when you were writing this story?"

I didn't feel like being an author when I was doing it."

"What would you call it? It wasn't like being an author. What was it like?"

"] feel like a programmer."

"A programmer. So what you are really creating then --"

"Was a program. ... That's why I like Authorware [Professional]. Idon't mind
spreadsheets and stuff in 20a [computer processing applications course]. 1 just like
Authorware [Professional] because 1 find it's like the closest to being a program land]
Pascal. Spreadsheets are totally different from programming. It's just doing
assignments."

"Well you were just doing assignments in Authorware [Professional] weren't you?"

“But you feel like being a programmer. 1 like being a programmer."

"So it's the way you feel when doing Authorware [Professional] that's different
than when you are doing a spreadsheet?"

"Uh huh."

"So the feeling when you are doing a spreadsheet is?"

“T just want to complete this assignment, get good marks on it so I can get good
marks on the report card."

"And that's it."

HYeah."

“But in Authorware [Professional] it's different?"

"Yeah it's different."

"How is it different? If it's not just that what is it?"

"Like in spreadsheets and stuff you are more restricted. Like if they should give
you this assignment, like this inventory and stuff you are supposed to type this into a
spreadsheet. Like that's very restricted. You can't do much of it. Can't do more with it.
In spreadsheet you get to do more." '

"In Authorware [Professional]?"

'""Yeah, I mean in Authorware [Professional] you can do whatever you want."

"Even though the assignments are set for you?"

"See like the living essay is not very set. You can do anything you want."

"What type of things can you create in Authorware {Professional]?"

"A living essay ...a movie if you have the ime tgdoit...and a non-fiction story.
... 1 think it's just something of your own creation. Something you made all by yourself."

Further Perceptions of the Living Essay and Its Creation

Based upon these earlier interactions with Anne and Carson it was decided that it
would be interesting to explore what other students thought about the process of creating a
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living essay. The researcher had often acted in a teacher role during classes. As aresult
the researcher frequently interacted with students in regard to their assignments. Sufficient
trust in the relationship between researcher and students had been developed to enable the
researcher to request interviews with three students as they embarked upon the creation of
living essays. Each of these three students was asked a number of questions about the
living essay and the creation of it. Excerpts were drawn from transcripts of the discussion
which enhance the view of living essays provided by the previous students. Other text
from the transcripts was omitted to save space.

Steve - 'A designer of his own program about the space shuttle’

Steve had just begun creating his living essay after completing the class
assignments. He was asked "What is that you will build through the living essay? What
will you create?” He described his ideas for the living essay: "It's going to be all about the
Kennedy Space Center and Cape Canaveral - it will have a picture of the space shuttle and
the different cargo bays and in a large area it will have intimate little key notes about it - you
know, kind of interesting stuff that people might want to remember about the space
shule."

"Where did your ideas for this living essay come from?"

"I'm just thinking about what I can do that is kind of interesting because I have a
book at home all abou: Kennedy Space Center and that is where I am getting all my
information and it's all up-to-date - it was printed last year. 11like it - it's really interesting
stuff. so I thought 1 may as well do something that I like, maybe put that little more effont
into it."

"Why choose this topic? And what will the living essay be like?"

"it's fun - ask people about what they want to learn about - like, trying to set itup
so you can ask the person if they want to see a space shuttle or information about it"

"Are you an author when you start doing this?"

"I guess you could be....but an author doesn't necessariiy mean you're writing a
book. a novel, or a short story. I'm designing my own program, 1 guess you could say,
so I consider myself an author.

"Are you a programmer?"

"In a way, yes, not as if I'm setting up my own program because I have things laid
out for me. like, see my question icon automatically comes up with what kind of question it
is. click/touch, drag, text so 1 don't have to set up everything by myself - there's a basis
already there.

"So it makes it less of a programming task because of those basics?"

C'Yeah.ﬂ

"Are you like a director of a film?"

"Yeah. basically, because 1 decide what is going in there. 1 decide what I want.
what I want to cut, what I want to add to it."

'"We've talked about programmer, director, author. Can you think of any other
things that there might be in this process?"

"Designer. Designing my own program in a sense creator, basically. Iguess that's
about it."

Tracy - 'A teacher creating a story'

"What is that you will build through the living essay? What will you create? "

"A storyline. ... Basically a story using pictures and words. ... I was going to doa
modem version of Goldilocks and the three bears. ... It's called Tracy and the Three
Babes. ... 1 had to modemnize it - I'm going to follow basically Goldilocks story line but it
will be more revised. You will have options of where to go - if you want her to go into the
house or go for a walk - so you can choose which story."
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"When a user chooses where 10 go in the story what kinds of choices can she
make?"

"Probably what happens to Tracy - yeah, what events she wants to take place and
the ending of the story."

*Where are vour ideas for the living essay coming from?"'

"The ideas? Probably from my other programs - all the other drawings and that
glrus. I don't know. just everything that I have learned from class ... like the click and

ag.ﬂ
) *What will it be like to create this thing - will it be like you being an author writing a
story?"

"Yes. 1 think so. ... Like a children's story because you're doing your own
illustrations and you can do them any way you want - you don't have someone telling you -
you don't have a publisher telling you. It's like your own - you're using your own
imagination.

"Would it be like directing a film and you are the director?"

"Yeah. because you're telling the computer....yeah, you're using sound sometimes
and the pictures might be moving so you're directing it where to move."

“Is it like you are creating a program and you are a programmer?"

"Yes. I would think so. Well. you have to put the commands into the computer and
you have put the choices into the program so that when the people go all they have todo is
move the object wherever and the computer knows where to go next so you have to
program that all in."

"So it is like programming so in this you are like a programmer?"'

"Uh huh."

"You're like an author?"

"Yeah."

"You are like a director. Anything else - can you think of anything else you might
be in this process?"

"You're kind of like a teacher because you're teaching the people how to use it.
You're giving them an idea of what you can actually do on a computer."

"When you write this program. it's a teaching program?"'

"Yes. 1 think 1 could help people to read if there are words to it. I think you're
teaching people about Authorware [Professional] because you're letting them know that
there is such a program out there."

"What kinds of things about Authorware [Professional}?"

"Well. hmmm. the different options you can do - flowcharts, all the icons in there,
that you are able to do all these different choices, and that you can move things on the
screen without the whole screen moving. you can change stuff, things you can't do on a
regular computer program."

Nadine - 'A camera person recording an interactive shopping sequence’

Nadine has not yet begun to create her living essay but has begun to think about it.
She describes a "mall idea - a person walks into the mal! and then they can walk into a
shop. ... Jerseys or skirts or whatever, whatever the store is called.” And what would
happen in the store? "The cashier would ask if she could help you. ... It will be a big
project. It's going to take some time and it's going to take some revision -- 3ust like any
other assignment.”

"Will it be like writing a story? Is that what you will be doing?"

"I don't know. I dont know if I will put it in a story format or that a person will
just walk in and it will start talking "Can I help you? Would you like to see this tennis
racquet or this shirt?"

"Do you think it will be like directing a film in a mall? Would you be more of a
director?"
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“Yeah, except I wouldn't be in first person. ... It would be like ... videotaping a
movie, like, the person who holds the camera, an on-looker. ... You get to choose icons."

"Is creatin - a living essay -- is that like writing a program?"

"Yeah, detinitely. Except you're writing a program from a program, based on
instruction, so like it's not all from scratch. You're writing your own program - it's like
using your own skills."

"You said it was based on instruction. How is it based on instruction?"

"You know, like the stuff that we learned in class, like it is based on the booklet.
based on the whole program itself, like Authorware Professional” and the computer
assisted instruction provided to students in class.

“So you're not sure if it will be like writing a story?"

“It's going to be more interesting [than just writing a story] ...because you have to
add the pictures and like, whether I rate a story or not, it has to be based upon a story, like
you have to have an idea and it's kinda like a story, you know, you have to have a main
idea and then you go on to the characters, the scene, ... You're doing a whole program not
just doing parts of the program -- you're like taking all the information and you're putting it
all together.”

Interpreting the Interviews

It seems that several important aspects emerge from these discussions with
students. These include a se.use that the environment of AP through which students
developed living essays occasioned the use of the visual sense. This was evidenced for the
researcher in the need to record the computer screen through which students worked. In
listening to early audio-taped of students' talk the researcher could make little sense of their
discussion. However, when the video-tapes were viewed the discussions in which
students engaged were understandable. Also from the video-tapes it was noted that
students often made pointing references to the computer screen in referring to their
computer programs. They were making visual references.

Students extensively involved themselves in interacting with the images they
generated and perceived. They took action upon these images by modifying them and
animating them across the computer screen. The process of image development was
dynamic. Often images they developed were modified, redrawn or rejected.

Students' perceived themselves as active in the process of developing the living
essays through their development efforts. They were authors, directors, programmers,
designers, teachers, and camera persons. Each of these is a dynamic active profession
through which expression of creative efforts is enabled. Students see themselves in these
active roles. What view of the computer emerges from these roles?

Modes of Computer Usage

Eaton and Olson (1986) define two modes of computer usage as '‘computer as
subject [of study] and computer as instructional too}" (p. 342). In the first case computers
may be viewed as the subject for discussion with interests in hardware, software and
general and specific use applications being the focus. The students in this study were
enrolled in a computer processing class in which they were introduced to the Macintosh and
the local area network connecting the computers. Students learned how to save the
products to hard drive and diskette. They learned to navigate thrcugh the computer
networks to acquire graphics in order to complete their assignments. In the initial activities
of this course students were introduced to the computer as the subject of study. However
this leamer usage was not predominant through the course of student use of the computer.

The second mode of computer usage is as a tool to assist in acquiring concepts
within a content area as Eaton and Olson (1986) indicate. In this study, students used an
instructional package to acquire concepts in the use of AP. The instructional package was
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composed of instructional simulations (IS) and a booklet of activities. The IS were
developed in a style that has been described as "like watching over the shoulder of an
experienced programmer using AP and the programmer describes what is being done". An
effort was made to include a conceptual framework within the 1S. The focus of these
efforts was to encourage students to think of the concepts they were learning rather than to
focus on the skills alone (although skills were also taught). As an example, consider the
concept of icon. Although students were introduced to the specific use of each type of icon
and the parameters set within each, it was deemed important that students have a concept of
what an icon, in general. is used for, that is it stands for the commands executed when the
student's program is run. So the instructional simulations could be seen as instructional
tools.

To encourage students to become more actively involved in developing concepts
activities were interspersed between the 1S. This allowed students to refine and practice
skills and to develop concepts through actual experience with AP. The student was less
passive than if asked merely to read and answer questions. However this student
involvement was still externally directed and actions were intended to be those defined by
the assignments. The activities in which students engaged could be interpreted as
extensions of this tool usage, however this did not seem to be the case for students creating
living essays (students' own autonomous creation in computer program form). These were
based upon what students had learned and experienced in the instructional simulations
about AP and based upon their perception of the open-ended assignment and the
possibilities within the AP computer environment. Students acted upon the AP
environment and acted within it. The environment responded in predictable ways based
upon its structure. Students explored this structure through their creative efforts in
developing their living essays.

How did these students understand their living essays? In Anne's discussion of her
story she has begun to see her living essay as both a video game and a television program.
When Carson was asked what kinds of things he was making in AP, he responded, “Just
basic games" with the object of his game "to save the princess and kill the dragon.’”” For
Tracy the living essay was "A storyline. ... Basically a story using pictures and words",
whereas, Nadine's project seemed to be about structure rather than story. It had a very
different flavor than some of the others as she intended to make it an interactive system
which would simulate some shopping activities. Steve's essay was to inform others about
information in regard to the space shuttle and Kennedy Center. Although the assignment
for each student was conveyed to them by the same teacher discussion and the completion
of the assignment was to be based upon the same instructional package each student had a
very different conception of the assignment. It was a television program, a video game, a
story, an information package and an interactive sequence.

How did these students understand their experiences of developing living essays?
When students developed their living essays they seemed to view the computer and its
usage as something beyond subject of study or instructional tool. This use of the computer
was as an expressive environment through which they could develop and express their
ideas through creative actions. They did not make use of the computer in a way that can be
characterized in a simple mode. Anne emphasized a sense of autonomy and personal
involvement. She also had the freedom to incorporate events and characters in her story
without having to consider others. Carson also expresses this theme of creative action in
his statement: "In Authorware [Professional] you can do whatever you want." Steve
describes the process of developing his living essay: "I'm designing my own program ... |
decide what is going in there. Idecide what1 want, what I want to cut, what I want to add
to it." Tracy expresses ownership and creativity: "It's like your own - you're using your
own imagination.” Although each students' definition of the project and activities differed
the resulting experience was of active and creative involvement.
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We are continuously immersed in this network of interactions, the results of which
depend on history.  Effective action leads to effective action: it is the cognitive
circle that characterizes our becoming. as an expression of our manner of being
autonomous living systems. (Maturana & Varela, 1987, p. 241)

Technical and Nontechnical Experience of Computer Technology

Ihde (1979, p. 55) describes the "technical" experience of technology in which "one
is relating directly through a machine to something in the world, or one is relating fo a
machine as something directly within my attention within the world." When one executes
one of the stories that students have created the experience of the story is through the
computer. Students also create their stories through the computer. The computer mediates
the experience of story creation. For example, Anne began a story about a bear. But the
image of the bear existed in a computer program prior to her decision to write a story of a
bear. This computer image of the bear became the image of her bear in her story. The
second technical experience of technology is relating to a machine as a quasi-other. There
does not appear to be any evidence that the computer or its software was a quasi-other to
which students related. Ihde (1979, p. 55) might have expected students to respond to the
computer as a quasi-other when he states "a good amount of the rechnical experience of
computer technology is of the second type."

Ihde (1979, p.56) distinguishes the "nontechnical" experience of technology as
evident through "computer technology ... [which] is somehow both '‘behind the scene' and
yet also 'active'.” The computer software in which students created their stories was often
active behind the scene providing students options and features from which they might
choose and allowing students actions of typing, drawing, capturing sounds, etc. but
limiting possibilities to those admissible by the interface and the software features. Thus
true animation was not possible for Carson although he would have liked this to be
possible.

Ihde (1979, p. 63) states that "the technical user enters into a 'dialogue’ with the
computer ... with a sense of both control (I set the program) and limit (within the limits of
the computer's restricted language capacities).” Students have certainly experienced the
control of their programs but have been restricted to the possibilities made available to them
by the interface and the software. Nadine stated that she was creating a program while
within a program. She also emphasized the technical skills she would incorporate in
producing this program.

For Steve, as a designer, it is important to "ask people about what they want to
learn about -- like, trying to set it up so you can ask the person if they want to see a space
shuttle or information about it." He would build the interaction to provide users with
conwol on sequencing and choice. Tracy echoed this sentiment while describing her
Goldilocks story: "You will have options of where to go -- if you want her to go into the
house or go for a walk -- so you can choose which story.” Users can also choose events
for characters and an ending to the story, assumedly from a set of possible choices: 1)
"what happens to Tracy", 2) "what events she wants to take place” and 3) "the ending of
the story." Anne's statement "in a video game you can move your man just the same as |
can move the fish or the bear [in my story]" implies that motion and interaction are both
possible and important aspects she incorporated into her story while using AP.

Carson emphasized the need for user interaction in order for a program to be
successful. He felt his product was insufficient in this regard. He described his story as
suitable for use by children "if there were more things to do. Mine just has two things to
do and the rest are just like reading the screen for what's going on." To improve his
program Carson would improve his technical skills, incorporate more graphics, and
incorporate animated sequences which would simulate action on the part of characters.
Many graphics were incorporated into Carson's work. He used fading and zooming
effects to make these graphics appear and disappear, often creating the illusion of one
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fading into another. In regard to these graphics he stated: "I think it just looks nicer if 1 put
it in fade in and stuff instead of just nothing." Carson seems concemed here with the
aesthetic appeal of his program, another feature of both software and interface design.

Donald Norman states, in an interview with Rheingold (1990, p. 8). that "the usual
concemns of interface designers—creating more legible type. designing better scroll bars.
integrating color and sound and voice-are all important considerations. But they are
secondary. Improving the way people can use computers to think and commuricate,
observe and decide, calculate and simulate, debate and design-these are primary."
Norman's list of computer uses seems to imply that a change in the quality of computer
uses must occur. Norman (1990, p 216) states that "an interface is an obstacle: it stands
between a person and the system being used. ... How can anything be optimal if it is in the
way, if it stands between the person and what needs to be done?" In Norman's example
the computer is an intermediary between the user and the task. It separates them. This
obstacle must be overcome in order to be productive. Perhaps the implication is that the
development of skill and knowledge is necessary in order to succeed. And perhaps expert
or knowing assistance is necessary to succeed. But was the interface involving icons and
flowchart a barrier to these students? An effort was made to introduce students to the
interface and provide them opportunities to interact with it in order to understand it. The
interface may have seemed to be more of a window for action than a barrier. The task of
producing the living essay for Steve was like being a programmer using a library of things
already created: "I have things laid out for me, like, see my question icon automatically
comes up with what kind of question it is: click/touch, drag. text, so 1 don't have to set up
everything by myself - there's a basis already there." Although Steve may be unaware of
it, programmers have libraries of programming tools to draw upon. It is not an uncommon
practice among programmers to use these libraries to make the task of program design
easier. Steve seems to have a sense of this in his statements. Have the icons and
flowcharts restricted his efforts? This doesn't appear to be the case.

The Transformational Experience of Computer Technology

In a discussion of "the existential import of computer technology", Ihde (1979, p.
53) states that ""the experiences of technology is non-neutral, it transforms experience."
But in what ways does it transform experience? Anne's work was not only based upon
creative action but it was her own ORIGINAL work. "If I would have done something on
the Olympics [as originally outlined in the description of the assignment] ... 1 would just be
repeating news but I wanted to be creative and doing this bear, that was original." Steve's
essay was to inform others about information in regard to a topic of his personal interest: "'l
like it - it's really interesting stuff, so I thought I may as well do something that 1 like,
maybe put that little more effort into it." Both students had the opportunity to make a
choice to do something that each enjoyed.

For these students their views of themselves as they develop these computer
products seem to influence their developments. Carson stated that "1 didn't feel like being
an author when I was doing it. ... I feel like a programmer. 1 like being a programmer."
'n producing his living essay his creation: "was a program. ... That's why I like
Authorware [Professional]. ... I just like Authorware [Professional] because 1 find it's like
the closest to being a program [and] Pascal."

As a designer of his own program Steve is an author. "An author doesn't
necessarily mean you're writing a book, a novel, or a short story. I'm designing my own
program, I guess you could say, so I consider myself an author." Steve also described
himself in the process as the "designer designing my own program, in a sense [a] creator."

Tracy is a programmer because she must structure the program and make decisions
of choices to provide in her program and of interactions to build for user involvement.
"You have to put the commands into the computer and you have put the choices into the
program so that when the people go all they have to do is move the object wherever and the
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computer knows where to go next so you have to program that all in." She also sees
herself as a teacher. "You're kind of like a teacher because you're teaching the people how
to use it. You're giving them an idea of what you can actually do on a computer. ... 1
think you're teaching people about Authorware [Professional] because you're letting them
know that there is such a program out there." She also sees the possibilities of being in a
teaching role if she develops her program for this purpose. "1 think I could help people to
read if there are words to it."

As the designer, Nadine is like the camera person recording a movie. She intended
to build options through which to move through the various sequences. "It would be like
... videotaping a movie, like, the person who holds the camera, an on-looker."

Anne sees herself as the director of the TV show that she is creating. Anne stated
that her program was like watching a television show and she ''was the director." She then
described her sense of creative control of this project which may have lead her to make this
statement.

Ihde (1979, p. 56) describes the experience of technology as an "amplification-
reduction-transformation" through which "technologies brings with it a siznultaneous
amplification of certain possibilities of experience while at the same time reducing others".
He continues "computer technology in its capacities is both selective out of the range of
analogues of human experience possibilities, and is amplificatory and reductive within that
selection." The computer interaction inclines particular types of activities through selection
and then amplifies and reduces these possibilities through interaction. So in the case of
these students they had the opportunity to express themselves through the computer
environment in which they worked. Expressive action was both selected and amplified by
the computer experience. A sense of self as author, director, creator, teacher, camera
person, and programmer developed through these interactions.

Students had experiences which were of a very different quality than those that had
traditionally been thought to exist in computer environments. Ihde (1979, p. 59) states that
“the computer in its ordinary usage selects and amplifies our calculational, deductive,
factoral and functional analytic experiences" and produces a "reduction of speech and
language." These students were not engaged in the "ordinary usage" as Ihde suggests.
These students had an amplification of speech and language through the experience of
producing a living essay. They did not have an increase in calculational experiences nor
were their activities typically deductive in nature. The potential for calculation and
deductive actions existed in AP but these students did not engage in these activities. These
students' activities thus were contrary to the "ordinary usage" notions stated by Ihde.
(However it should be noted that Ihde's book was published in 1979 and what was
considered "ordinary" at that time may well not be evident in 7nost computer settings in
1993. The quote should be interpreted in this light.)

Students had the opportunity to take action in a computer environment and express
themselves through the use of image, text, sound, and action. Did these possibilities exist
for these students previously? Have they merely emerged here in amplified form? Or are
these different possibilities which have emerged through students' interactions with the
computer? Prior to these activities students had the ability to incorporate hand drawn
images into text. But the incorporation of this graphic means of expression into a students'
story telling was not likely possible. The characterization of all computing interactions as
merely amplification and reduction of existing possibilities is contested. In the production
of multimedia students have possibilities that were not formerly open to them.
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Commentary

Chapter 3 described the computer as a subject of study or as an instructional tool.
However these two modes of computer usage did not seem to account for student
responses to the AP environment. As a result another mode of computer usage was
proposed, that is, the computer as an expressive environment through which students
develop and express ideas through creative actions. Students' experiences seemed
therefore to be beyond these initial modes of usage.

Students' experiences of the AP environment were discussed in regard to Ihde
(1979). He distinguished both "technical" and "nontechnical" experiences of technology.
From a technical standpoint one relates either 1) rhrough a machine (computer) to the
world, or 2) 7o a machine (computer) in the world. The 'nontechnical" experience of
technology is evident when the computer is active behind the scenes. Another important
characterization which Ihde notes is that technology, the computer being one example. is
not neutral in its effects upon users of the technology. Ihde proposes that there is an
"amplification-reduction-transformation" through technology in which some types of
human activity is amplified while other are reduced. The AP environment with its graphical
interface occasioned students to act in particular ways (using the mouse interface device to
make changes to their programs) while reducing their likelihood of functioning in other
ways (inputting text to take action in the AP environment).

Chapter 3 described and discussed student perceptions of the activities in which
they engaged while developing a living essay. It seems that several important aspects
emerged from this discourse. These include a sense that the environment of AP through
which students developed living essays occasioned the use of the visual sense. Students
were extensively involved in interacting with the images they generated and perceived
through a process of development which was dynamic. Students perceived themselves as
active in this process through their development efforts. They were authors, directors,
programmers, designers, teachers, and camera persons. Each is an active and dynamic
profession through which expression of creative efforts is enabled. Students saw
themselves in these active roles.

What activities were students involved in through which they developed such
perceptions of their activities, themselves in the activities and the computer? Chapter 4
addresses this question through the description of two students interacting with AP in
developing their living essays. Provided are rather lengthy cases (in case study format) of
two high school students who used AP in a computer applications class. The approaches
and methods they used and developed are described in the next chapter.
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Chapter 4
Case Studies of Students' Embodied Actions with/in a Computer Environment

Technological advances have placed high powered production and creation tools in
the hands of novices. This allows for the rapid development of technical expertise and
makes possible opportunities for expression of ideas and creative productions through
interactions and experiences within a computer-enhanced environment. By learning to
control and manipulate the computer environment a student is free to invent within this
environment, explore it, and generate concepts about it. The activities, interactions, and
conceptual frameworks planned and explored through this study were intended to provide
experiences which would allow students to 'bring forth' a view of computing, and
hopefully to see themselves as creators of experiences and generators of meaning in their
world.

This study examines the nature of the interaction of high school computer-siudies
students with the branch of computing studies called icon-based programming. An i¢én-
based programming language called Authorware Professional (AP) was used by students in
this study. Within this context it's important to ask: What is the nature of student creations
when immersed within this computer-enhanced environment? What strategic patterns and
techniques do students use in these productions within the context of AP? What insight
into computing concepts is gained from these experiences? What is the interaction between
the learmer and the medium?

The research problem addressed through this study is the interpretation of human-
computer interactions. These interactions are different for each student-participant
dependent upon their experiences and their interaction with the medium. This interpretation
is articulated and expressed through this study by viewing students activities and
interactions.

Procedures

To address this research agenda an intensive case study methodology was
developed which incorporated video techniques for recording the activities of two high-
school students (aged 16 years) while they interacted with the computer software and
classmates. Seventeen grade eleven students were enrolled in a computer processing class
focused upon the use of computer applications. Three applications were to be used
including a word processor, a spreadsheet program, a graphics generation package and an
icon-based programming language (AP). In this study students were introduced to the
Macintosh computer, completed assignments using the word processor and then used a
spreadsheet program for class assignments. Students had worked at their own pace in
completing these assignments so they began the unit using AP at different times.

Materials and Activities

An instructional package (IP) containing four instructional simulations (IS)
interspersed with eight activities (see Appendix) was provided by the researcher for student
use to explore (and construct) concepts and skills for using AP and general computing
concepts. Following the completion of the IP students created a multimedia computer file
containing graphics, text, animation, interaction and sound. Students drew upon their
experiences with AP and the lessons learned from the IP. Possibilities within the computer
environment enframed their work. Students incorporated story lines and characters of their
own creation into the productions. The teacher in the classroom called the productions
living essays'. This term may have lead students to incorporate story lines and characters.

Through the IP students were encouraged to form hypotheses about manipulating
and performing tasks, to test them, and to interact with the computing principles involved
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in a creative way. During the study all students used the four IS as part of their regular
class progression. After completing the first IS entitled 1. Introduction" students
completed Activity 1 which allowed students to create a program based on what they had
learned. Students were directed to create screen displays of objects. to erase screens they
selected and to incorporate pauses in the program. Fade or zoom effects were also to be
incorporated into the displays and erases. The second IS entitled "2. Introduction to
the icons" introduced students to icons and particularly to the method of creating loop
structures in AP. After this lesson students were provided Activity 2 in the form of
worksheets which displayed 'screen images' similar to those they had just seen. They
were asked to describe (and in some cases draw) the dynamic flow of activity within the
displayed loop structure programs. Activity 3 described a program (loop structure)
students were to build and a list of parameter settings students were to set. Following the
setting of the parameters, students were to predict the outcome of running the program and
then run the simple program and record the results. Students then systematically changed
the parameters, made predictions, ran the program and recorded the results. In essence this
activity was designed to provide strategies for designing. predicting. and testing programs.
Students were encouraged to relate the answers in Activity 2 to the results of
Activity 3.

Following Activity 3 students studied the third IS entitled 3. Multiple
Choice" which taught the creation of a complex interaction and error checking when
creating a computerized multiple choice question in which ‘clicking' upon the correct
answer or entering the answer from the keyboard were both tested. The multiple choice
question was used as the first interaction type because students possessed a concept of a
non-computerized multiple choice question and this conception would be helpful 1o the
understanding of the computerized version. Activity 4 was the creation of a
computerized multiple choice question. Students were encouraged to create their own
multiple choice question and to design error checking to suit the content of their question.

The fourth IS entitled "4. Drag Object" taught the creation of a drag-object
interaction. This involved the creation (or importing) of a graphic which became the object
to be moved. A second graphic was created (or imported) to stand for the destination to
which the first graphic was to be moved. Activity § involved students creating a drag-
object interaction. For example, one student imported graphics of a bear and a salmon.
When the program was run the user was to feed the bear the salmon by dragging the
salmon to the bears mouth. Another student created a question in which musical notes
were to be 'dragged' to an image of a parabolic dish. When the notes were ‘received’ by
the dish music was heard. If the notes were misplaced (not placed on the parabolic dish) an
error message was displayed and another opportunity to place the notes was provided.

The directions for creating a program for Activity 6 were modeled after the IS.
However, instead of seeing the step-by-step dynamic creation of a program by a
programmer, static screen images of the program were displayed indicating the various
steps to be accomplished by the programmer. The conceptual framework was provided by
asking guiding questions through which students were to build their own frameworks.
Students were instructed in the creation of a text-answer response type of interaction. In
Activity 7 students created programs to ask questions and test for correct, incorrect, and
indistinguishable text-based answers.

During Activity 8 students returned to the five programs they had created in the
earlier activities: i) displays, erases and pauses, ii) loop structure, iii) multiple choice
question, iv) drag object question, v) text answer question. These five programs were then
copied and placed into one AP program. With the completion of Activity 8 students had
integrated small interconnected pieces into a complete and relatively complicated program.
A flowchart is provided showing the steps which students took in completing the IP
(Figure 4-1).
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Figure 4-1.  Summary Flowchart of the Instructional Package.

Each of the IS are shown in Figure 4-1 by book-like icons indicating their
instructional nature. The activities, which required students to create programs, are
represented by flowcharts. Activity 1 is a simple linear flowchart indicating the nature of
the flowchart students created. Activity 2 required the answering of questions so is a
picture of a loose-leaf page with answers on it. Each of the other activities involved the
creation of a program with some path (loop) structures so these flowcharts are more
complex in appearance. The icon for Activity 6 uses both a flowchart and a loose-leaf page
to indicate that both programming and answering of questions was required of students.
Activities 1, 3. 4, 5, and 7 are shown leading to Activity 8 as it incorporated the products
of these earlier activities.

Following the completion of the IP students embarked on the creation of a complete
program on a topic of their own choosing. As students embarked upon the creation of their
multimedia productions the only stipulation was that they were to use the concepts they had
leamed and incorporate graphics, sounds, and video sequences into their programs.

Greater definition of the multimedia productions was provided by the teacher as students
progressed.
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Student Cases

Student progress was recorded using two video-cameras with attached
microphones. The initial recording was of the activities of the entire class. The second
recording was of a small group of students in the class. Finally each video-camera was
focused in-depth (for about one month) on one student's computer screen. The cameras
were placed behind one student in the position of 'peering' over her/his shoulder. By
'zooming in' on the computer screen with which the student was interacting the procedures
used were evident on the tape. Student interactions with classmates, teacher and researcher
are audible on the videotaped recording. These interactions are presented as part of the
cases. Each students’ work was recorded over a three week period during which they
developed living essays (multimedia stories) for class. This involved collecting 6 to 8
hours of videotape for each student. Annotated transcripts of these videotapes served as
the main source of "data" in this study. Additional sources of data were provided by

researcher notes, students computer programs, and transcripts of audio-taped interviews
and researcher/student interactions.

Susan

. Susan had begun her muitimedia production by opening a new computer

program file. She placed a display icon on the screen and into it she typed the initial lines
of her essay:

Once upon a time there was a little mouse named Cheeser. As you can

imagine he adored cheese. As a result of his love of cheese he grew very
fat.

Susan drew a simple diagram of a mouse but then erased it. Susan asked the
researcher "Would it be better to write your story and draw your pictures |at the same time]
or would it be better to write your story and then draw your pictures later?"

"Well maybe you want to write some of the story first and then draw pictures and
figure out where you want them in the story and then write more of the story."

"Is it okay to have just three sentences on each page or is that wrong? 1 don't know
what she [the teacher] is asking me to do. I'm just guessing."

"Well, um. What do you think is best? Do you want a whole screen full of text?"

"No-"

"Probably not. Is three sentences too much? Too little?"

"T don't know --"

"] think maybe what you want to put three sentences and then try it. And then
maybe you want to then explore six sentences and see if that's too much or not."

"Okay."

"You are sort of building as you go. Once you get under way I think the answers
to those questions will become clear."

At the computer next to Susan (on her left) a student named Logan had discovered a
sound of someone vomiting. Susan said "Hey I need that sound for my mouse. He ate too
much."

Susan decided she wanted to begin with a picture of her mouse so she saved her file
with one display icon and the introduction to her story in it and then went to Superpaint to
draw. In Superpaint Susan began drawing a mouse by dragging first a round body and
head, then adding a tail and then adding pointed ears. She drew various versions of this
mouse, erasing the previous ones, experimenting with what she wanted the mouse to look
like and also experimenting with various drawing tools available. She saved her mouse in
Superpaint before leaving class (Figure 4-2).
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Figure 4-2.  Susan's Cheeser the Mouse as she began her multimedia production.

Day 2. When Susan entered class she turned on her computer and opened
Superpaint. She copied her mouse and placed it in the Scrapbook. She then opened her
AP file and copied her mouse into her file. The mouse was very big. Susan stated "My
mouse is too big." The researcher responded "1 thought it might be. Maybe you should
save this and then go back to Superpaint and we can shrink it." The file was saved, AP
closed and Superpaint was opened. Susan said to Logan (the student next to her) "I don't
know how to do this. Logan how do you shrink it? Do you know? Logan said "No."
With the researcher's verbal guidance Susan selected her mouse, reduced its size, copied it
to the Scrapbook and saved the mouse image file. She then retumed to her AP file, opened
the display icon with her introductory text, placed the new mouse, and deleted the
oversized mouse which was still on the screen. She then added more text, made minor
editing changes to the words she had typed. and then saved the file.

Susan then returned to Superpaint. She copied the image of cheese she had drawn
in Superpaint and placed this in the scrapbook. She then returmed to her AP file where she
attempted to paste the cheese image into her display icon but the computer software
responded with an error message about not enough riemory. Susan asked the computer,
"What do you mean?" Frustration was evident in her voice. Susan again attempted to
paste the cheese into her picture but again received the error message. She waited for
assistance and then demonstrated the error to the researcher. The difficulty was that the
computer being used had very limited memory capacity. The computer file was saved in
hopes that this would reduce the memory requirements and enable the paste action. This
did not solve the problem. An attempt was made to paste the image into another display
icon which was empty. This was unsuccessful. AP was closed and Superpaint reopened
where the cheese was reduced in size to match the mouse. The entire mouse and cheese
were grouped, copied and pasted into the Scrapbook. A copy of the small cheese was also
placed in the Scrapbook in case it was needed. AP was reopened. The small cheese could
not be pasited. The original mouse was cleared and a copy of the new mouse with the
cheese was copied. The mouse appeared but the cheese did not.

Susan asked ""Could I just draw cheese?" The researcher responded '"Yes. Square
cheese. [AP has very limited drawing options: ovals, rectangles, and lines.]" Susan said
"But cheese is not square." Logan, the student sitting next to Susan said "Block cheese
is." Susan stated "I'll change it to Pizza and draw that."" Susan drew a triangular piece of
pizza and added circles and squares as toppings. She then returned to the icons and
dragged in another display icon. Into this icon she typed in more text:
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Cheeser got so incredibly fat that his doctor ORDERED him to quit eatting
[sic]l so much cheese. (Please help Cheeser with his diet and feed him the
apple.)

Susan then copied another image of her mouse from the scrapbook and added this to the
second display. She drew a table with an apple on it. These display icons were then
moved into a question sequence of the move object type. (At this point the camera has been
moved so Susan's actions are no longer clearly visible thus are not described here.) Susan
saved her file at the end of this class.

. As Susan began she opened her AP file. In this file were the first two
display icons she had placed in the flowchart followed by a question created using an
interaction icon and display icons as feedback. She ran the program but the second display
appeared on top of the first. She placed an erase icon between them and ran the program
again. This time the first display was erased before the second display appeared. However
the first display could not be read as it quickly appeared and was erased. Susan placed a
wait icon before the erase icon so in execution the first display would appear and then wait
until the user pressed the return key before proceeding.

Susan then opened the interaction icon and set the two move object areas. (These
areas are used in an interaction when an object on the screen is to be moved to a particular
region of the screen.) The one move object area she stretched to be the size of the full
screen, the other small one she placed next to the mouse. She then ran the program again
stating "Okay 1 have to see what happens." The first display appeared and was erased.
The second display appeared with text, the image of the mouse and an image of a table.
Then a third display appeared with the image of an apple which was positioned to sit on the
table. The interaction icon indicator opened and the move object areas appeared. AP
indicated that the interaction icon had no text or graphic content and opened this icon
automatically to enable its inclusion. Susan closed the icon and jumped to icons. She
paused without acting and then opened the third display icon with the apple in it and closed
it. She then opened the second icon with the mouse, table and text. Susan then called for
assistance.

The researcher approached. "What's happening?"

"I don't know. I'll just run it and show you." The file was executed as earlier with
the final step being the appearance of the interaction icon indicator.

“"Ah huh. See what comes up" pointing to the interaction icon indicator. "The
question [interaction] icon comes up. That means it is empty. There isn't anything in that
question [interaction] to tell people what to do. You need to put something in."

Susan jumped to the icons and opened the interaction icon. She set this icon's
options. "Don't I have to have my apple in here."

""You already have it in there."

"I know but I don't know where anything is. I'm so confused." Susan executed
the program once more and again was confronted with the interaction icon indicator. She
said "those shouldn't be there' pointing to the move object areas.

*Those won't be once you fill in the question.”

"Where do I put that?"

"Where do you want to give directions on the screen?"

"Right here" pointing to the bottom of the screen. "I'll erase this" pointing to the
text already on the screen as a result of the second icon.

"Where is that? In what icon is that located?"

"I don't know."

"You have [the images and text of] a bunch of different icons all on the screen at the
same time. So I am not sure where they are in the icons."

Susan jumped to the icons.

The researcher asked '"Where are the directions? In which icon?"

Susan opened the second icon in which there was text, the table and the mouse.
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The researcher directed "Cut out the text."”

*Why would I want to cut it off?"

*To put it in the question [interaction} icon."

Susan cut the text from the second display icon and opened the interaction icon into
which she pasted the text directions. Now she executed the file again. This time the
interaction icon did not open but the directions to move the apple to the mouse simply
appeared. The correct response display icon now opened because it did not contain text or
graphic images. Susan closed this icon and continued with the execution of the program.
It finished and Susan executed it again but this time moving the apple away from the mouse
which was an incorrect move. Despite the fact that Susan had created a response icon to
respond to incorrect moves this move of the apple to the wrong location was not detected.
Susan then checked the options set for the interaction icon but made no changes. She
opened the display icons to provide feedback for the incorrect and correct answers and
entered text. She then executed the program again with the incorrect movement of the
apple. However the incorrect feedback again did not appear. Susan opened this icon to
check its contents. The feedback was still present. She checked the options set for this
feedback and then spoke to the researcher.

“The apple's not snapping back." The option set was to have the apple return to the
surface of the table if it was not moved into the mouse's grasp. Susan executed the
program again moving the apple to the wrong region. "See if I go like that it's supposed to
snap back.” Susan opened the feedback and checked its contents. She opened the options
setting for this feedback and changed the option first to snap to center with no effect and
then back to put back. These changes seemed to have no effect. She asked for assistance.
Susan stated as she executed the program. 'The correct one works but not the wrong one"

The researcher responded "we are still in the question. You haven't told that wrong
response that it's the apple that's being moved."

"So what do 1 do?"

'"What we'll do is we'll keep our finger on the shift key so the screen is not erased
and we'll jump to icons.” Susan performed these actions. "And now we'll open the artow
part of the move object. Yeah" as Susan pointed to this icon and selected it. "Notice at the
top" of the options box which appears it says "Drag object to the target position.” Susan
moved the apple and the move object indicator box changed position. "Now you need to
change the size of the box" so that the entire screen is the wrong answer region. Susan
stretched the box to the edges of the screen. "Click okay and we'll try it." Susan clicked
on OK. "You have to tell it which object is being moved or it doesn't know it otherwise."
Now Susan executed the file and it ran as desired. When the apple was not placed in the
mouse's paws it was moved automatically back to the table and the message appeared
Please put the apple in the mouse’s paws. When the apple was placed in the correct
position feedback appeared affirming the move. Susan then added another feedback loop
for times when the wrong move was made three times. She then removed this response.

Susan now added a sound icon to the end of her flowchart so that when the correct
answer was entered it would play. But she positioned it after the interaction icon which
meant it played after the question had disappeared. She changed her correct answer
feedback to a group icon and then placed the sound icon inside it. Now the sound would
play as the text affirmation of correct action appeared. She executed this sequence and it
worked. She then placed two erase icons at the end of her file to erase the image of the
mouse and apple. The question was finished.

Susan then began a new phase. She added a display icon to her flowchart and
began entering text

Cheeser was doing very well on his diet and seemed to be losing weight.
All his friends were very proud of him, so they gave him presents.
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She added a copy of the image of the mouse but then deleted the mouse image and saved
her AP file. She opened Superpaint and drew three gift-wrapped packages next to Cheeser
the Mouse (Figure 4-3). Notice that Cheeser is much thinner in this image. She grouped
these images, saved them and copied them to the scrapbook. She then reopened her AP file
and placed this image into her new display icon. She placed an erase icon after this display
icon to erase it. She executed the program, saved it and shut off her computer as class was
over.

As Susan began working the following day she executed her program to see its
functioning. She then dragged a wait icon into her flowchart between the image of the
mouse and presents (Figure 4-3) and the erase icon to erase this image. She executed the
program again to see its functioning with the changes. This time a pause occurred before
the image was erased. She then jumped to the icons again and placed a display icon at the
very beginning of her flowchart. She created a title page within this display icon which
read Cheeser the fat mouse. Various text fonts. sizes. and positions were attempted
before she found an acceptable format. She then added an erase icon to follow the title
page and set it to erase the title page. She then added a wait icon after the erase icon. She
executed the program. It displayed the title page and erased it by fading it out slowly then
paused with an empty page. She executed the program again. This sequence was repeated
but she let the program run until it displayed the beginning of her story. She then jumped
to icons and deleted her wait icon. She executed the program again.
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Figure 4-3. Susan's Cheeser the Mouse receiving gifts.

Now Susan noticed Logan next to her had begun working with graphics. Susan
asked him, "Where do I import them from?" She jumped to icons and saved her program.
She quit AP. On the desktop was the icon for her file called fat mouse which contained the
first image of the mouse she had drawn. She double-clicked on this icon to open it and the
image of her fat mouse appeared in Superpaint. She closed Superpaint and her fat mouse
image. On the desktop were various files containing applications.

In regard to Logan's screen Susan asked "How do I get there?" She opened a file
folder named Superpaint and in it was the icon for this application. She asked Logan
"Which Superpaint do 1 go to?"

Logan said '"That one."



Susan opened Superpaint by double-clicking on the icon. She then chose to open
from the pull-down menu. She retumed to a listing of files on the hard drive which she
could open. She then asked Logan "Now what do 1 do?"

"Now go to drive" an option button which appears on the screen but which was
inactive at this time. "Oh you can't. Well go to Macpaint" a file on the hard .Jrive which
had some graphics in it.

Susan selected the Macpaint option but the drive button was still inactive.

"Oh you don't have another drive on here." In order to find the graphics one must
connect to the file server's hard drive through the chooser under the apple menu.

At this point the researcher happened by and Susan asked "How do I import the
graphics?”

The researcher responded with the question ""Where are your graphics?"

"I don't know."

'"What graphics are you using?"

""The ones that everyone else is playing with I guess."

"Have you gone to the MacB [file server] to look at the graphics?"

“No that's what I'm trying to find."

"Go up to the chooser and connect to MacB."

Susan used the chooser to connect to the file server named MacB. Once this was
accomplished Susan could use the open choice in Superpaint and select the MacB drive and
pictures were available. She began looking at different images from those provided. She
looked at an old farm truck and a shack to which she tried making some editing changes
with the paint brush. She then closed Superpaint. She asked the teacher Do you have to
import graphic: for it [the living essay]?" She was told that it was required. She reopened
Superpaint.

The researcher asked, "Did you find what you want?" _

Susan responded, "No. I'll have to look again 'cause there's nothing I want in
here. Ihave to find something -- Nothing to do with my story." Susan found a large list
of images. She commented "But none of these go into my story. She [the teacher] said 1
have to put one of these in my story. None of them belong there. Well maybe I'll use the
church. But it doesn't have anything to do with my story at all."

The researcher asked "Is there anything else that might fit?"

) Logan piped in "How about Cheeser [the mouse and main character] goes into a
car?"

Susan asked '"Why?"

The researcher asked "Well why do you have to import these? There have to be
more graphics."

Susan opened an image of a car and said "well let me see maybe I could fithimina
Caf."

The researcher said "Maybe behind the wheel or something. That's a pretty big car
too."

““Zan we meke it smaller?"

Logan said ""Yeah you can."

The researcher suggested "You will loose a lot of the detail but you can."”

Susan asked "How?"

The researcher said "You are in paint so circle it." In other words, choose the
image you wish to shrink.

Susan selected the car image and then used scale selection to reduce the image of the
car to various sizes. She then asked "Can you put it sideways?"

Logan answered '"Yeah."

Susan began making selections of Flip Horizontal and Flip Vertical and saw the
car upside down and a mirror image of it's previous image. She then selected rotate and
the car turned on its side to which Logan laughed and Susan said, '"That is not what I
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wanted to do."” She selected Undo and the car returmned to its previous orientation. She then
closed the file. She opened other images and then opened a goat. She shrunk this image to
50%. She said, "He [Cheeser] can have a friend names Mr. Mountain Goat or something."
Susan copied the mountain goat image into the scrapbook and closed Superpaint. At this
point the class was over.

Day 4. As Susan retumned to class the following day she opened her AP program.
Now Susan noticed that the icons in her flowchart extended to the bottom of the screen so
there was no longer any room to add another icon. She asked "1 have to get down here
though'' pointing to the below the bottom of the screen.

The researcher asked "It's getting too big right?”

*Right."

“'Select the title page and the other icons' pointing to the initial list of icons "and
group them."

Susan selected the initial list of icons and chose the group option from the pull-
down menu.

"Remember when we were doing this" making a program "we did something like
this" dragging in a decision icon "and then we dragged in these" dragging in the group
icon. The researcher then put things back the way they were and suggested that Susan
"Try it"".

Susan dragged her decision icon onto the flowchart and placed her group icon next
to it. She set the group icon options to erase before next selection and then executed the
program. She returned to the icons and tried to select the next 4 icons but the group
command was inactive. Susan had selected an interaction icon as part of her selection of 4
icons but had not selected the display icon answers to the interaction so the group command
was inactive. Susan was not aware of this as she tried it again. So she placed another
display icon at the end of her flowchart and opened it. She selected the text tool but the
cursor was very large. She checked the style of the text and found it to be very large. She
closed the icon and opened another in which she had placed text. She checked the style of
text here and then returned to her new icon and made the same selections. She then entered
new text for her story.

Cheeser finished opening his gifts. AIll his friends went home, so he
decided to take a better look at his presents. He got 2 new book from
his friend the rabbit, a new pair of mittens from his friend the elephant
and a new cook book from his friend the robin.

She opened the scrapbook to find an image and flipped through all the contents of the
scrapbook. She found the image of a wine bottle and balloons. She then returned to her
image of the mouse. She closed the scrapbook. She opened up her icon containing the
mouse-with-presents image which she selected and ungrouped. She copied the mouse

image into the scrapbook. She opened an icon and pasted the mouse into her icon.
Because the image had been ungrouped when she attempted to move the icon around it the
image was changed rather than moved. Susan exclaimed "Oh no." But she deleted it and
placed a new copy of the mouse image into her icon. She then drew an object in the
mouse's paws but deleted it. She then asked Logan ""Do you remember where the program
opened a book?"

Logan responded, "Yeah that's under movie."

"How do I get there?"

"Go to icon. Drag that thing" pointing to the movie icon "onto the line."

"Oh yeah." Susan dragged a display icon to the line but it disappeared off bottom
of the screen. Susan placed a group icon in the middle of the icons, opened it, and placed
the movie icon into it. She chose the image of an opening book as her movie and moved it
so it would appear to be in the mouse's paws. She executed her program which ran
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properly but the book page just kept turning. Susan opened the icon for the movie and
changed the options to wait until done and asked "How do you get this to end?"

Logan asked her to execute her program and said "You've been doing all this.
Holy smokes" as he watched the execution of the file. Later he said "Cool!"

Susan then said "It's the next one.” The program sequence in which the book was
tymi=> appeared but the mouse did not appear. Susan asked "Where's the rest?"

Logan selected the pause option and dragged the image of the book around on the
SCIC.: 1.

'"No I want it on a different page."

"What do you mean on a different page?"

Susan used the jump to icons command and opened the group icon containing the
movie icon. She ungrouped it. But then she said "There is another thing there" pointing to
the bottom of the screen. '"There is another one of these" pointing to the display icon in the
menu of icons. "I've lost it."

Logan asked "Is this the third page?"

"It's the fourth page."

Logan pointed to two icons appearing higher in the flowchart and said "If you
group these iwo. You have to start grouping.”

"I did but 1 lost one of them."

"No it's still on there" it just can't be seen.

The researcher was watching this interaction. She showed Susan that she could
group the icons by selecting them. Susan began to select the four icons as she had
previously. The researcher suggested that she had to capture all the icons to the right of the
interaction icon.

Susan said "Oh that's why it didn't work." This time the group option was
available and Susan was able to group these images. Susan said, "Oh", and pointed to the
screen on which now appeared her fourth page icon.

The researcher suggested 1) that Susan drag her new group icon up to the decision
icon so that it would contain the first and second pages, 2) that "the fourth [page] isn't lost
it's just we couldn't see it", and 3) that Susan drag her third and fourth pages also to the
decision icon.

Susan executed these suggestions and then they set the options for each of the
pages to erase before next selection and to pause. Susan then executed the program as she
said, "I didn't hardly do anything this whole class."

As far as adding new pages to her story Susan did not accomplish too much. But
she completely reorganized and restructured her program. This is a major programming
activity but did not accomplish major changes in the story, so this may have appeared to be
“hardly doing anything."

Now Susan executed the program. After the first page the return button appeared
on an empty screen. Susan stated, "'l don't want that there. Before it just went on to the
next page.” She pushed the return key and the program ended to which she responded,
"Oh it's over?" Susan used the jump to icons selection and returned to view her icons.

The researcher pointed to the icon for the first page and asked Susan ""What would
make it go to the first icon and quit?"

Susan opened the decision icon and changed the options within this icon to until all
selected. She then executed the program again. At the end of each page was an extra
Return key to which Susan responded, "I'll have to get rid of those." When she got to the
end of the program the book just kept turning. She said "It will never end now." She
jumped to the icons and saved the program as the class was over.

Day 5. Susan began this class by executing her file. She ran the file until the first
return key appeared. She chose show current icon which selected the first group icon.
She opened the options for this icon and changed the option so it would no longer wait
after the execution. She changed the setting for the next group icon as well as it also had
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the problem. She then executed the program. It no longer paused with an empty screen.
She then chose the display icon for page three and grouped it. She then set the options to
erase before next selection and to pause. She then executed the program.

Susan next added another display icon after the loop structure. She typed text into
the display.

All of 8 sudden Cheeser heard a knock on the door. Quickly be hurried to
the door and to his surprise it was his cousin, Gary goat.

She then added the image of the mountain goat from the scrapbook. She then added the
image of the mouse to the right of the mountain goat. Next to the mountain goat's mouth
Susan added a circle and in the circle she typed text (Figure 4-4). This made it appear that
these words were coming from the mountain goat in typical cartoon character style she had
created a 'voice bubble'. She then added an erase icon to erase the mountain goat. She
then grouped these icons together and added them to the loop structure as the fifth page.

Cheeser you have
lost weight are
you

on a diet?

Figure 4-4.  Susan's mountain goat Gary.
Susan added another display icon to the end of her flowchart and into it placed text.

Cheeser and his cousin sat down and talked for awhile. Gory had told
Cheeser how good he looked now that he had lost weight. Cheeser
started to feel really good about himself. Gary realized it was now
getting late so he decided to leave.

She copied the image of the mountain goat from the scrapbook and added this to the display
and drew a door on the screen using the rectangle and circle tools. The door hid the goat's
head as if the goat was exiting by the door. Susan then added the mouse to the display
using the scrapbook. However the mouse was not facing the correct direction. He was
facing away from the goat. Susan simply dragged the paws, nose and mouth to the other
side of the oval mouse body and the mouse now faced the other direction. She then added
a 'voice bubble' next to the mouse's mouth. Behind the mouse Susan drew a clock which
read 10 o'clock. She closed the display icon and returned to the icons. She placed the
display icon on the end of the loop structure naming it Page 6.

Susan placed another display icon below the loop structure in her flowchart. She
typed text into this icon.

Cheeser was so tired that he cleaned the kitchen the(n] went straight to
bed.
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She then drew a picture of a mouse lying in bed beneath a window which was colored
biack and had a round white circle, presumably a moon, in it. Next to the mouse's mouth
she added the letters zzz. She asked Logan, "Does this look like he's snoring with the
Z's?" Logan and Bob (sitting to Logan's left) each answered "Yeah." Bob asked, "He's
snoring with the z's?" Susan said, "You know what I mean." Bob said, "Yeah." Above
the image of the mouse Susan drew a clock which read one o'clock. She then closed the
icon. She placed this icon into the loop structure as Page 7.

Susan executed the file but when it got to the book turning the pages it would not
proceed. Susan jumped to the icons, found the movie icon in which the book was
animated (Page 4), and opened and closed the options window without making changes.
She placed 2 erase icons after the movie icon, one to erase the book and the other to erase
the mouse image. She executed the program but these changes had not solved the problem.
She reopened the group icon and deleted these erase icons.

Susan continued to solve the problem of the book turning. She opened the Page 5
group icon, circled around the icons with the screen pointer and closed it. She also
surveyed Page 6 in the same manner. She then opened the Page 4 group icon and the
display icon which preceded the movie icon, closed the display and opened the movie icon.
She moved the options box down so she could see the screen and then moved it back up.
Using the screen pointer, Susan surveyed the options available for the movie icon finally
selecting the OK button and returned to the icons..

Susan again dragged in two erase icons and placed them after the movie setting
them to erase the mouse image and the book animation. Susan then executed the program
again. When it got to the book and would not continue Susan said "I have to get rid of this
stupid page and it won't go away!!"

The researcher asked '"Did you put in an eraser?"

"I did. 1 put in two!" and jum.ped to the icons and pointed to the two erase icons
with the screen pointer.

The researcher asked Susan to open the erase icons and step-by-step these icons
were set to erase the mouse and the book.

"You mean that's all I have to do?" sounding like a non-believer. '"Is there some
way I can jump to the middle of my story?" Apparently Susan was tired of having to run
the entire story to check something at the end.

"You have these flags. The start flag can be placed where you want it to begin."

I didn't know what they were for. Cool!" Susan placed a flag in her program just
before Page 4 in the loop structure. She then executed the program as before. It began it's
execution from the beginning once again. Susan responded ""No" but continued to execute
the program. At this point the camera moved so the screen was no longer visible. As the
image retumed to Susan's screen Page 6 was open. Susan closed this and opened Page 1
and the first display within it. She then opened the second display in it. She then closed
Page 1.

Susan renamed the group icon Page 1. But then did not want the new name so
pressed the delete key. This resulted in the removal of the icon. Susan was concerned.
The researcher suggested that she save the file but rename it before saving it so her
previous copy of the file was not lost. Susan did this resulting in two copies of the file.
The researcher asked Susan to open an old copy of the file and copy Page 1 from this file.
Then the new copy of the file was opened and the Page 1 group icon was placed into the
file. This new file was saved as it was the end of class.

Day 6. The teacher at the beginning of this next class explained to students what
the living essay was to be. '"You need to have some kind of a story. If you want to use an
essay that you'd use in Social Studies or English you can do that or you can make up your
own story."

A student asked ''In Authorware [Professional]?"

"You'd do it in the word processor first."
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'"'You have to have pictures too, eh?"

"The story is one part. Then you need two types of graphics: one that you have
made yourself and one you can import from another source. So you need two types: one
that you have created and one that you have imported. You need some type of animation.
You know the drag object and you need some sound. That's basically it. You need some
type of word processing story. Oh, and you need some type of multiple choice--some type
of choice in it. I think that's it."

Susan listened as she opened her file. She executed the file. The first page
appeared and was cleared and then a return key prompter appeared on the empty screen.
Susan returned to the icons and changed the options for each of the pages to not pause.
She then executed the file again. Now Page 3 did not pause before erasing the page.
Susan said "Everything is screwed up."” Susan proceeded to check Page 1 opening the
display icons presumably to determine the contents of these icons. She added a descriptor
to the name of this icon so she could remember it's contents. She then opened Page 2 and
added to the name of this one. Then she checked Page 3 and opened the display icon. It
was the page which had quickly appeared on the screen and then been erased without a
pause. Susan closed the icon and placed a wait icon after the display icon. This would
cause a pause. She closed the group icon called Page 3, added to the name and then
opened Page 4. She opened and then closed the display icon. She added to the name of
the group icon. At this point an electronic alarm sounded in the computer room in which
Susan was working. She said, "Is that me? If it is I think I'll die." However it was only a
nearby student's watch alarm sounding. Susan continued opening each of the group icons,
checking their contents and then renaming themn by adding a descriptor to each. To Page 5,
which contained the image of the goat she added the word "goat" so the name was now
Page 5 goat. However, when Susan opened Page 6 she encountered only an erase icon
which she opened. She paused her activity here. She then closed the erase icon and
labeled the group icon Page 6 erase goat. She continued to check and rename each of the
icons. She then executed the program.

Susan had not fixed the problem of the book that kept turning its pages. She
jumped to icon and checked the options in the decision icon. These must have seemed
acceptable because she did not change them. She executed the file one more time and again
the book just kept turning. She opened Page 3 and looked at the interaction icon. She
closed this icon. She opened Page 2 and closed it. She then opened Page 4. She opened
the display icon here. She closed it. She opened the wait icon and changed the options to
Keypress but not Mouseclick. She executed the file again. Susan asked the researcher,
"Could you tell me what I'm doing wrong because 1 can't get it to erase what I did last
time." She executed the file. Now one page paused asking for a mouse click but did not
accept one. Susan retuned to the wait icon that had created it and changed the options to
also accept a return and show prompt. She then opened the display icon that asked for the
mouse click and removed this request. She then executed the file again. This section now
operated appropriately but the next one paused without showing a prompt for the pressing
of return. Susan opened the appropriate wait icon and changed the options to show
prompt. She executed the program again. Now the return prompt appeared but the mouse
click was not able to make the program proceed. Susan said, "Now this is where my
problem is.” She jumped to icons, opened the wait icon and changed the option to accept
Mouse click. Now when executed this part of the program was acceptable.

Susan now returned to the section of the program with the book continually
tuning. She jumped to the icons and opened the movie icon options. This time she
changed the options from being, set to piay repeatedly to the option for number of times t0
be executed and she entered 3 times and then set this option by pressing the OK button.
She executed the file again. Now the book turned three pages and the program moved on.
Each of the following three pages appeared and disappeared without pause. Susan saved
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her file. She then opened the movie icon options for the display of the book and asked
"Could you put this to play until the mouse is clicked?"

The researcher responded "Yeah. Choose Until condition is true and you need a
variable."

"Variables? Where do I find that?"

“Under the pull-down menu called variables. You'd better Show variables because
I'm not sure where to find it."

Susan chose this menu-option. A list of variables appeared and the one called
MouseDown was pasted into the variable space in the movie icon options. The file was
executed again. The book continued to play repeatedly as it had done before. The setting
of the variable was not working. Susan went back to the movie options and set it back to
play 5 times. Now she executed the file again.

'"Was that too fast?"

"Yeah because they have to be able to read [the text on] the screen.™

The researcher suggested that Susan use the options for erase and pause provided by
the group icon. Susan set these options and now the book appeared, the pages were turned
S times and then a pause waited for the user to press the return key. Once Susan had
pressed the return key the program moved on to execute her final three pages but each one
as yet had no pauses. The researcher suggested that Susan jump to icons and save the file.
Susan did this.

Now Susan began to try to solve the problem of her last three icon not pausing.
She opened the first of the three icons. She closed it, returning to the icons. She then
selected it and grouped it into a group icon. She placed a wait icon after the display icon.
She changed the settings in this wait icon so it no longer would accept a keypress. Then
she executed the file. This page now paused but the last two pages did not pause. She
found these icons, grouped each, and added a wait icon to each, changing the options to
not allow keypress. She then executed the file. Each page now executed with a pause.

Susan jumped to the icons and placed a new display icon on the end of the loop
structure. She then opened the display icon before it and copied the image of the mouse
lying in bed to the scrapbook. She then reopened her new display icon and placed the
graphics into this icon. She changed the time on the clock from one o'clock to three
o'clock. She lowered the image of the moon in the sky. She removed the "z z 2" next to
the mouse. She place a text bubble next to the mouse's mouth and entered the text I'm
hungary !! [sic] into it. She then entered further text of her story below the picture.

Cheeer [sic] woke up ot three o'clock in the morning and decided he was
very hungary [sic]. Cheeser got out of bed and hurried to the kitchen.

She then jumped to the icons and grouped this display icon. Into the group icon she placed
a wait icon and then renamed the group icon Page 9.

Susan added another display icon and labeled it Page 10. Into this icon Susan
added more text for her story

All Cheeser could find to eat was a carrot and he was sick of eating
carrots!! AN he could think about was the block of cheese he hid in the
cupboard before he started the diet.

She added the image of the mouse she had created earlier and stored in the scrapbook. She
drew a rectangle in the paws of the mouse and added a dot pattern to the rectangle . In the
background behind the mouse Susan drew lines and circles creating a row of cupboard
doors behind the mouse. She then jumped to the icons, added a wait icon after the display
icon and executed the program. She then opened a display icon that had occurred earlier
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and edited the text, changing the story. She returned to the icons and executed the
program. )

Susan jumped to the icons and added another display icon to the end of her loop
structure. She named this icon Page 11. She opened this icon and added text to her story.

Cheeser could not help himself, so he sat down and ate the huge block of

cheese. Cheeser was so full when he was done, that he went straight to
bed.

She then jumped to icons and saved the program as the class was over.

Day 7. Susan began the next class by running her file in AP. She then jumped to
icons and opened the one with the image of the mouse in bed under the window with the
moon visible. She appeared to check the text by moving her mouse over it. She then
closed the icon without changing it. She then opened another image of the mouse in bed
but this time the "z z 2" was rising from his mouth. She closed the icon. She then moved
through the icons on her decision icon until reaching the last one. She opene . i* and the
image of the mouse in front of the cupboard doors was visible. She chose one i the lines
forming the image and issued the command send to back. She then closed the icon. She
then reopened this icon and pointed to the image of the mouse. She then closed the icon.
She moved the pointer to the upper left hand comer of the screen as she waited for the icon
to close as it takes a while when multiple images are involved. When the icon had closed
she had the pointer in position to click on the close window box which appears in the upper
left hand comner. She appeared to have anticipated that this would appear and moved to the
location in anticipation of her next action.

Susan now opened the display icon at the end of the list of icons. It only contained
the text Cheeser could not help himself --. She pointed to the text appearing to survey
it. She then opened the scrapbook, selected the image of the mouse sleeping in bed and
copied it. She pasted it into the icon. However, when it appeared on the screen it was
positioned so only the upper right part of it was visible. The rest of the image was off the
screen to the lower left. She attempted to select it by encircling it with the pointer.
However she was only able to move the window in this way. She then attempted to circle
the entire image but could not. Susan could be seen pointing to the screen with her finger
indicating her difficulty. The researcher also pointed with a finger and suggested the use of
the select all command. Susan used this command and then 'deselected’ (at the
researchers suggestion) the text and the window which did not need to be moved. Susan
was then able to move the image. She then moved individual parts refining the image. She
then edited the text and closed the icon. She grouped it into a group icon and then added a
wait icon after the display icon. She then closed the group icon.

Susan placed another display icon at the end of her list of icons on the decision
icon. She saved the file and closed it. She then reopened it. Susan placed a sound icon
onto the flowchart after requesting assistance in using this icon. Upon opening this icon
she was directed by the software interface to choose a sound. She moved through the hard
drive to find the necessary sounds. She selected various sounds and leaned close to the
computer to listen. She pressed the OK button and returned to the icons. Susan used the
chooser to connect to the network and the control panel to increase the volume of sound.
She then selected sounds from the network server and played them. She then pressed OK
thus selecting the sound of vomiting from the choices provided.

Susan opened the display icon already at the end of the decision icon. She opened
it and typed text into it.

Good thing Cheeser made it to the bathroom in time !!! From that day on
Cheeser never cheated on his diet again.
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She then drew two overlapping squares in the icon. She used the line tool to draw lines
connecting the squares into a cube. She then selected the two squares individually and
selected a pattern for these sides. She then selected the lines and chose a pattern. The lines
became dashed but the cube was not filled. (This apparently was not a useful strategy
because the cube was not an object so could not be 'filled' with pattern.) Susan selected
the entire set of pieces and deleted them (apparently realizing the problem with her
strategy).

Susan drew two ovals overlapping each other. She repositioned these and sent the
larger of the two to the back. She then added a square but then deleted all three pieces.
She began again with two ovals, one smaller than the other. She positioned the smaller one
below the larger one. She then connected the ovals with two lines extending from the
larger oval to the small one creating a basket shape (Figure 4-5). She then pulled down
each of the pull down menus until she got to the one named Style. She changed the font
size to nine point and closed the icon.

Susan reopened the display icon with the basket image. She resized the image
several times. She then opened the scrapbook and selected an image of the mouse which
she copied into the display icon. She repositioned the mouse. She then attempted to select
the entire basket and to reposition it. However each time she selected it only one piece
would be moved. She finally selected the entire basket and grouped it into one group of
objects. Now she repositioned the entire basket to look like it was sitting in the mouse's
paws (Figure 4-5). She then changed the mouse's facial features (perhaps in order to
change his expression). She then jumped to icons and ran the program.

isure 4-5. Cheeser the mouse needs a basket.

Susan stopped the running of the program by jumping to icons. She placed a flag
before the display icon she had just constructed. She ran the program from flag this time
seeing the image of the mouse while hearing the sound. She opened the icon and made
changes to the basket position and attempted to apply a pattemn to the group of objects. The
software would allow her to suggest these changes but the image on the screen remained
unchanged by them. Susan ungrouped the basket selected only the bottom oval and
patterned it. She then added further text to her existing text entry and then jumped to icons.

He also changed his name to Chuck because he would never eat cheese
again!

o Susan now began the multiple choice question she was required to place in her
living essay by positioned an interaction icon below the decision icon. She opened it and
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appeared. It seems she had expected it to appear. Susan then jumped to 1COn and openea
the interaction icon. The options to be set for this icon appeared. Susan moved the pointer
over these choices appearing to survey them. She then deselected the pause before exiting
option and then selected OK to accept these changes. She attached another display icon as

answer to the question. She then ran the file. She then jumped to icons and saved the file
as class was over.

§, SR
R
some
an apple cheese some pizza
€Y (b) (©)

Figure 4-6.  Answers to Susan's multiple choice question.

Day 8. As Susan began this next class she selected the options to connect her
computer to the network server. She then opened the hard drive and surveyed her files.
She then opened her working file and ran it. But now her move object did not work. She
selected show current icon and opened the interaction icon and looked at the icons. She
said, "Now it's not working and every other time it was." Then to Logan she said ""Holy
cow are you ever fast at that."

Logan responded, "What?"

"Your story."

"] know."

"It's taking me forever." Then Susan said to the researcher, "What is this supposed
to be because before it was working and now it's not."

The researcher responded, "Okay what's the problem?"'

"I'm taking the apple into his hands, to his paws, and this just comes up on the
screen.”" She pointed to the interaction icon options which were open.

The researcher asked if Susan wanted a pause before exiting.

Susan said she did and selected this option. She then opened the display within the
interaction and the two click/touch areas (hot spots) were visible. These appared fine to
the researcher and so the icon was closed. Susan ran the program.

'"Did it work?"

"This time it did. Oh the return key. Maybe I had erased it before. I don't know
what 1 did. Thank you."

Logan was having difficulty because he wanted to flip his image so it faced the
opposite direction. The researcher suggested that was only possible in Superpaint. Susan
said she thought she had used an approach by which she chose the image, selected the
"black mark" on the edge of the image and dragged this mark across the page. She thought
this had enabled her to reverse the image. Logan tried this but was unsuccessful. The
researcher suggested that possibly Susan had used this technique within Superpaint and
Susan agreed she might have.
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resized these areas each to enframe one of the answers and then she closed the icon. She
then opened the first answer (apple) and looked at the options to be set.

- The researcher said, "Okay. Options. Is it correct?' as Susan pointed to the not
judged choice and changed it to correct response. "OKay it exits. Sure' as Susan selected
the exit interaction choice. "After next entry, before next entry. When do you want to
erase the feedback? You know you tell them they're correct or you tell them they're
wrong."

Susan answered, "Before next entry."

"But that will likely make it just flash on [the screen]"

"Okay don't erase."

"Don't erase means it will never be erased."

"We'll just leave it there." as she returned the pointer to the choice after next entry.

"That's usually a safe choice."

Susan selected OK.

While pointing to the screen image of an apple the researcher stated "Now this is the
feedback that is going to come up when they get it right. Is this what you want?"

"No. 1 have to move it."

‘"Well where should that be?"

"Out of there."

'"Well why don't you Select all and Group it and then Cut it out of here."

Susan performed these tasks. She then opened the question and placed the image in
the questions.

The researcher asked, '"Where do you want it?"
"Right down there." Susan moved the question to the top of the screen.
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"Okay. Remember this is the hot box. the click/touch area. which they [users] will
touch so put it [the click/touch area] over the apple."” Susan resized the box and moved it.
She continued by moving the second click/touch area into position next to the first.

'""Do 1 put my cheese in here?"

"All parts of the question need to be in there."

Susan opened the second icon, selected the cheese and text, grouped these together
and cut them out. She then opened the question and pasted the cheese into this icon. She
then repositioned the cheese and text next to the apple and resized the click/touch area to
match the size of the cheese and text. She then closed the interaction icon. She opened the
second response which was incorrect and set this option. She then opened the third icon,
selected all parts of the image, grouped these together, and cut the pizza image. She
opened the interaction icon and pasted the image into this icon. She repositioned it and
resized the click/touch area to fit the pizza and text. She closed the interaction icon.

Susan placed a flag before the interaction icon in the flowchart and then ran the file
from the flag. She clicked on the apple, the correct answer. and a display icon opened up
ready for input. Susan exclaimed, '""No!" Susan jumped to icons and opened the pizza
answer. She set the answer option to incorrect response and pressed OK. Susan closed
the icon and then asked. "Where do I put my feedback?" She then said, "Logan do you
know if I put my feedback in the quest ... No I don't" as she opened the answer for the
apple [correct answer]. She resized the text style and then proceeded to enter feedback
Correct. You read carefully!!!! The mouse would eat an apple. She
mepositioned this text, changed its size, and closed the icon.

‘ Susan opened the second display icon (used for the answer cheese). She entered

No the mouse loves cheese, but the apple is better for him. Click on the
apple. Editing, resizing and repositioning occurred before closing this icon and opening
the final display icon used for the pizza answer. She entered and edited the text No, pizza
is not the best for the mouse when he is on a diet.
The correct answer is the apple. She closed this icon. She then ran the file from the
flag so only the question was executed. When she clicked on the apple [correct answer] the
feedback she had entered flashed on the screen and disappeared without time to read it.
Susan jumped to icons and opened the display icon for the apple. She repositioned the text
at the top of the screen. She then opened the next two icons in turn repositioning the text at
the top of the screen. However she did not change the options. She ran from flag this time
selecting the cheese. The feedback appeared and stayed on the screen until she clicked on
the pizza at which point the feedback for the cheese was replaced by that for the pizza. She
then clicked on the apple and the feedback appeared and then disappeared immediately.
She jumped to icons and opened the display icon for the apple again. The options did not
appear. She slightly repositioned the text and jumped to icons. She grouped this display
icon and opened the new group icon. Into this icon she placed a sound icon. She then
selected sounds and the option to play it 3 times. She ran the whole file from the beginning
but after two screens appeared she selected run from flag. She first chose the cheese, then
the pizza and then the apple. The feedback appeared while a harp played a note and then
the feedback was erased. She jumped to icons.

Susan asked her teacher ""Mrs. A this initial project -- what do we need ircluded in
it 7

Mrs. A responded, ""Word processing, a story, the animation, a click and drag, a
multiple choice. Graphics - import one and make up one."

"Okay. You saw my story the other day. It's pretty well finished then eh?"

"I thought so."

"And I just did a multiple choice today. Okay."

Susan piaced a display icon at the end of the flowchart and named it the end. She
opened it and selected text styles and then typed THE END in large letters. She then drew
a happy face on the screen. But drawing the smiling mouth was a problem. The researcher
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guided Susan to draw a circle and then place an invisible square over it which blocked the
top of the circle from view. The two were then grouped and moved into the happy face
(Figure 4-6). She closed the icon and grouped it. Into this group icon she placed a sound
icon. She opened it to set the options but then closed it without doing so.

Susan tried to save the file but the message appeared that indicated she had too
many icons to be saved in the student version of the AP program. She said "Oh oh."

Bob looked on and responded, "Oh oh. Oh oh."

Susan asked, 'Does that mean I just lost it all?"

Logan answered, "1 don't know".

Another student asked, 'Did it crash?"

Logan answered, "No. It just says she can't save."

Susan then read the error message aloud. '"The file cannot be saved because the
demonstration version allows you to have a maximum of 50 icons."

Mrs. A suggested, ""'You need the full blown version."

Susan asked, "So what do 1 do? I'll cry if it erases.”

"Get out of it."

“All I can do is press continue though. But what if it erases I'll cry." There were
no other options so Susan pressed continue. She then used the chooser and connected to
the network server. "What do I do now. I just keep doing everything wrong."

Logan suggested, “Get out of there."

Now Susan proceeded, with Logan's help, to find the sounds that the others had
been using which were stored on the file server. She set the options for sound, turned up
the volume in the control panel and then pressed play. She laughed at the sounds, playing
them more than once to hear them fully. But she said. "I don't want them 1 want Daffy
Duck." Susan opened the files and found the required sound. "That's what I want." She
played it but it was too fast so she reset the 100% speed to 50% and replayed it. She then
selected another sound and played it exclaiming, "'It's so cute." She pressed OK.

Now Susan executed the file. She said to the researcher, "I'm finished. 1 just have
to correct my spelling and stuff." She moved through each 'page' pointing to the text as
she read along. She corrected spelling and edited text. On one page she modified the
graphic as it was a bit distorted. She then added an erase icon after the interaction icon and
a wait icon. She then attempted to save but could not as the error message recurred. She
then tried the interaction icon followed by the end message. However the screen was not
cleared in between. Susan said, "No. I'm going to make this thing work if it kills me. 1
want to finish it today.” She then proceeded but as her final sound (an exit message) was
played she said, ""Oh shut up", in a frustrated voice but then laughed. She then moved to
save the file.

After Susan pressed save, the error message about not being allowed to save again
appeared. She asked the researcher to help.

The researcher said "Here's what we are going to do. We select these icons and cut
them."

Susan selected the multiple choice question and cut these icons.

*Now they [the icons] are in the clipboard." The option to show clipboard was
used to make this evident. "Now we are going to save." The researcher pressed save and
the file was saved without these last icons. "Now we are going to open a new one {file]."

Susan opened a new file. "What do you want to call this new one?" Susan named
the file M.C. (for multiple choice), placed the remaining icons into it and saved it leaving it
for the next day as the class was now Over.

.” At the beginning of this class Susan opened her main file and executed it.
She then opened the file containing the multiple choice question and made changes. It still
did not clear the screen. She persisted in adding more erase icons even though automatic
setting for this purpose existed. She eventually found the setting for erasing the question,
using these settings to solve the problem. She saved these changes.
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Susan went back to the main file and executed it. She then closed the file and
returned to the desktop. The researcher now arrived and installed the full-blown copy of
AP on the hard drive. Now the two parts of the file could be put together in the full-blown
package and saved. Each of the two files was opened and converted to the format for the
full-blown package. The file named M.C. was grouped and copied into the first file. In this
way the two were joined and Susan's project was complete. She copied the file to disk and
handed in the disk to her teacher. Susan then began the next unit of study.
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Logan

Day 1. Logan was a classmate of Susan's who sat next to her on her left. He had
begun his living essay by opening a file in AP. It contained an interaction icon which was
used 1o create a question in the computer file when executed. An icon attached to the
interaction icon provided feedback to the response(entry) and served to test a response
(entry) through its matching features. Attached to the interaction icon in Logan's file was a
display icon. The display icon was a text answer type which matched text entries. Logan
opened the options box for this feedback. Options from pop-up menus were available and
automatically set to 1) not judged as correct or incorrect, 2) exit interaction (rather than
retum to the question), and 3) to erase feedback after next entry (rather than before next
entry, upon exit or don't erase). When the interaction was initiated and a text answer
matched feedback would be provided by this display icon. The three parts of the
interaction, 1) question, 2) answer and 3) feedback, could be erased or left on the screen
depending upon the options set. In Logan's interaction the question and answer were set to
automatically erase when the interaction was executed. The feedback option was set to
erase after next entry and exit interaction. The feedback, when within the interaction,
would only be erased after the next entry. However when the interaction was exited the
feedback would be erased unless the options was set to don't erase.

Logan began to systematically explore the options provided for erasure and exiting
beginning with those for feedback. He changed the exit interaction to try again. This
meant that when the answer was matched the interaction: would not exit but instead retun to
the question and repeat it allowing another response to be entered. Logan changed the
setting to continue. This option meant that when the entry was matched the interaction
would continue to try to match other feedback before returning to the question and
accepting other answers. Logan mistakenly typed the question Would you like to see
my show? into the display icon as feedback.

Logan attached a second display icon to the interaction icon. Three options
appeared preset to not judged, continue and erase feedback after next entry. He changed
the options to exit interaction and erase feedback upon exit. He then opxd the display
window but closed it again. He then reopened it and typed the text On With The Show
11801801818 at the top of the screen. He then closed the display window. He renamed this
second display icon YeslYlyesly and renamed the first display icon NoINInoln. These
names also defined the entry characters which would be matched.

Logan then moved the first display icon and placed it behind the second one so the
first answer tested was yes and the second was no. He opened the second icon. deleted the
text within it and typed Oh, well you are going to see my show whether you like
it or not. Logan executed the file and the interaction icon was opened automatically.
Logan entered the question Would you like to see my show? and executed the file. He
entered the answer y and the feedback On With The Show !!!111111#1 appeared with the
pause indicator (image of a re.:m key). Logan pressed return and ihe screen cleared of
question, answer and feedback. He jumped to icons and opened the options for the yes
answer. He changed the option to erase feedback after next entry. He pressed OK and
reexecuted. Once again when y was entered the feedback appeared on the screen and when
the return key was pressed the question, answer, and feedback were cleared.

Logan returned to the icons and opened the options for the yes answer but closed
them again. He executed the file. Logan spoke to the student next to him "How do you
erase the question?"

Bob responded ""Which question?"

"Okay watch." He executed the file and entered the yes answer to which the
feedback appeared so both the question and feedback were on the screen. He said, "See.
#ow do I erase this now?" while pointing to the question.
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"Press an erase icon after it. In the decision [interaction] icon. or whatever. put
erase after exit."

Logan opened the options on the yes answer and changed the er.. . . »lback option
to the choice upon exit. He reexecuted the file with a yes answer. !: v 5 before. Logan
stated, "It didn't work." He reopened the options and changed *h: . - e to before next

entry. It executed as before. Next Logan changed the optic:a tc - ier next entry and
reexecuted. Again no change occurred. (Note that when th: auticas are set to exit the
interaction the other options before next entry, after next entry, =i upon exit all act the
same erasing when the interaction is exited.) Now Logan change< the option back to upon
exit after some hesitation. Logan had changed all the options to erase feedback finding
they acted the same. This was because the other option was set to exit the interaction.
Although Logan's explorations were in regard to the feedback he asked "Can I get this
question to erase?" He finally changed the option to Don't erase and reexecuted. This time
the feedback was not erased but the question was erased as the interaction was exited. It
seems Logan wanted the question erased while the feedback remained on the screen
because he was satisfied with this result.

Logan next opened the options for the second display icon (no answer) and
changed the option to don't erase. He reexecuted with the yes answer. The feedback
appeared and the question was erased. He returned to the icons and moved the second
display icon NolNinoin back to the position of being first. He opened this display and
closed it. He then opened the interaction icon. Its options appeared and then he closed this
icon.

Logan reexecuted with the yes answer. The feedback appeared and after he pressed
return the question was erased but the feedback and answer remained on the screen. He
reexecuted with the no answer. Feedback appeared. Logan returned to the icons, opened

this displa™ icons options and changed the setting from Continuous to Try again. He
reexecuted .ie file with the no answer, jumped to the icons, opened the options for the yes

nswer and changed them from Don't erase to Upon exit. He also changed the
options for the no answer in the same way. He reexecuted with the no answer. The
feedback appeared, Logan pressed return and the question and feedback both disappeared
but the entry nO remained on the screen. Logan jumped to icons and opened the options on
the interaction icon. He set the option to erase interaction After each entry. Upon
reexecution the question was erased when an entry was made.

Logan then said, "How do you get the answer jentry] to erase?"

The researcher responded (inappropriately to solve Logan's problem) by stating that
"There is an erase feedback After next entry, Before next entry, Upon exit."

Logan asked, "Where is that?' The researcher stated that it was in the feedbacx
options. Logan accessed the options which he had just explored and changed the option to
erase feedback After next entry. Logan executed the file with the no answer. He said, "It
doesn't erase you stupid [to the computer]." He jumped to icons and changed this option
again to before next entry. "It's not working." Logan reexecuted and asked, "How do I get
my answer [entry] erased? See it's still there."

The researcher responded "Open the question [interaction] icon" which Logan did.
"Erase sntry Upon exit. That [answer] is your entry."

Logan said, "Oh" as he set this option and pressed OK. He ran the file again with
the satisfied statement, "It works."

Now Logan appeared to be ready to move on. He placed a display icon below the
interaction icon, opened it and typed:

The Unfortunate Camper
Caught in the Wrong Place at the Wrong Time
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He used various font styles. He then said, "All right let's import some graphics here
now." He closed the icon and stat: =, "Actually let's run it first" and executed the file. The
question appeared to which Logan answered yes. The title page then appeared to which he
said, "Is there any good ...". He chose jump 1o icons. Logan was distracted by Bob's (the
student next to him) watch alarm. They discussed this. Logan returned to his project. He
opened the title page display icon and said, "How do I getitto ... Oh yeah", as he pulled
down the edit menu and selected effects. He then chose zoom from point from the list of
options. Very small text appeared at the center of the screen and gradually transformed to
large text seeming to emerge from the center of the screen. He set the options to make the
text immovable and executed the file. He answered yes to the question, saw the feedback
and then the display icon ‘zoomed in'.

Logan next stated, "I'd better get some music here" as he jumped to the icons. He
placed a sound icon on the flowchart above the display icon and opened it. He said "1
wonder if there is a barking sound?" as he moved through the network server files to find
lists of available sounds. He selected a sound and then increased the volume control from
the control panel. He then played the sound Macpuke (the sound of vomiting) and said

"Yeah that's great," and pressed OK. He then said, "Oh yeah I have to get it so it will
run" and repositioned the sound icon after the title page display icon. He opened the

options for the sound icon and set the option to concurrent (to make it play while the
next icon was executed). He then moved the sourid icon back above the display icon. He
executed the file answering the question, yes. The sound played as the title page display
appeared on the screen. He said, "That's good you know I mean the sound, the title." He
executed the file twice, laughing at his sound choice. "All right I'm going to change that
sound." He returned to the sound icon, selected the sound 'Yabadabado™ and then
executed the file. Logan said '"Perfect. All right."

Next Logan placed an animation (movie) icon after the sound and display icon. Its
options appeared. He pressed Cancel and deleted this icon. He placed an erase icon in its

place and set it to zoom out the title page. He executed stating "Yup it works." Logan
then placed a wait icon between the display icon and the erase icon. He opened the options
but made no changes. He ran the file again.

Logan added a display icon to the bottom of the flowchart, named it and other icons
above it. He ran the file again and the display icon at the end of the flowchart opened as it
was empty. Logan saved the file and closed AP.

Logan opened Superpaint. He asked. '"Where did you find the bear picture? Mary
where did you find the bear picture?" (Students sat at a row of computers in the order
Mary, Bob, Logan, Susan)

"In pictures."

"No kidding but where?"" as he moved through the :i!2. "Oh there it is I thought it
said beaver." He opened the image of a bear and copied and pasted the copy back into the
same file. Logan asked of the researcher "Mrs. Barmes how do you put this in the
clipboard?" He raised his hand to get her attention and asked again "How do you copy
onto the clipboard?"

"Just choose Copy."

"Oh okay." He copied the image, quit Superpaint and returned io his own fiie.
"Now what do 1 do? Oh 1 have to open this up' as he opened the display icon and seiécted
Paste. The bear (Figure 4-7) appeared on the screen to which Logan responded, "All right.
Smokey.” He then began to speak the words he was typing "Smokey the bear
does not like campers."

Bob suggested '"We don't need to hear that when you type it."

Logan returned to the icons and dragged a group icon onto the flowchart trying to
place it on top of the display icon. It moved above the display. He then tried to place it on
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top of the display icon again and it moved below the display icon. He deleted it. He placed
another display icon at the bottom of the flowchart and asked, "Are there any [image of]
human beings in this thing [file server]?" He then saved the file.

Bob asked, "Why don't you group some of those? You could group the whole
thing-"

Logan dragged a group icon onto the flowchart just below the interaction he created
at the beginning of the day. He opened this icon and its flowchart appears. "I don't want
to group them all."

“Just select the ones you want to group."

Logan selected each of #e icons below the interaction icon and each in tum became
black. He then selected one icon and dragged it onto the group icon's flowchart. Only the
one icon moved. He moved it back to its original position. "It didn't work."” Logan then
selected four of the icons (including the interaction icon) at once by clicking on them while
holding down the shift key and they all turned black. He asked Bob, "How do 1 make
them group."

"Just say group."

"It didn't work." Logan waited and then asked "Mrs. Bames I'm first. How do I
move all of this into the group icon."

"Select all of it and then under edit say group."

Logan selected them all again and then opened the edit menu and chose the group
option and uttered, "Oh." (This time it grouped because all icons in the interaction sequence
were selected.)

Bob stated "Logan is an idiot." Logan removed the group icon he had added before
and then paused to play with the video camera which was recording his activities.

Eigure 4-7. Logan's image of Smokey the Bear.

Logan retumed to his file and executed it. At the end of the execution the display
icon containing the bear image appeared. He jumped to icons and added another display
icon asking "Are there any human pictures?"

The researcher responded, "I think there is a snow boarder."

"No, just a normal guy."

"] don't think so."

Logan opened the display icon stating, "Let's draw." He created a face and said
""There's Bob"

Bob responded 'T'1 kill you".
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Logan deleted the drawing of the face and saved and closed the file. He then
opened Superpaint and asked, '"Where did you get that tent from? Mary."

She responded, "In there."

"Okay." He searched the list of files opening a number of them, looking at the
images and closing each. He then found an image of a car which he copied. He closed
Superpaint and opened his AP project file. He asked the researcher '"What are you going to
say about us in your report?" but got no response.

Logan opened the display icon at the end of his flowchart and 'pasted’ the car image
into the icon (Figure 4-8). He typed text under the image of the car as he spoke "Joe
Blow from idaho went camping one day where Smokey the bear
lived." He continued to type speaking inaudibly He was unaware of Smokey's

decision to hate campers. Logan asked Bob, "How do you do that? Do you just
move your mouse around?" He then asked, '"What do you call it when you hate something
... 1don't care for this." He edited the text. .

......

Figure 4-8. The Car used in Logan's story.

Logan placed an animation icon on the flowchart and opened it. He moved the car
off the screen to make it appear as if it was being driven. He set the time option so it would
move slowly. He then added an erase icon after the animation icon which he set to erase
the car image. Next Logan ran the file. The question appeared, was answered and erased.
The title page appeared and was erased with the 'zoom out' effect. Then the bear appeared
and a display icon opened to be filled. Logan paused and then closed this icon. He asked,
"What is this for?"' He jumped to the icons and named the icon car. He then opened and
closed icons stating "I've got to get this title page to work." He opened an icon and an
image of the bear appeared to which he responded, "there's Smokey the bear. Mrs. Bames
1 want to make Smokey the bear disappear." He then opened the erase icon after this
display icon, set the option for Fade ow stating "I like fade out."

Bob commented "the bear disintegrated."’

"I'm going to run this." Logan executed the file. He called out "Mrs. Bames it's
not working." He grouped together the display of the bear and the erase icon. He then
grouped together his final three icons. He named each of the icons. He executed the file
again. "How do you get this thing to wait? Oh yeah a wait button." He opened a group
icon and placed a wait icon in before the erase icon. He executed the file again and then
stopped it by jumping to the icons. He placed a start flag before the group icons and
executed from the flag. "Mrs. Bamnes I'm like totally §ost on this."
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"Why what's happenit, .."

"Well like --" He ran tne program. When the final sequence of the car and text
appeared these images began to move across the screen but were erased. Then they
reappeared and were erased with the Zoom to point effect. Logan jumped to icons.

"Okay here's the car" pointing to the display icon named car "and here's the
animation' pointing to the second icon "and here's the erase. There isn't a pause."

Logan dragged a wait icon between display icon and the animation. He opened this
icon and changed the options to allow a keypress and a pause for only 5 seconds.

The researcher asked "Why are you putting five seconds? What if it takes me 10
seconds to read it?"

Logan removed the seconds designation. "What's this?"" He pointed to the option
show prompt.

'""You have to have something to click upon. That is the return key."

Logan said, "Oh okay" and selected this option. He executed the file. Now a
return key appeared on the screen and the program waited until return was pressed before
proceeding. Once pressed the car began to move but was erased. "It's supposed to go to
the corner and then it's supposed to be erased. Like it did it for me once but now I don't
know what I did." He jumped to icons.

"Okay two questions. Do you want the car and the text to move or only the car?"

"Well just the car."

"If’it's only the car you want to move it must be in an icon separate from everything
else. Is it?"

"No." He opened the icon and the car and text appeared in the same icon.

""They are all in one. How could you solve this?"

"Copy this icon and delete whichever."

"and delete the parts you don't need."

Logan copied the entire icon and ‘pasted’ it onto the flowchart. Now he had two of
them. '"Which should be first Mrs. Barnes?"

"Well which should go first the text or the car?"

"The text I suppose."

'"Well now here's a thought. To display a car is complex and takes time, a little bit
but there is a slight pause. The text is quick because it's small. Does that influence your
decision?"

"Yes." He opened the first icon and both the car and text appeared and both were
selected. ""Mrs. Bames how do you do this?" because both parts were selected. He tried to
use the ungroup command but it was not available (gray in color). From the tools on the
screen he chose the arrow tool then the text tool and back to the arrow tool. He then used
the arrow and clicked on the text. He deleted it. He then closed this icon and opened the
second one. In this icon he chose the car and deleted it. He then executed the file from the
flag. Now the car appeared followed by the text and the return key. The car was erased
and then reappeared and then was erased with the zoom to point effect.

Bob stated, "Our class is over in thirty seconds.” Logan saved the file and shut
down the computer.

. As the class began Logan tumed on the computer, started AP, opened up
his file and executed it. He laughed when the Yabadabado sound was heard. The car and
text appeared. Then the car moved and was erased. The car reappeared and was erased
with the Zoom to point effect. Logan jumped to icons and reexecuted. When the image of
the bear appeared followed by a pause he chose show current icon. He looked at the icon,
opened it and then closed it. He moved the flag to just before the group icon with the car.
He chose to run from flag and then to show current icon when the execution was complete. He
opened the icon containing the text and closed it. He then opened the icon containing the
car. He re-labeled these icons to indicate their contents. He then removed the erase and
animation icons. He re-executed and then returned to the icons removed the wait icon and
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placed an animation icon after we two display icons. He set the icon to move the car to the
left comer like it was being driven off the screen. He executed the animation icon and then
changed the number of seconds and executed it again. He then jumped to icons and
executed from the flag. The car sequence now executed properly.

Logan uttered, "Is there any going away music in that file?" He jumped to icons
and placed a wait icon before the animation. He executed the file. The text and car
appeared. The return key was pressed. The car moved off to the left of the screen. Logan
pointed to the car and said, "Now how do I get this to disappear?" He jumped to icons.
He put an erase icon after the animation and asked the researcher, "Would it be here?"

] don't know. What do you want it to do?"

Logan said "Well okay" and ran the file from flag. The sequence was executed
ending with the options for the erase icon appearing and waiting to be set. Logan said
"Well the car is moving. Its like well -- This guy is going. Well it's symbolizing this guy
is going camping." While pointing to the car he asked "Do I click on this to be erased?"
Without an answer he clicked on the car and set the effect option to Zoom to a line. The car
disappeared with effect.

The researcher asked, "Is that it?"

'lYeah‘"

"And now you are at the end of the program."

Logan reexecuted from flag. "Awesome. Now I have to get some music to put to
this." He jumped to icons and opened the group icon containing the bear sequence. Into
this sequence of icons he placed a sound icon, selected the sound of rain falling, set its
options and typed OK. He then renamed the icon and executed the file. Before it could run
he selects Run from flag. The sound was heard during the bear sequence not the car
sequence. He reexecuted asking the researcher "Why isn't the sound working?"

""What sound?"

Logan jumped to icons. "Okay like here he [the bear] fades out" pointing to the
erase icon. "Do I want the sound before he fades out?" pointing to the sound icon placed
before the erase icon. "Like how do I get it so that when he fades out the sound goes too?
Should the sound be after or before?"

"Before. But then play it concurrently."” In other words choose the option
concurremt.

"It is" as he opened the sound icon and showed it was set to concurrent. He closed
the sound options and executed but the sound was not heard. "It's not working."

"I was thinking it is hitting the stop flag and not playing it."

Logan said, "Oh" as he removed the stop flag. He executed from flag. The sound
was heard as the image faded.

“Now here's a suggestion. You've got a whole bunch of pieces just like in that last
activityq where you put them all together on a loop structure. Do you remember that
activity?"

'"Yeah in groups."

"Well you've got all of yours grouped already. How about putting them on a loop
structure?"

"Don't I have a loop structure already?"

"They don't build to the right they build down. You pull in one of those diamond
shaped things remember [the decision icon.]" Logan placed a decision icon near the top of
the flowchart below the introductory question. "And you pull all the pieces onto the loop
structure.” Logan attached the group icons to the decision icon. He opened the options for
the first group icon. "You want to erase before next selection” as Logan set this option.
"And do you want a pause?"'

“"No pause.” He de-selected this option and pressed OK. He set these same options
for the next two group icons. He then opened the options for the decision icon and set
them to sequential and don't repeat. He said, "I guess I've got to" as he opened the erase icon
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after the car. He then opened the icon containing the image of the bear. He was distracted
by Bob.

"That's so cool. The bear, Smokey, kills Joe Blow and then he tries to take the car
and gets killed."

Logan executed the file. Only the first of the group icons was executed and the
program ended. "Why did the stupid thing stop?'' He opened the decision icon and at the
options he asked "What does sequential mean?" He changed the option from Don't repeat to
Until all selected. He ran again and the other group icons were also executed. He said, "No
sound" when the bear image appeared. Logan opened the sound icon and checked the
options. ""What does perpetual mean? Idon't want it to play forever." He did not change
the option but instead closed the options to retum to the icons. He executed the file again.
The Yabadabado sound was heard.

Susan asked, "How do you put sound?"

"You have to put a sound icon in there. You drag it out." As the program ran it
arrived at the bear sequence which did not play the sound. "It's not working." Logan
continued to interact with Susan and then reexecuted the file. He instructed Susan about
where to find the sounds on the network. He then selected Run from flag. He asked the
researcher "Why isn't the sound working again. I had it working before."

"It is being either erased before it can play or it is being erased as it is being
played."

"Yeah but it erases but it doesn't play the sounds."

"Put a pause in after the erase and set it not to have a prompt but to just give you
some time." Logan placed a wait icon and set the options by deselecting the show prompt
option and entering 3 seconds in the space provided. He reexecuted and the rain sound
played. The problem was solved.

Next Logan dragged in another group icon. He renamed this icon and saved the
file. He then closed AP and opened Superpaint. In Superpaint Logan opened a graphic of
a tent. He cleaned up the graphic by removing the background. He copied the tent image
and then returned to AP and his project file. He opened the file and then opened the group
icon on the end of his decision icon. He placed a display icon into the group icon and then
pasted the tent graphic onto the screen (Figure 4-9).

Figure 4-9. Logan's image of a tent.
Logan then added text to the icon contents. He edited the text as he proceeded.



The day was very hard for poor Joe. His boat sank while he
was fishing and he almost drowned. Lucky for him there
were boaters around, but he [had] no change of clothes so
he had to walk around naked for the rest of the day.

Logan then closed, copied and 'pasted in' the copy of the icon. He opened the second of
the two identical icons and selected and cut the tent image from the icon. He then closed
the second display icon. He renamed the first icon tent, opened it and cut the text from it.
He then closed this icon. He then renamed the second display icon text. He then added
another display icon after the first two. He placed a flag before the tent icon and ran from
flag. The tent and text appeared followed by the empty icon opening to be filled. Logan
closed it and his file began to run from the beginning. This was because Logan had run in
the middle of a loop structure. Logan jumped to icons and placed an erase icon after the
first two display icons (tent and text). He then opened the erase icon to set its options.
What appeared on the screen was the image of the first display in the loop structure not the
image of the tent or its associated text. Logan said, ""No" and closed the erase icon options
and returned to the icons. He then opened the text icon and closed it. He then opened the
erase icon again and set it to erase the text with zoom to point effect. He then said, "Okay"
expectedly and ran from flag. The tent appeared followed by the text which appeared and
then quickly disappeared. The empty display icon then opened. Logan spoke to another
student during the execution of this sequence so perhaps his attention was distracted from
its running. He ran from flag again. He then jumped to icons and placed a wait icon
before the erase icon. He opened this icon and set options to pause and wait for keypress.
He ran from flag and a ==turn prompt appeared on the lower right side of the screen. Only
half of the prompt was visible as the lower half was below the screen. Logan said, "How
do you move the prompt?" He then used the screen pointer to pick it up and move it fully
onto the screen. He said, "Oh" as he managed this action. He then ran from flag again.
The tent and text appeared with a return prompt on the screen. Logan said to Bob, "Here
read this. Do you think this is good?" as he executed the file. The empty display icon
opened. Logan said '"That's it."

Susan asked '"Don't you want to erase your tent too or no?"

'"Not yet."

'""Mine is ten pages long already."

Logan then placed text into the empty display icon.

After his clothes were dry, Joe thought he would cook
supper. Unfortunately he forgot something to cook, so he
settied for some food that the other campers had left over.

Logan interacted with Bob again but this time not in regard to his project or school
work. Logan then continued to type the text. He commented on his story and said, ""This
is pretty gruesome. Well actually it isn't." He ran the file, then ran from flag in the first
frame. He then ran from flag again. He jumped to icons and opened the final display icon
containing text. He renamed it and ran from flag again. It did not pause before proceeding
to run the first display in the decision icon. "Mrs. Barnes, how come it goes to here?"
while pointing to the screen.

"Are you running from flag?"

"Yeah."

'"Well that's why. It shows you the inside of the group icons and then goes back to
the beginning."

"Okay. I can't run it from the flag."

"You could put the flag before the decision icon and then it would work."
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"I was thinking about this. This question is really the first part" pointing to the
question icon and its answers which appeared at the top of the flowchart before the decision
icon (loop structure). "Could this be placed in a group icon and placed at the beginning of
the loop structure?"

"I guess so." Logan selected the question and answers and grouped them using the
group command. He then moved the group icon into the loop structure.

""Have you changed the options here?'" as Logan opened the options for the decision
icon. The options were set to sequential and until all selected.

"If it was set to don't repeat What would it do?"

"It would only run once."

"Okay."

Logan returned to the icons and ran the file. "I want to try it from the beginning."
At the bear sequence the bear and text appeared and began to be erased. Logan said "t
wasn't supposed to go that fast."

"Maybe you need to put a pause in." Logan jumped to icons and opened the group
icon containing the bear sequence. He placed a wait icon into the sequence after the sound
icon. He ran the file again and this time a return prompt (return key) appeared which
Logan pressed.

"I must have put my pause in the wrong spot or something." He jumped to icons.
"It started playing the ... no. 1can't remember." He placed a flag and ran from flag. "See
it started playing the rain"

"And then it hit the pause so it displayed the retum {prompt]."

"And then it does it." Logan jumped to the icons and picked up the wait icon and
moved it off the flowline and said "'So this pause has to go where. That's the thing."

"It has to go after Smokey [name of the icon containing the bear graphic] so they
have time to read. Right?"

"Uh huh" as he moved the wait icon up before the sound icon. He ran the file again
and said "There we go. It works. Thank you." He returned to the icons.

Logan was distracted from his programming by banter with other students. He
opened the first group icon which contained the interaction icon (with the question Do you
want to see my show?). He closed this. He then executed the file but jumped to icons at
the question. He then opened the no response to the question. He changed the text in this
display. He closed the icon and executed the file. He said, "Isn't this awesome. Smokey
the bear ..." He continued running the file. He then said, "Does somebody want to read
my story. It's interesting.” He ran the file again. As it ended he said, '"That's all. 1 better
save." He jumped to the icons and saved the file and then closed AP and shut down the
computer.

Bob said "Logan there's still 10 minutes."

"Oh I thought there was five."

The researcher asked Logan, ""Could you start it back up again. I need to get a copy
of it."

"A copy of what?"

"Your file." Logan opened AP again and his file.

'"Where do you want me to copy this? In Authorware [Professional]?"

"Yeah. Oh no at the desktop." Logan closed the file and returned to the desktop.
He copied his file to a diskette and shut down the computer.

Day 3. On the following day Logan opened his file in AP and 'pasted in’ an image
of the bear but the bear was now facing the opposite direction. He had obviously been in
Superpaint and had reversed direction of the bear image and then copied it before opening
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his file. He then executed the file. The tent sequence ran but at the end of it was now the
addition of another picture of the tent overlaying the first and then the bear appeared.
Logan jumped to icons and placet an erase icon before the second tent image. He then
placed a flag and ran from fl-% ut the flag had been placed too late to execute the
sequence and set options for ti erase. So he jumped to icons and moved the flag to the
beginning of the sequence. This tme as he ran he set the erase icon options but then
canceled these settings instead of pressing OK. He then returned to the icons and removed
the display icon containing the second tent image. He ran the sequence again 3 times. On
the third sequence he set the erase icon options. He then ran again. He then retumned to the
icons and removed a display icon. He ran the sequence again. He started to set the erase
options but then again canceled them. He jumped to icons and added another group icon to
the loop structure. He ran from flag. He then jumped to icons and ran again. He jumped
to icons and opened the display icon at the end of the flowchart. The bear image appeared.
Logan selected the bear and repositioned it on the screen. He then added text speaking the

words as he typed: The same night Smokey was hungry so he went

searching for food.
Bob spoke to Logan and Logan responded in regard to another student named

Tanya. Logan continued to type and speak, "Along his way he saw Joe's tent.

So he decided to investigate." Logan then set the effect option for this display
but then canceled it. He then jumped to icons and closed the group icon. He opened the
new group icon at the end of the loop structure but closed it and reopened the previous one
saying '"This is cool. I like this." He then opened the last (empty) group icon again. He
placed a display icon and opened it. He 'pasted in' the image of the bear. He then jumped
to icons and opened a previous group icon. He then reopened the first icon in the bear
sequence which contained the image of the tent. He copied the image of the tent and closed
this icon. He opened first the group icon at the end of the loop structure and then the
display icon within it. Into this icon he placed the image of the bear and an image of the
tent. He then jumped to icons.

Susan (sitting at Logan's right) was having difficulty saving her file. Logan said
"Oh oh.ﬂ

Bob asked '"Did it crash?"

Logan responded "No. She just can't save her file." Logan opened the tent and
bear sequence in the second last group icon. He opened an icon with the bear and then
closed it. He then opened the last group icon and the display icon in it. He added the text

He investigated to the display of the tent and bear.

Logan then gave Susan directions about how to navigate the network, attaching to
the MacB file server in order to find sounds which she could place in her program. He
helped her select sounds and play them.

Logan asked, '"Mrs. Barnes I need help. How do I do this click and drag thing?"

She responded ""Click and drag? Click and drag what?"

"I want the person to click on the bear and drag him to the tent" as he pointed to the
screen containing the text, the image of the bear and the tent image.

"Oh that's a drag object question."

"Yeah."

“"How do you make a drag object question?"

"] don't know. That's why I'm asking you."

Susan suggested, '"You just made some."

The researcher responded, "But that was two or three weeks ago."

Logan agreed, "Yes", and jumped to the icons and pointed the mouse pointer to the
c%isp';a)lrq icf;)n provided in the list of icons. He asked the researcher "In the display icon?

es? No?".
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"No. That's not a question [interaction] icon." Logan dragged in an interaction
icon. '"Well where is your bear?"

Logan responded, "in here." as he pointed to the display icon. Logan then opened
the clipbeard displaying its content was the image of the tent.

"Where is the tent?"

"They [text, images of the tent and bear] are all in one [display icon]."

"Okay. They have to be in separate icons remember." lLogan copied the display
icon and pasted a copy of it.

"Should the bear come first or the tent?"

"You put the bear and tent up first before the question." Logan moved the two
display icons up.

"And in the question you tell people what they are going to do.” Logan then
opened the first display icon and removed the tent and most of the text. He then opened the
second display icon and removed the text and bear. He then labeled the icons bear and tent
respectively.

"Which is going to be moved the bear or the tent?"

'""The bear."

"Well in the icon with the bear there is text. The text will also be moved. 1s that
what you want?"

"NO."

"Where do you want the text?"

"Before"

"Before or 7"

"After."

"Or it could go in with the tent couldn't it?"

"Yeah." Logan removed the text and bear from the icon accidentally. He selected
Undo and the objects reappeared. He then selected only the text and deleted it. Logan
returned to the icons and opened the icon with the tent image. He typed He
investigated. into this screen. He returned to the icons and opened the interaction
icon. Into this icon he typed Click on bear and move into the tent as he
spoke these words. '"Okay now do I go like --"

"Now when the bear moves what type of response [feedback] do you want?"

“If they don't put it in the tent it will snap back and say put the bear in the tent."

"Okay so it's going to be text."

"Yeah."

"So it's going to be a display [icon]."

"Yea}]'"

"So that's the wrong answer. How about the right answer?"' Logan dragged in a
display icon and placed it next to the interaction icon. He set the options to iext answer
type

"Could you open that back up. Okay what kind of answer? Change response type”
as Logan opened the options for the answer and chose change response type. “'Are people
going to type in text?"

"Oh no. Click/touch area."

The researcher listed the answerss available: ""Are they going to touch an area; are
they going to pull down a menu; are they going to press a key; are they going to move an
object?"

Logan responded '"Move object" and selected this option. An options window for
this answer type appeared.

"Okay it says drag object to the target position except the objects aren't on the
screen yet. Maybe while we are here' and pointed to the options to be set. '"You just told
me this was a wrong answer and it's going to snap back." Logan set these options and
returned to the icons. He dragged in another display icon and was asked by the researcher,
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"so what is your wrong response going to be?" Logan renamed the two icons correct and
wrong. Do you remember that thing we did about order of correct and wrong answers?"

Logan answered, "If you go try again it goes back. So the right one would have to
be first." Logan moved the cowact answer to be first and opened the options. He set the
icon options to correct response, exit interaction and then said "I don't get this thing about erase
feedback."

"The feedback is the text or whatever you display after they get it right. When do
you want that erased? Before they drag it again, after they drag it again, or."

"For the right response?"

"For the right response the question has already been answered so what would be
logical?"

“Upon exit." He set this option, jumped to icons and opened the wrong answer
icon.

"When its the wrong response they are going to try again. Sc when do you want it
erased?"

“Before next entry." He set this option.

"Okay we'll ry it."

Logan jumped to icons and opened the icon containing the image of the bear. "So
what do I do" as he highlighted show current icon.

"Jump to icons."

Logan opened the icon for correct response rather than the options for this icon. He
closed the options and opened the interaction icon. "No. Where are the options for the
right answer." Logan opened these options and the screen images of the tent and bear
appeared. Logan began to move the tent.

"Are you moving the tent?" (He had earlier stated that he did not want to animate the
tent. He wanted to animate the bear.)

llYeah.H

"So move this [the options box for the animation icon] out of the way so you can
move it [the image of the bear] to the correct spot." Logan moved the options box out of
the way. "So grab the bear and move him to where you want him to go." Logan moved
the bear to a position with his nose in the tent. "So whenever the bear is dragged over this
little region {area to be matched] it will be right [correct]. Is that right?"

"Yeah."

"So now move this [the options box] back and say OK."

Logan asked. "But don't I want to make this a correct response?" as he selected the
OK choice accepting the opticns set. He returned to the icons and pointed to the second
display icon on the question icon stating. "Okay now wrong response."’

"You do the same thing."

"Oh okay." He moved to point at the display icons placed before the interaction
icon which contained the bear and the tent. "Do I have to open the bear and the tent?"

"Just the bear would be okay."

Logan opened the bear and closed it and then opened the wrong answer options
stating, "'wrong response," as he set this option. Logan pointed to the box indicating the
active region 'Do I have to make it across the *whole screen?"

HYesH

Logan made the box frame the screen by first placing it in the upper left corner and
then stretching it to fill the screen.

"One of the things you have to do is tell it that it is the bear that you are moving so
you have to click on the bear."

Logan did this and the indicator box moved to be centered on the bear but no longer
filled the screen.

"Now the two are snapped together. Move the bear so the hot box fills the screen."

71



Logan moved the bear repeatedly down and to the left moving the indicator
simultaneously. After several attempts Logan stated. "Ah that's good enough”

"Lets just stretch the box to reach to the comer."

Logan stretched the box and pressed OK.

"Okay run it. Oh run from flag 1 guess."

Logan placed a flag before the sequence and executed from the flag. When the
question appeared Logan moved the bear to the correct position. The display icon for the
correct response feedback automatically opened awaiting content. Logan immediately

selected the text tool and typed You have done well. Logan opened the wrong
response feedback icon speaking the typed text "Please put Smokey's nose in

the tent." Logan closed this icon and returned to icons. He then opened the display
icon containing the tent. He repositioned the text and returmed to icons. He then saved the
file and quit AP. The class was over.

Day 4. As class began Logan executed his file from the flag while in AP. When he
moved the bear to a position not near the tent (incorrect answer) the feedback. Please

put Smokey's nose in the tent., flashed and disappeared. Logan opened the
options for the incorrect response and changed the erase feedback 10 After next eniry. He
executed the file again and moved the bear again to an incorrect position. The feedback
appeared and remained on the screen. He then moved the bear to the correct position but
the incorrect response still appeared.

Logan stated, "It's not working anymore. It worked once and then nothing. It
wouldn't work for me again." Logan opened the icon containing the bear. He closed it
and opened the tent. He then opened the interaction icon. "ls the whole bear supposed to
go in this spot [the tent opening] or just his nose?"

The researcher responded, "No. The program tests the center of the entire bear not
just his nose."

"Oh, so I can't just test his nose?"

"No you test the entire object but you can test where his nose is."

"How do I do that?"

"You have to open the correct answer icon or [rather] the options for that." Logan
opened the options. "Now put the bear exactly where you want it." Logan moved the bear
to the correct posizion. The researcher pointed to the indicator box on the screen. "This
box [click/touch area] is very big and its going to test the entire area. When you move the
bear as l%;lg as some pan of the bear touches the box it is going to be a maich.”

"Oh, okay."

"You probably want to shrink the box [click/touch area] a little bit and then click on
the bear." Logan changed the box to a smaller size and clicked on the bear but the tent was
under the bear so it was selected instead. Logan chose the bear by clicking on an area of
the bear which was not over the tent. Logan reduced the box size again and then moved the
bear to have its nose in the tent. "What you are reaily doing is testing the center of the
bear" as I pointed to the indicator box.

"Oh yeah." He then clicked OK and executed from the flag.

"You can test how off your answer can be by moving the bear somewhat close but
not exactly." Logan tried this. The bear was not close enough to match ¢ »ow close
do you have to get?"

"Pretty close."

'Is that what you want?"

"Yes.'ll

"So it's really the size of that hot button [click/touch area] that matters."

"Uh huh." Logan executed the entire file. He watched the program as he verbally
interacted with other students around him. He got to a point that the story on the screen
had been cleared but the tent was still on the screen with a return key prompt at the right of
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the screen. He selected show current icon and a wait icon was highlighted. He then opened
the icon which followed it which was more text and the image of the bear.” Logan then
opened the icon with the bear moving to tent sequence. He then closed the icon and
returned to the tent icon. Logan executed the file again. He continued to interact with
another student in regard to an upcoming school dance. He executed the file again getting
to the point that text appeared without an image. He cut the text and reexecuted. Now this
same icon was empty, open and waiting for content. He showed this icon. Logan now
closed the file and did not save his changes. He then reopened the fiie. He opened the tent
icon and then the incorrect answer for the move bear sequence. He then opened the bear
and then the tent. He then opened the interaciion icon. He attempted to select the hot
button but could not. He jumped to icons and opened the interaction icon again. He then
moved the hot button but could not move the bear. Logan then executed from flag.
Moving the bear to the tent opening matched the correct response. He then executed the
entire file. The tent with the return key appeared again as before. He placed an erase icon
and then opened it and set the options to erase the tent. Logan placed a flag and executed
the file from flag. This time it executed properly except that the file did not pause at the last
entry in the story. Logan moved this last icon to the next group icon which was the group
icon containing the question. He executed the file but it did not pause Or erase. He placed
wait and erase icons after this display. Now it properly executed from flag. He jumped to
icons stating, "I'm tired."

Logan stated, "I'm starting a new thing now." He placed a new group icon and
added a display icon to it. He then went back to his previous group icon and opened the
image of the tent. He was interrupted by a student near to him who vzanted to remove a
pause. He suggests that she, "show current icons. No not jump [to icons]." He then
returned to his own work, copied the tent image and returned to his new display icon. He
bumped the video camera so paused to reset the camera. At this point he quit for the day.

Day 5. As this class began Logan had executed his file in AP. He opened an image
of the bear and copied it. He opened his new display icon and placed a copy of the bear
image next to the tent image. He placed the bear with his nose in the tent. Logan read as

he typed the text below the images "Smokey the bear growfed. Due to Joe's

weak heart he died. Well that's it." Logan jumped to icons and placed a wait icon.
He then placed an erase icon and set it to erase the display icon. Logan then edited the text

in the display icon so it read: Smokey the Bear was pleased at what he
had found. Joe was not pleased. Smokey the bear growled ot

Joe and due to Joe's weak heart he had & heart attack and died.

Logan jumped to icons and showed the clipboard which contained the tent, bear
and text. He then placed another display icon in which he placed these items. He deleted
the text and jumped to icons. He then opened the original icon with the bear, tent and text.
He closed it again. He spoke to another student to whom he suggested, "Run this" but the
student did not. Logan deleted the icon with only the bear and tent images. He placed
another display icon and added the tent, bear and text. He deleted the text. From the
original icon Logan removed the text and then reset the erase icon to erase the text. He then
opened his second text based display icon and moved the text. He executed the file. It did
not pause so the final text could be read. He placed a wait jcon at the end of the sequence,
added another display icon, and executed the file.

Logan's teacher watched the program. She asked about the answers which were
tested (Yes!Ylyesly and NoINInoln) in the text answer question early in the execution. At
the request of the executing file the teaciier moved the bear to the tent but couldn't achieve a
match. Logan paused the execution, moved the tent to the proper position and then allowed
the execution to proceed. This time the teacher achieved a match. When she got to the end
of the file and a display icon opened. Logan said "I have to finish that." Logan typed the

text Since Smokey was hungry he thought he'd have lunch. Since
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our great country believes in censorship the author has to ask ?
into the icon as the teacher left him to help Bob.

Logan then: placed an interaction icon into his file and added a display icon as the
first feedback to the interaction. Logan then opened the interaction icon and typed: D©

You want to see the remains of Joe's Body? He then asked. "How do
you make a correct response any answer? How do you make a wrong any answer? Logan
opened the display icon options and set the text answer to * which is used to accept any
response provided. He then executed this list of icons. He placed an erase icon at the end
of the list. He executed the file again and used the pause option from the pull-down menu to
stop execution to move the question to the bottom of the screen and then to proceed. He

answered the question. The feedback icon opened and Logan typed Sorry, the scene

is too horrific to let anybody see. logan tried to place a wait icon but the
flowchart was too short so the wait was dropped to another flowline. He deleted it. He
then stretched the size of the screen window so the flowline was longer. He then placed
the wait. He executed this group icon.

Logan attached another group icon to the decision icon and added a display icon
into the group. He asked, "How do you make a cross? I can't make one." Logan then
used the box drawing tools and drew two rectangles. one vertical and one horizontal. He
then selected both and changed the lines to darker. He then selected different modes but
canceled his selections. "Mrs. Bamnes how do 1 get rid of this part of the line" pointing to
the places where the rectangles intersected across the middle of the cross. Logan clarified
that he wanted the image to look like one image of a cross rather than two rectangles.

“Draw another box exactly the same size as those ones |indicating the box formed
by the intersection of the rectangles]. You are going to overlay it you see.” Logan drew a
rectangle. "Now say [choose options] lines and select white [option]. It doesn't quite
cover it [the lines] so stretch it {the rectangle] a little bit." Logan chose lines and then
selected the white color. The rectangle became white almost covering the black lines. He
stretched the lines a little so the black ones were no longer visible.

"Yeah. That's it." Logan then chose text, chianged the font size and then typed
R.1.P on the cross. But the text, being encased in a white region, overlaid the cross and
hid some of it. "It's covering."

*What do you have to do?"

""Make them smaller" as he changed the font size.

"Or make them transparent." Logan selected modes and selected transparent. He
increased the font size. Logan then added more text to the cross (Figure 4-10). He
selected the text and changed its mode to transparent.

"There you go. There is my illustration. Mrs. A is that good enough for my
illustration? Isthere any death music in here?" He then executed the file. "I can't really
use sound for mine. Oh that's all folks." Logan placed a sound icon at the end of his file
and selected the sound: '"Ta ta for now." But then said "Naw'". He then selected the sound
*That's all folks" and said "Yeah. That's what I want." He then closed all open windows
but the main file flowchart. '"Well where is my question?"

Bob asked, "Are you done?"

"I have to put sounds in first. Oh I forgot I have to use a puking sound.” He
executed the file. '"That was awesome." He then opened the sound icon and changed the
setting to 50% speed of execution. He then chariged the pause to last longer, executed the
file again, and saved the file. But the error command which did not allow saving more than
50 icons appeared on the screen. "Oh great" in a frustrated voice.

The researcher responded, "All is not lost. Don't panic. How much have you
added today?"
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R.I.P

Joe Blow From ldaho 1945-1991

Figure 4-10. Logan's cross with text commemorating Joe Blow's passing.

Logan opened the last group icon saying "That" and then opens the second last
group icon and said '"That too."

"These iwo we are going to cut to the clipboard." Logan selected the command cut.
"iet's undo that and see if we can cut only one of them {and still save]." Logan selected
Undo and tried to save but again the error message appeared. The two icons were again cut
and then the file was saved. A new file was then opened and the two group icons were
placed in it. He saved this new file.

"Are you finished then?"

**Well basically."

*Just some cleaning up to do?"

"Yeal]"

*Next day we'll put them together." Logan quit AP as the class ended.

. As class began the computer was on. Logan opened his folder containing
his files. Logan's two files for his final project were visible. He opened the second one
and executed it. But because the group icons were no longer attached to a decision icon the
automatic erase and pause were not present. Logan added a pause and erase 1o the first
group icon. He executed the file. He then added a display icon to his list of icons. He
copied the bear image from the scrapbook and placed it into the display icon. Logan added

text After having Joe for supper Smokey drove back to the cave to
have a sieep. Unfortunateiy for him he never woke up due to a

hunter shooting him and using him in his house for a bear rug.
Logan then set the zoom from line effect for this display. He cpened the icon with the image
of the cross and copied its contents. He then added another display icon and placed the
cross image into it. He changed the inscription on the cross to Smokey Bear-f
tegend in his own time. Because the text was now longer it covered the cross.
Logan attempted to use fills and lines to change this but could not find modes. He then
shortened the text by removing the word own. Logan jumped to icons and placed an erase
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icon in the file which he set to erase the first display with a fade out effect. L.ogan executed
the file again. Some images overlaid each other so Logan placed an erase icon in the list to
erase the first cross image. He asked the researcher, "Okay now how do I get all my
project in one?"

"You've saved all of it?"' Logan saved the file. "You've error checked all of it and
it all works?"

"I think it does."

"What 1 would do is error check both parts to be sure they are perfect and then I'l
help you put them together."

"Okay." Logan executed the file. He then added another display icon after the first
cross image. He added text to this icon. But now this text did not erase when he executed
the file so he added another evase icon and set it to erase the text. He then executed the file
again. Logan added a sound icon to the file. selected a sound and executed the file. *Let's

run the stupid thing." Logan added text to his file "The hunter was mutilated by

Smokey's mother ..." using the names of two classmates Bob and Mary in the final
text.

After these entries Logan was finally finished. The full-blown AP package was
loaded onto Logan's machine. He opened each of the two files and copied the contents of
the second file into the first one. He then had one large file. Logan then made a few more
changes so that the two executed properly when in one file. He then saved the file. He
also packaged the file so it would 'stand alone' without AP. He made a copy of this stand
alone packaged file to send to his aunt in Seattle so she could see his work.

Findings and Outcomes

These two cases have provided information for considering the nature of students
creations, the patterns and techniques they have used. and insight into the interaction
between the student and the computer environment. Students' activities and interactions
were different for each of the two students and varied through the course of their
interactions with the AP environment.

As Susan began her multimedia production she was already talking about it as a
story. She was planning the format of the story with text and graphics. She began with an
image of the main character of her story, Cheeser the Mouse, and a storyline which was
about a mouse eating cheese. However, when she attempted to draw she found it
impossible to create the shapes she wanted in AP. Although she had the options to use an
outside drawing tool, Superpaint, she found it difficult to use. She changed the story to
accommodate these drawing restrictions and made her story about a mouse eating pizza.
Through this example the softwaie enframed Susan's story and production of it by its
restricted drawing capacity.

The next challenge Susan set for herself was the creation of a move-object
interaction. She stated that she did not "know where anything is. I'm so confused." A
common difficulty in any programming task is to know the extent to which a the program
code has been executed when in the midst of it. Another difficulty in any kind of computer
code is to know which code has produced particular results upon execution. AP is an icon-
based programming language with icons rather than text-based programming (written line-
by-line with syntax and semantics). One reason for using icons is to alleviate these
difficulties. For Susan it may have reduced but not eliminated the problems. AP uses a
flowchart on which to place icons. This flowchart implies the execution pattern by its
structure. However one must be able to adequately interpret the flowchart to extrapolate the
execution pattern. Susan seemed not to have mastered this interpretation task although she
was still able to create a file. In a traditional text-based programming task Susan likely
could not have proceeded if she did not understand the structure. In this case she required
assistance before proceeding as well. Is this icon and flowchart interface really an
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advantage over text-based interfaces as is often claimed? It is a question worthy of further
study.

Y Susan often executed her file in order to determine if it was free of errors. Upon
this execution it was often found that it did not run as expected. In such cases the file was
often reexecuted, sometimes more than once, in order to determine the location and nature
of the difficulty. It seems that Susan's understanding of her file was procedural in nature
as she needed to see it reexecuted to interpret it. In AP the program always executed
although not necessarily as planned. Thus there was immediate feedback to programming
efforts and the potential for questioning of one's activities. The task for the student then
became determining where her/his interpretation of how this would execute differed from
the actually execution pattern. Features within AP which assisted Susan in the search were
the commands show current icon, pause, and jump to icons which she used more
extensively when difficulties arose. These assisted in locating the icons in question and
allowing the investigation of options set and flow paths defined.

On day 3 Susan had incorporated a movie which played repeatedly without end.
Susan wanted this movie to play a finite number of times. She first tried to solve the
problem by placing erase icons after the movie icon. They would not execute because the
movie would not end. She then surveyed other icons which followed the movie icon to see
their contents and structure but she was unable to see any changes she could make. She
then surveyed the movie icon options but made no changes. She seemed unsure as to
which of these (if any) might affect the desired results. She then again placed erase icons
following the movie icon. Finally she asked the. researcher for assistance and erase icons
were suggested. Thus far four approaches to solving.this problem had been attempted.

At this point Susan paused from solving the problem directly at hand and asked the
researcher if it was possibie to execute only the portion of the file which she was attempting
to error check. The idea of using flags was suggested. Susan then was able to make use
of these flags in attempting to solve the problem of the continually turning book.
However, Susan took another side venture renaming each of the icons so their contents
were clear without opening them. This would also assist Susan in error checking her work
as <he would easily be able to locate items in the flowchart. However in this renaming
zioeess Susan destroyed an icon and had to find a way to reccver it. She created another

..a t0 be repaired before returning to her initial problem.

Finally Susan returned to the turning book problem. She checked the options for
«ic decision icon to see if they could be affecting the way her program executed (or did not
in this case). She also checked options on the erase icons and changed these options.
Finally she opened the optiors on the movie icon and set them to play the movie only 3
times. This was a partial solution. However Susan wanted the book to turn until the user
pressed the button on the mouse input device. She acquired the researcher's assistance but
the approach suggested was not successful. Susan accepted the partial solution of playing
the book 5 times and providing a return key for users to press when they had finished
reading.

In this problem solving sequence seven strategies were attempted to solve the
problem: 1) place erase icons, 2) survey icons following the movie, 3) survey movie icon
options, 4) ask the researcher, 5) check decision icon options, 6) check erase icon options,
and 7) set movie icon options. These strategies were enacted through moving about in the
environment and checking options of various types or through trying a strategy and finding
it was not successful. Consulting the researcher is considered another form of interaction
within Susan's environment and was used as a strategy by both Susan and Logan. In
solving the problem other sub-problems were solved which assisted Susan in better
addressing the main problem. She solved the problem of how to run only a portion of her
file and renamed her icons thus assisting her to better handle error-checking. Susan created
a problem when she accidentally eliminated one of her icons. She had to recover this icon
before she could proceed. 3Solving sub-problems, or other problems that emerged as a
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result of her actions, was not only evident in this problem solving sequence but in others as
well. The creation and elimination of problems was a continual process for Susan as she
created her living essay.

Susan created images to accompany the story text of her living essay. She was able
to do this using drawing tools in AP and the pencil tool in Superpaint. These tools
simulated the use of a pencil or pen in drawing but also allowed for the drawing of specific
images like rectangles and ovals without the addition of extra drawing apparatus like a
compast or straight edge. This meant she did not have to enter code in order to accomplish
her tasks. However this also meant that to draw objects (other than rectangles and ovals)
like triangles in AP they had to be constructed from lines. Susan tried to fill the triangle
with a pattern. Although the software would accept the attempt to fill it would not execute
this command. Susan then grouped the lines and attempted to fill the triangle again but was
unsuccessful. Susan did not realize that the construction of three separate lines was not an
object and thus could not be filled. However, her attempt to group the three separate
objects into one showed some beginnings of this idea.

The action of grouping of three objects did not create one object but only a
collection of objects. However the software indicated an object by placing small black
markers on the periphery in a rectangular arrangement around an object. When one
grouped objects into a collection the same black markers were used to indicate a collection
of objects rather than a single object. The interface was to be questioned. A collection of
objects could be acted upon and moved as one entity. However this did not indicate an
object. It was clear that Susan realized after her first efforts that she needed to have one
entity in order to act upon it. However it seems she assumed that grouping would create an
object which could be filled. This she discovered was not the case. The ambiguity of the
interface was a problem for her. Using the same indicators for groups of objects and single
objects was confusing.

Susan drew an oval to represent pizza. She drew small ovals within it to represent
toppings on the pizza. She changed the size and shape of the pizza and toppings together.

She also changed only the ot 2vai in one action. Through these actions one infers that
Susan had begun to struggle v« : "= “ificrence between an object and a group of objects.
In Figure 4-11a a triangle is dr. »%: 2. - single object. The lines in this triangle cannot be

edited individually and canno te coiete? -ndependently of the other lines. When this object
is stretched Figure 4-11byesuit. if a triangle were created using three separate lines as in
Figure 4-11c it could be grouped into a collection of objects. It would then look like
Figure 4-11a. However, when this collection of three lines is stretched in a similar manner
as ihe triangular object (Figure 4-11b) the result appears in Figure 4-11d. Notice how the
bottom line has become disconnected from the other two lines. The triangle is no longer
intact due to this change in orientation of lines to one another. This is a simple example
with only three lines. This effect can be far more serious when the initial graphic
construction is more complicated.

Susan had used the drawing tools in AP to create a rectangle as an object and fill it.
Using the rectangle tool enabled her to act upon that object as a single entity allowing her
the possibility to fill this object with a pattemn. Clearly AP can identify the region bounded
by the rectangle and thus can fill it. When Susan tried to create a triangle and fill it no such
tool was available. She created three separate lines and grouped them not unlike the
example in Figure 4-11. However she discovered that when she attempted to fill the group
of objects she could not. The group of objects failed to act like a single object even though
the screen indicator of a single object and a grouping of objects appeared to be the same.

The screen interface breaks down because the same indicator is used for more than
one meaning. Users of computer interfaces like AP's need to understand that (a) an object
maintains orientation of its components and (b) actions must occur in regard to the entire
object and cannot occur in regard to components of the object. A grouping of objects on
the other hand may or may not maintain its orientation when edited and individual objects in
the grouping can be acted upon if ungrouping is done first.
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(@) (b) (©) (d)
Figure 4-11. (a) Triangle created as a single object,
(b) Triangle (a) after 'stretching'
(c) Triangle created with 3 single lines,
(d) Triangle (c) after 'stretching’ as in (b).

Why is it important for users of graphic interfaces and software to be aware of the
distinctions between object and grouping? For any particular task the use of an object may
be more beneficial than a group of objects or vise versa. An understanding of this
distinction can assist students in being more functional in generation of images and the use
of them once created. Mastery of the tools requires the acquisition of concepts compatible
with the tools. Susan demonstrated a lack of compatible concepts and the difficulties this
can create. Also, by understanding the tools the products of the tools can be understood.
Is the output of a graphics package one object or a series of parts grouped together?
Anyone who has ever been involved with desktop publishing or transfer of a graphic from
one platform to another will likely have experienced the frustration of the destruction of
graphics because the new platform would not maintain the orientation of a grouping of
objects. However when converted to a single entity the object can often be transferred with
success.

Susan experienced this frustration when she attempted to transport her mouse and
cheese. She could not seem to move both pieces. Even when the two appeared to be in the
clipboard she could not manage it. One difficulty may have been that she used an older
version of Superpaint (which may have created this problem). Another difficulty seened to
be the limited memory capacity of the computer through which she attempted theze actions.
A third difficulty was the format of the graphics images. The particular format she used
kept the pieces of the image as individual objects. She grouped them together in order to
move them. In retrospect, perhaps creating one object rather than a grouping of objects
would have solved the problem.

Susan's actions of first creating a graphic object and acting upon it demonstrated the
feature of object as one entity. When she created three objects and grouped them they
appeared to be a single entity so she assumed she could act on them as one object. But
despite her action of grouping they were still three objects, each created individually, rather
than one object. Susan then demonstrated that changes of size, shape, and location of a
collection of objects can be performed in her example of drawing pizza. But notice that
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there was no attempt to group these objects but only a selection of a number of distinct
objects.

Through these explorations Susan has explored actions upon individual objects, a
collection of objects and grouping of objects. Some actions, like filling a geometric object
with a pattern, can only be applied to objects. Such can be applied to an individual object
or a collection of objects (like filling a collection of 3 circles each with the same pattern).
But the action of filling cannot be applied to fill the space between three distinct objects as
was the case in this student's actions. So the action upon objects and collections of objects
is consistent but it is the generalizing of these actions to groups of objects as if they were
one object which is problematic.

Susan not only drew her own graphics but she connected to a file server and the
contents of a hard drive in order to access public domain graphics as well as sounds. The
process of connecting to these peripheral devices was confusing to her, as it was initially to
Logan. The process of navigating information sources is an important skill in a computer
environment. The sharing of information on-line can be facilitated by network connections
between hard drives. However the information sharing between Bob, Logan and Susan
was person-to-person, between Bob and Logan (in regard to finding images and sounds on
the hard drives) and then between Logan and Susan (so she could alsc access these files).
Communication within a computer environment can occur between users about the
computers and network, or can occur through the computers in regard to information stored
on the network. The first usage sees the computer as the subject of study while the other
usage makes use of the computer as the source or medium through which information is
acquired and shared. The computer is a destination for the storing of information. The
computer is also an environment through which information is generated as in the case of
these students stories within computer files. But, what is this information in this case?

Susan had been writing her story and creating her computer file in the process. She
reached the point that she could no longer add to the flowchart as it was full of icons. She
needed to restructure her flowchart in order to continue. This task took her most of a class
to accomplish. She commented, "I didn't hardly do anything this whole class."” During
this class she had not created new "pages" of text and graphics in her file so she had created
little new information. On the other hand, as far as generating new computer code, she had
changed the structure of the file significantly and thus had generated or varied code
extensively. But to her this was hardi; doing anything. It seems that for Susan the
primary task is to create story. Creation of computer code and structure within the
computer file is secondary and only the means through which the primary task is
accomplished. 'Information’ for Susan is story extensions.

As Susan proceeded with her production efforts her style of interaction with the
software seemed to change. Early in her production she would decide what was to be done
and thzn struggle with the accomplishment of the task. She would have to figure out how
to generate a graphic, create an interaction, or display-pause-erase sequence. However
later in her production efforts the task of generating seemed simplified. She added a group
icon, placed a display icon within it, and added text and graphics to it. Finally, she added
wait and erase icons and the sequence was complete. She then produced another sequence.
She seemed freed at this point from the struggle with the software (medium) and able to
almost automatically deal with it. She was then able to concentrate on her characters and
the development of story.

What is the process that enabled this change? It seems that Susan had begun to see
a pattern of activity which she could use in creating in AP. Although she initially had
difficulty with AP, through her activities she became able to function within the interface.
She seemed to have found a pattern of interaction which was functional. Her pattern of
activity seemed to have been generated through actions from a background of non-patterned
activity. Varela, Thompson, and Rosch (1991) describe olfaction (the sense of smell) as an
example of the relation between perception and action. This description seems to propose a
method by which Susan's initial activities emerged into an organized pattern of activity.
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Over many years of research, Walter Freeman has managed to insert an array of
electrodes into the olfactory bulb of a rabbit so that a small portion of the global
activity can be measured while the animal behaves freely. He found that there is no
clear pattemn of global activity in the bulb unless the animal is exposed to one
specific odor several times. Furthermore, such emergent patterns of activity seem
to be created out of a background of incoherent or chaotic activity into a coherent
attractor. ... Smell is not a passive mapping of external features but a creative form
of enacting significance on the basis of the animal's embodied history. (p. 175)

In Susan's case, she began interacting with AP based upon some of the information
she had seen in the instructional simulations (IS's). This initial exposure to the features of
AP provided her with a framework for acting. However, her actions were not determined
by these IS's but were based upon her perceptions of the IS and her perceptions of AP.
She began to take action in AP and experienced an inconsistency between the output of the
program and the output she expected. (The movie kept on running). She devised
strategies 10 solve the problem. One of these was looking at the options in the movie icon.
However she did not initially see how to change these to solve her problem. In fact she
had to return to checking options repeatedly before she finally began to change the options
and thus take action to solve the problem. Initially these options were not possible
solutions to Susan but later they became the place to solve her problem. From the
“background of incoherence' came a "coherent attractor." Varela, Thompson, and Rosch
(1991, p. 176) suggest that "cognitive structures emerge from the kinds of recurrent
sensorimotor patterns that enable action to be perceptually guided." Susan demonstrates
perceptually guided action through repeated attempts at solving this problem she has posed
for herself.

Fiaget laid out a program that he called genetic epistemology. ... The [newborn]
child begins with only her sensorimotor system, and Piaget wishes to understand
how sensorimotor intelligence evolves into the child's conception of an external
world with permanent objects located in space and time and into the child's
corception of herself as both an object among other objects and as an internal mind.
Within Piaget's system, the newborn infant is neither an objectivist nor an idealist;
she has only her own activity, and even the simplest act of recognition of an object
can be understood only in terms of her own activity. Out of this, she must
construct the entire edifice of the phenomenal world with its 1aws and logic. This is
a clear example in which cognitive structures are shown to emerge frcm recurrent
patterns (in Piaget's language, 'circular reactions") of sensorimotor activity.
(Varela, Thompson. and Rosch, 1991, p. 176)

Susan has begun to demonstrate coherence in her activities with AP. From her
increasingly coherent activities we can infer that her cognitive structures are changing
through her actions. Her initial image of the movie icon may have been to simply play a
movie. That the movie needed to be stopped was not an issue. Perhaps it was assumed
that the movie would stop. Or perhaps the issue of stopping was not evident to Susan.
However when she ran the program and the movie failed to stop the issue became quite
evident to-her. The issue of stopping a movie was now part of her cognitive structure.

Another instance of Susan's perceptually guided action was evident when she
found that three display icons had the same difficulty. When the program was executed the
display icons did not pause before being erased. The story created was satisfactory but the
execution of it was not and did not allow the reading of the story. Susan grouped the first
display icon into a group icon, added a wait icon to it in the position after the display. She
executed the file. The text in the display now could be read. She foliowed the same
strategy for the last two display icons, grouping and adding a wait icon to each. Susan
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recognized that the same problem existed for each icon. She devised one solution which
was repeated for each. In this case she had to step away from concentrating upon the story
to solve a story execution problem. She was then able to retumn to the creation of her story.

In this example of Susan's activity it seems that her story development was
punctuated by AP production skills in her later efforts. She had found a means of file
production that allowed her AP strategies to become automated and thus moved into the
background of her concentration. She was then able to concentrate upon the story and
characters which were in the foreground. Another example of this automating of
production occurred when Susan was working with the multi-part image of the mouse in
bed sleeping. The icon containing the image took a while to close. While Susan waited the
few seconds she moved her screen pointer to the upper left comer of the screen in
anticipation of the close window indicators appearance and her subsequent selection of it.
The software and interface no longer stood between Susan and her story, separating her
from it. However it did not facilitate the production of the story either. The interface
simply became the space in which the story was created. Susan. through her actions and
history of interaction with the computer software, brought forth a world which was
occasioned by the sphere of behavioral possibilities. The computer software, by its design
and structure, made particular possibilities available to Susan. She selected from these and
acted in accordance with her selections.

Susan created a multiple choice question about the best food to eat to lose weight.
This question and answer sequence used an interaction icon. Although it may be termed an
interaction it is not the sort of full communication one would expect between two persons.
Through the software's functions certain types of interactions (example: question with text
answers, drag-object questions, and click/touch answers among many others) are
facilitated. These software functions encourage the use of such interactions. However
there are many types of interactions which are possible between two parties which go far
beyond the mere asking of questions and receiving of answers. The lack of functions to
facilitate these additional types of interactions eliminate or reduce the likelihood of these
types of interactions.

When one interacts with a computer one is interacting via a computer interface. The
user of the computer has the one face. Is the computer supposed to possess the other face?
Occasionally throughout their interactions Susan and Logan did talk to the computer as a
pseudo-other but these instances were rare and usually when the file did not execute as
desired causing frustration for the student or when a sound or image appeared that was
pleasing. It seems that the computer 'possessed a face' when students expressed emotion
when interacting with the computer. However these instances were infrequent.

The interface, however, is an important part of interacting with a computer. The
user makes sense of the computer via the interface. The interface structure determines the
actions which are possible and so occasions students actions within the context of the
computer environment. Logan, for example, began his production of the living essay by
interacting with the interface and trying to determine the effect of setting the options. These
actions were occasioned by the structure of AP and Logan's interaction with it.

Susan looked to her teacher in determining whether she had completed the task as
the teacher defined it. The requirement of a picture imported from the hard-drive was a
problem. It seemed that these images did not 'fit' into Susan's story. She had to construct
another sequence in her story to meet this requirement. When Susan felt that her story was
completed she checked with the teacher to determine that she had met all requirements of
the structure of the story. The teacher confirmed that Susan had the required functioning
components to meet the requirements. These requirements were simply to construct a story
which contained graphics, sound, a multiple choice question, an animation or movie and a
text story or essay. Some elements of story, namely character and plot, were included by
students on their own initiative. Students determined that these elements were necessary
for a story to be told.
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The subject of Susan's story is one of a mouse who needs to lose weight. When he
is successful he is rewarded with presents and "feels really good". With all the controversy
about adolescent female body image and lack of self-esteem in mass-media today it is
interesting that Susan chose this topic. Susan was an attractive 16 year oid at the time of
this study seeming to be confident and self-assured. Did her story reveal something of
herself that was not evident to the observer? Perhaps this story revealed something of
Susan's history which she brings forth in the writing of her story. "We exist in the
present; past and future are manners of being now." (Maturana & Varela, 1987, p. 241)

Logan's story had subjects of nudity, death, and revenge. Perhaps Logan's
experience with mass-media also had influenced this work and his history had become
evident through it. Logan's story may have been a bit of a 'soap-opera’ with the unusual
characters of bear and hunter. As Logan began this production his attention was focused
not upon the story or characters but upon the options to be set to erase screen displays. He
explored she options to erase the feedback to a question by systematically changing the
option, executing the file and then changing it again. Logan seemed to discover that when
feedback icons were set to exit the interaction the options to erase feedback before next
entry, after next entry and upon exit all functioned to erase the feedback upon exiting the
question. Cnly the don't erase option functioned differently keeping the feedback from
being erased upon exit. However Logan stated later that he did not understand the erase
feedback features. It seems strange that if only two functions are possible that all four are
available for selection. Perhaps the interface is again a problem confusing the user in
production of an interaction in AP.

Logan continued to explore options for erasure of the question, the feedback, as
well as the answers entered. Through his interactions Logan explored the ways this
software interface 'worked' to accomplish the tasks of erasing screen displays when
involved in interactions. Early in these explorations it was unclear whether Logan
distinguished between the three types of entries in an interaction which were the question
itself, the answers entered, and the feedback to the answers. However he was able to find
a solution to his difficulty by interacting with the software and exploring different
possibilities.

Logan generated this experience for himself based upon a perceived difficulty he
was having. Perhaps these activities address the question: How do students create
experiences for themselves from which they may learn and construct understandings of the
computer-enhanced environment in which they are immersed? What is the nature of these
interactions? In Logan's case he expected the execution of the file to have a different
outcome than what occurred. His response to this difference was to explore systematically
until he determined a solution which produced an execution compatible with his
expectations. However, from his later comments, it was likely that he did not understand
why this new compatibility had occurred. A computer teacher could create activities to
provide opportunities for students to experience circumstances for the systematic
exploration of computing environments. However such activities alone may not enable
students to understand the circumstances and generate functional patterns of behavior.
Perhaps the opportunity for students to discuss these difficulties and their explorations with
other students or the teacher wouid enable students to better understand their findings.
Through such an approach students would be able to use their history of interaction
(findings) as a basis for interactions in novel circumstances which students might recognize
as having structures similar, but not identical, to those already experienced.

An example of a student discussion which may have assisted student understanding
of procedure occurred in regard to the grouping of icons. Logan wished to group a number
of icons together. Bob suggested he do this and further suggested to Logan a method to
achieve this task. "Just select the ones you want to group." But Logan was unable to
group the icons on his first attempt. He then selected all the icons he wanted to group.
Bob stated that he should just select the group command, however, Logan did not trust that
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this would work now as it had not in the last try (because he had not selected them
appropriately). The researcher made the same suggestions that Bob had made "select all of
it and then under edit say group." This time however Logan tried using the group
command and was successful in grouping the icons. It was unfortunate that the researcher
was present as the 'expert' to confirm Bob's suggestion because had Logan tried this
suggested procedure directly he would have confirmed it for himself through his actions.

Logan's difficulty in the above examples can be characterized by a difference in
student perception of what should happen and what he experienced to happen. This led
Logan to try different strategies in achieving compatible results. Strategies are frequently
generated and explored through students' actions. When the student interacts with other
students or teachers and executes the file it assists in confirmation and generation of
strategies. By devising strategies to solve their own problems, students can enact a history
of activity. Through these actions students enact a domain of possibilities which enables
them to solve their own difficulties.

When Logan wished to create a move-object interaction he was clear about what it
was he wanted to do. The bear would be dragged to the tent and the bear's nose would be
placed into the opening of the tent flaps. This motion was to simulate Smokey the Bear's
looking for food. To accomplish this task required the production of a complex series of
procedures resulting in a complete question. Logan wanted the researcher's assistance with
this task. It appears that the nature of the assistance was to 'chunk' this complex procedure
into manageable pieces which he knew how to accomplish. Perhaps the instructional
simulation should have used this approach in teaching the creation of a drag-object question
thus facilitating Logan's remembrance or re-conceptualization of the procedures.

In viewing the interaction of the researcher and Logan in regard to the creation of
the drag-object interaction the researcher would ask questions. Logan would answer the
questions in words or he would use the screen pointer to point to an icon, open options, or
perform an action. Logan would sometimes begin to ask a question or make a statement
and finish it with a pointing or selection action. Thus his actions with the screen pointer
became gestures used in the conversation.

In the conversations a language developed among participants and with the
researcher through interactions to describe procedures and parts of AP. The names of
options were referred to like objects. For example, Logan stated, "1 like fade oul", in
regard to the option set to erase the bear image. He later stated, "If you go try again it goes
back." Meaning if one selected the option try again it would result in the question being
asked again. When reading these accounts it may be difficult to decipher the context
specific language of these interactions. The language developed used the names of options
as names of objects. This language usage was not formalized but rather was grounded in
the interactions within the context.

Logan interacted with classmates, the teacher, and the researcher in getting feedback
about his file. On a number of occasions he asked for feedback about his production. It
seems he had several different purposes to these requests. In some cases he wished to
demonstrate his project of which he was proud. For example he said, "Does somebody
want to read my story. It's interesting." Logan also wished to determine if the project was
effective. He said to Bob, "Here read this. Do you think this is good?"" In another case he
asked a student to "Run this' but the student did not. The teacher ran it instead but
encountered some difficulty with the execution. Logan 'fixed' these difficulties by pausing
the execution and then continuing.

When Logan began to write his story he chose the character of Smokey the bear
using an image of a bear from the public domain images available on the hard drive. He
also chose images of a car and a tent in designing the plot of the story. It seems that the
availability of these images mediated his choices and the subsequent story. Logan wanted
to have a character go camping. He had a tent image to assist him in illustrating this story.
To create the action of 'going’' Log#n chose a car to stand for Joe Blow and animated the
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car off the screen. The conflict between man and nature was described but from the bear's
point of view. The bear was initially victorious in this conflict but succumbed 10 the
dominance of man. However, Smokey's mother took revenge on the hunter and mutilated
him perhaps demonstrating the power of nature. The final results were two crosses, one
for man (Joe Blow) and one for nature (Smokey).

Conclusions

An extended case study approach to the data aliowed for the development of an in-
depth understanding of the students' computing concepts and an examination of some of
the activities which brought each student to her/his level of competence. Views of how
students conceptualize and construct a task in the AP environment were revealed in the
analysis of recordings of the students' projects. Student competencies in use of skills
expanded and developed throughout the final project phase.

The focus of student attention during the development of the living essay was at
times the creation of a story or essay. Students seemed immersed in the characters and
story. The development proceeded with little regard to the computer medium in which the
development took place. At other times there seemed to be more concern with the
development of skills and concepts of the medium in which the production was occurring.
The work was skillful or exploratory in nature as students sought to understand the
medium. The story and characters were secondary to the goal of understanding the
medium.

As Susan began her living essay she typed text introducing her main character and
his conflict. She paused to wonder about structuring her story and then proceeded to create
images and text of her story. Logan, on the other hand, embarked upon the production of
the living essay by examining features of AP. He created an interaction. asking the user of
his file if they wanted to proceed. He was immediately embroiled in concerns about the
structure and function of AP. Susan also encountered difficulties with her production (in
regard to Superpaint) but was able to resolve these difficulties with the researcher's
assistance and then she proceeded. In the face of the limitations of the environment in
which she worked (drawing limitations of AP and the difficulty importing graphics from
Superpaint) she brought forth a different story. Logan proceeded to build his story after
receiving assistance from the researcher. He introduced the story conflict and then
concerned himself with effects options in AP and the introduction of sound into his story.
These initial activities of these two students indicate a difference in their orientation as they
embarked upon the production of the living essay. Susan's story seemed to be in the
foreground and her main focus. Problems with the software were background which
occasionally emerged and forced her to pay attention to the computer elements. The story
seemed to be the setting through which she encountered the medium. Logan's activities
indicate that the medium (AP) in which he created the story was prominent as he embarked
on the living essay production. The setting seemed to be prominent with the story being
developed through the medium.

The graphics selection or generation also seemed to emphasize the prominence of
either medium or story. In Logan's case he selected images which were available on the
file server. He built a story around the characters ii1 these graphics. Logan only drew
graphics because one was required for completion of the assignment. He drew the simple
cross graphic and copied it so he wouldn't have to draw it again. Susan generated graphics
to provide images for her characters. She redrew these graphics to illustrate the developing
story. She sometimes drew these graphics from scratch, even though they might have been
copied because she had difficulty with the copying procedure. Susan only selected
graphics from those available on the file server because they were required of her for
completion of the assignment. She accomodated this requirement by altering the story and
adding another character. In Susan's case she generated-a siory from her history and
structure enacting the medium through the story. Logan, immersed within the medium
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generated a story enacting the sphere of behavioral possibilities available through the
medium based upon his structure and history of interactions (some within the medium).

A distinction in how students think and produce in the computerized environment of
AP can be made in comparing the processes used early in the development and later in
productive efforts. In later development efforts both students began by placing text or
graphics on the screen. The file was executed. Based upon this viewing (and possibly as
an extension of it) the next step was created. The file was reexecuted and the process of
development continued. This has been named the iterative model as it involves the
reenacting of a simple cycle, but the cycle never is exactly the same and never produces the
same results. A model of this development is provided in Figure 4-12. Note that the outer
activities encompass the inner activities. In this model the student-author views past efforts
and then builds upon them in an iterative way by moving further from the starting point but
incorporating the starting point as the work proceeds.

Figure 4-12. An interactive pattern of product development.

During early development sequence. particularly for Logan, something interesting
was created and saved (his initial question). Another seemingly independent product was
created (the title page with zoom effect). A further seemingly unrelated sequence was
created (first story sequence). Upon return to these sequences, editing occurred. Each one
may have been based on ideas that appear to be generated from information in the hard
drive, graphics, sounds, or other students. The sequences were grouped together into
group icons. The title page and story beginning icons were placed upon a decision icon.
However, the initial question asked remained outside the decision icon unconnected to the
rest of the production for a while. Eventually this question was grouped and added to the
decision icon but only at the researchers suggestion. A model of this developmental style
appears in Figure 4-13.

In Figure 4-13 we see a number of different developments each revolving around

an idea (shown by the ®). Some of these developments are related (indicated by the dashed
arrows) but one is shown here that is apparently unrelated to the others and is isolated from
the others. Logan was observed working on a program sequence which he did not link to
the others but worked on in isolation from the others. These others were opened, closed,
reopened. and seemed cognitively joined by the action of working on all of them
simultaneously but the one program sequence was not incorporated, thus, it is shown in
Figure 4-13 as isolated from the others. This style of development may be thought of as a
parallel processing model of de:'elopment as it appears to be work on more than one project
or idea simultaneously.

These two styles of product development may indicate students conceptions of the
process of development. By comparing these two styles it is apparent that students think
about production differently at different times in the production. It seems that at times
students are building strings of information while at other times they are building collages.
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Figure 4-13. A parallel processing model of development

Both students were involved in the activities and made use of the 1S in the process
of concept development. Using concepts developed. students could act upon them in the
activities and further develop concepts. The skills and concepts developed enabled students
to generate interactive products while in an interactive mode. Figure 4-14 1s a model of this
development. In its center are the patterns and processes that Susan and Logan used in
developing products and thereby developing concepts. Students using the IS and
completing the activities actively developed concepts, moving from IS to activity to IS to
activity.

When these students completed these activities, and sometimes before this
completion, they began working on larger productions based upon their own ideas, upon
activities and programs they had created, on teacher or other students suggestions, upon
images and sounds availab'e in public domain file, etc. Each began a process of using AP
to create a final project. The ideas for the stories and the impetus for the developments
came through students actions. Topics seemed to be drawn from the personal interests of
students and from images and sounds available from public domain files on the hard drive.
They created stories of fiction, each devising a program based upon their ideas of what the
final project should be: whether a teaching program, a story, a comic strip, an animated
short story, a children's’ book, a video game, a programming exploration, etc. ... (see
Chapter 3). These productions were created when students began to have the skills and
concepts to express themselves in the computer context and based upon their ideas. It
appeared that students were enabled to develop these multimedia products.

Students' efforts in the creation of the living essay were interactive with the
medinm. Other students, the teacher, the researcher, sounds and graphics on the filc
servers and the computer itself all provided students with interaction possibilities. The
student interacted with the medium based upon prior experiences (history) and their
conceptions of the medium (structure). The students and medium codetermined students’
actions. The medium occasioned a sphere of possibilities. Students acted within this
sphere based upon their history and structure. Students activities and efforts iz this
medium were productive. Students generated products through their actions and
interactions. They also generated concepts and skills through their activities and
interactions. These 'products’ were evident to the observer.

In viewing students' interactions with the software the files produced were
executed. Results expected by students and the actual execution were not always the same.
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The student interacted with the software to determine why they were not the same and to
make the execution meet their expectations. The students, by their actions, attempied to
create understanding of these situations. In the words of Maturana and Varela (1987):

The business of living keeps no records concerning origins. All we can do is
generate explanations, through language, that reveal the mechanism of bringing
forth a world. By existing, we generate cognitive "blind spots” that can be cleared
only through generating new blind spots in another domain. We do not see what
we do not see, and what we do not see does not exist. Only when some interaction
dislodges us -- such as being suddenly relocated to a different cultural environment
-- and we reflect upon it, do we bring forth new constellations of relation that we
explain by saying that we were not aware of them, or that we took them for
granted. (p. 241-242)
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Figure 4-14. Patterns of conceptual development and enabling of productive and
interactive actions.

Evidence of students construction of new concepts and invoking of historically
based concepts is hard to find using traditional methodologies and representation
techniques for data. By exploring student's constructions in a computerized environment,
through in-depth video recordings in an intensive case study approach, the computer and
the context of its use can be viewed from a new standpoint: as an expressive environment
where students create multimedia products. But more importantly they construct a view of
computing based upon personal experiences and personal meanings. These findings have
broader implications than the computer environment mediated by AP and are applicable to
other computer contexts in which the computer can be used for expression of ideas and
creation of personal meaning. Further study is needed to uncover these meanings and to
explore these notions at a decper level. This study simply uncovers an opportunity which
until now has remained untapped.
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Implications

The findings of this study are twofold. They are methodological in that methods
have been developed to 'capture' the essence of students processes in the enaction of
concepts and skills. They are also substantive. These findings support the idea that
enactive approaches to knowledge building seem to operate in this interactive, dynamic,
and visual computer environment. Students have constructed concepts that are productive
through their iteractions.

The study addresses a need for understanding and knowledge of the developmental
nature of student-computer interactions. It focuses upon students' interactive and
productive actions and the ways icon-based programming (authoring) languages can
provide students with a sphere of behavioral possibilities (environments) through which
students enact skills and concepts which are productive and interactive. The data suggest
that computer research needs to focus not only on the products of student computer efforts
but on the processes they use in creating these products and the student concepts enacted
through these processes. By explorations of this kind enactive ways of viewing the
interactive and productive processes of students in a computer environment emerge. The
articulation and development of an enactive stance toward computer-education research may
become the future task of this field.
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Commentary

Chapter 4 concludes the scction of the dissertation devoted to explorations in the
domain of AP. Chapters 2, 3, and 4 have provided insight into 1) students’
urderstandings of concepts within this environment, 2) students' interpretations of their
actions within this environment, and 3) students' activities and iteractions within this
environment. The environment (the context in which the study played out) was important
to students' activities and interactions. It occasioned students' actions in a particular
direction. The role of the environment within these human-computer interactions has been
described.

To provide this dissertation with a broadening of view it is important to now view
another series of activities and interactions in a different environment. The environment
was constructed through the researcher's interactions with a computer, readings, and
mathematical learners/researchers. This environment is intended for the exploration of
mathematical concepts and thus occasions activity to this end. This environment is very
different from that of AP. The two environments taken together provide the impetus for
viewing human-computer interaction from an enactive stance which will be further
described in Chapter 7.

Chapters 5 and 6 provide insight into a mathematical exploration environment.
Chapter 5 overviews its features and functions and provides the researcher's view of some
of its usefulness and limitations. Chapter 6 describes and interprets students' explorations
of this environment.



Chapter 5§

Simultaneous Graphics Presentations in the Study of Non-Linear Dynamics

Interaction with computers enables students, teachers and mathematicians to explore
complex ideas of mathematics. in particular that of dynamic systems and chaos theory. The
purpose of this chapter is first to describe some mathematical concepts in the study of
dynamic systems and chaos theory. Secondly, two computer programs used for
exploration of these concepts are described. Finally, the chapter discusses the types of
graphics inherent in these computer programs and their values and limitations in regard to
developing understanding of the mathematical concepts. The chapter specifically describes
the graphics used by the computer programs and considers the features of each graphic
which are most salient. These graphics are then considered together and the value of
simultaneous presentations for exploration of mathematical concepts is discussed. Finally
the limitations of use of these computer graphics is discussed.

Explanation of Mathematical Concepts

Iteration. To iterate means (in broad terms) to repeat a process over and over again.
In the study of mathematical dynamic systems, the process that is iterated (repeated) is the
evaluation of a mathematical function. A function is defined here as a rule that converts a
set of numbers into another set of mumbrers. It is an action or process that changes numbers
each time it is applied or invoked. -~ :.example of a function that is common in mathematics
is the x2 function. To experiment wi( iteration of x2 use a calculator, enter 2 and then
press the x2 key. The result is 4. If the x2 key is pressed again, the result is 16. When the
function x2 is again invoked bty the keypress, the result is 256. This is an example of
iteration of the x2 function in which we entered 2 as the initial or seed value. The answer
or gutput was shown to be 4 after invoking the function. The output of the previous action
(key press) is the input for the next step in the iteration.

“The Logistics Equation. A set of functions important to the study ot non-linear
dynamics and which has been explored extensively by mathematicians is known as the
Logistics Equation: y = px(1 - x). By substituting different values of p into the equation
different graphs of the iteration result ,with each graph dependent on the seed value xo.

Iterate Graph. The type of graphing to be called Iterate Graph is generated by
plotting the value of the iterate on the y-axis against the number of the iterate on the x-axis.
This graphing technique provides a plot of the values of each iteration. However, these
graphs can become vary large as the number of iterates grows. Figure 5-1 is a diagram of
an Iterate Graph produced from the iteration of the function y « «(1-x) with the seed value
of .5 and iterates 0.25, 0.1875, 0.15234375, 0.12913513. The ordered pat¢ graphed are (0. .5).
(1, 0.25), (2, 0.1875), (3, 0.15234375), and (4, 0.12913513).
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Figure 5-1.  Iterate Graph of y = x(1-x) with seed value x=.5.
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h. A Cobweb Graph (Devaney, 1990) is a special graph which traces
the iteration of a function. This technique involves 1) drawing the function to be iterated
and the line y = x, 2) drawing a vertical line from the x-axis to the graph of the function at
the specified seed value, 3) drawing a horizontal line from the upper end of the last line to
the y = x line, 4) again drawing a vertical line from the end of the last line to the graph of
the function, and 5) again drawing a horizontal line to the y = x line. The process of

Cobwebbing repeats the drawing of vertical lines to the graph of the function followed by
horizontal lines to the y = x line.
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Figure 5-2. Cobweb Graph of Function y = 1x(1-x) with seed value of .5.

To generate a Cobweb Graph of y = 1x(1-x) the line y = x is provided (Figure 5-
2a). The Cobweb Graph is based upon the seed value of x=.5 (Figure 5-2b). The iterates
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are .5, .25..1875, .1523438, ... from a calculator. This pattern can also be seen from the
graph by drawing in a series of lines. 1) The first line is drawn from the Xx-axis to the
function at x = .5 (Figure 5-2b). 2) The second line is a horizontal line from the end of the
first line across to the y = x line (Figure 2b%. This line is at a height of .25 on the y-axis.
3) The third line is drawn vertically from the point (.25, .25) down to the function (Figure
5-2c¢). The process from here is repeated. Notice that the Cobweb Graph is really just a
staircase which descends. approaching the fixed point (0,0) (Figure 5-2d).

The drawing of a Cobweb Graph usually continues 1) until the lines of the Cobweb
approaches a point where the graph of the function crosses the y = x line (this point is
known as a fixed point and an attractor because it is approached), 2) until the lines of the
Cobweb begins to repeat themselves (a cycle has been reached as in Figures 5-3 and 5-4).
or 3) until it is clear that the graph neither approaches a value nor cycles (Figure 5-5).

It is difficult to determine whether the iteration cycles or not but graphing may help
to determine if patterns are present and what the nature of these patterns are (see Figures 5-
3 and 5-4). Graphing may also help to determine that cycles do not exist. In Figure 5-3 a
cycle that takes four iterations to repeat itself is evident in the 'boxes' in the Cobweb.
Count the number of horizontal lines produced by these 'boxes' to see that this is a four-
cycle.

1

Y
1
Figure 5-3. Cycle with period four (or four-cycle) for the Function: f(x) = 3.55x(1 - x).

In Figure 5-4, another cycle is apparent from the diagram. If you look at the
number of dots (which represent iterates) needed to return to a value you will see that 8
dots are needed. This means that an initial value is followed by seven dots before that
initial value is repeated. From both the Cobweb and Iterate Graphs a cycle is evident.
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icure 5-4.  Iterate Graph of an 8-cycle for the Function f(x) = 3.66x(1-x). Seed
value = 2.

In addition, graphs with values of iterates which do not cycle and do not approach
infinity are also possible. These iterates may appear to be random in that the values do not
repeat themselves (as this would be cyclic) and do not tend toward any direction (increase
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without bound or approach a particular fixed point). However, since they are based on the
iteration of a function, their values cannot be random but are completely determined by the
function. A large number of iterations are necessary to determine whether these functions
have cycles of large period or whether they do not cycle. If they are found not to cycle then
they are said to be in a state of chaos. Chaos does not imply unpatterned but rather a
particular class of patterns. Drawing both the Cobweb and Iterate Graphs, as well as
numeric values are helpful in determining these pattemns as they are not obvious. However,
drawing Cobweb or Iterate Graphs by hand is problematic for detailed explorations as
imprecision causes difficulty. Lines are often not truly horizontal or vertical and non-cycles
become cycles and cycles become non-cycles. As a result of this limitation two computer
programs were developed.

Materials

The Cobwebber. A computer program called the Cobwebber! was developed by
the researcher to facilitate exploration of concepts of non-linear dynamics and chaos theory.
It generates 'Cobwebs' of the Logistics Equation [y = px (1 - x), O<p<4] on the left side of
the computer screen simultaneously with an Iterate Graph on the right side of the computer
screen (see Figure 5-5). The purpose of this program was to enable the exploration of
graphical images of the Logistics Equation.
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Figure 5-5. Cobweb and Iterate Graphs of the Logistics Equation for the Function
f(x) = 3.7x(1 - x) when seed value is .75 and 45 iterations.

When Cobwebbing the restriction of the value of p to O < p < 4 provides that all
graphs remain in the domain 0 < x < 1 and range C <y < 1. This means that a box drawn
with equal sides of length 1 will completely contain the graph of the function. This is
particularly helpful for explorations on the computer screen.

To explore the Logistics Equation using the Cobwebber the user of the software
must enter the value of p (between 0 and 4). A seed value (between O and 1) must also be
entered. This program eliminates the tedious task of drawing the Cobweb Graph by hand
and allows for a large number of repetitions to be drawn quickly and effortlessly.
Permanent records of explorations can be kept by printing the results to a printer or disk. It
is possible to print from the computer while the program is running and then allow the
program to continue to run. This allows the user to ‘capture’ a series of images of the
Cobweb Graph as it is drawn.

I X-commands from the Zap-a-Graph Toolkit (produced and distributed by Brain Waves Soﬁware. Inc.,
Fitsroy Harbour, Ontario, Canada) were used under license in the display of the function graphs
incorporated into the Cobwebber.



she Another exploration medium called the
Spreadsheet Logistics Equation was developed using a spreadsheet program. The
Logistics Equation was entered into a row of 100 cel's in such a way that the value of one
cell was the input for the cell on its right. Thus the it ration of the Logistics Equation was
accomplished through the Spreadsheet Logistics Equation data file. The spreadsheet
program provided graphing capabilities in iterat~ Sraph format with the number of
iterations on the x-axis and the value of each iteratc « 1; the y-axis. By organizing the views
of the values in the cells and the graphs produced it was possible to see both the graph and
the values which had produced the graph simultaneously (Figure 5-6). Therefore it is
possible to compare the graph with the values exact to 8 decimal places. This comparison
made pattern noticing possible.
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Figure 5-6. Iterate Graph and lterate Values for the Spreadsheet Logistics Equation for

y = 3x(1 - x), Xo=.5.

Types of Presentations and Uses of Each

Three types of presentations of the iterates of the Logistics Equation y = ux(1-x) are
utilized in the two computer programs. These include 1) the Cobweb Graph, 2) the iterate
Graph, and 3) numeric values. Each of the three makes some features of the iterate values
or the patterns of iterate values salient.

web Graph enables a view of how one iterate value leads to the next. The
Cobweb Graph uses a finite space on the surface on which it is drawn to make the view of
the iterates possible unlike the other two methods. Two types of patterns are particularly
salient using the Cobweb Graph: 1) the iterates approach to an attractor (Figure 5-7a) is
clearly visible from the Cobweb Graph, and 2) after repeated iterations of a function
producing chaos, regions become black and others remain white which allows us to see
that even in chaos there are patterns (Figure 5-7b). A drawback of the Cobweb Graph
method is that in some cases although a cycle has been attained the graph is sufficiertly
cluttered that it is not possible to clearly see the cycle (Figure 5-b) while in other cases the
cycle is visible (Figure 5-8a). .

Iterate Graphs are also useful for viewing patterns of iterates. They can easily
portray patterns of approaching an attractor (Figure 5-9). Compare this portrayal of
y = 2x(1-x) with seed value of Xg=.1 to that in Figure 5-7a which is a Cobweb Graph of
the same function and seed value. The advantage of the Iterate Graph is that plotting points
on a graph is a skill that is utilized for other graphing situations and thus these skills may be
more readily transferred to the understanding of iteration than to begin internreting Cobweb
Graphs.
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Figure 5-7.  Patterns Clearly Depicted by the Cobweb Graph: (a) Patterns Approaching
an Attractor and (b) Patterns within the Chaos.
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Figure 5-8.  Cycles of Iterates (a) May or (b) May Not be Visible From the Cobweb
Graph.
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Figure 5-9.  Iterates Approaching an Attractor using an Iterate Graph for y = 2x(1-x),
Xo=. 1.

In Figure 5-10 the Cobweb and Iterate Graphs can be comparzd. Both graphs
show the first 45 iterates of y = 3.66x(1 - x) for a seed value of .25. However, the two
graphs show the same information in different ways. The iteration 8-cycle is obvious from
the Iterate Graph. This feature may be less noticeable from the Cobweb Graph. However
when the program is running the cycle is more evident because the graph no longer
produces new lines when the function begins to cycle.

Even when the number of iterations becomes large the Cobweb Graph is small in
area and can effectively represent this information in a confined area. The Iterate Graph,
however, would become very large continually adding to the right as the number of
iterations became larger. The patterns may be difficult to assess over such a large space.
An advantage of the Iterate Graph is the display of clearly distinct points which are related
but not connected. This feature is not obvious from the Cobweb Graph.

The display of both types of graphs ailows the comparison of the two graphs and
the association of them. While the period of the cycle may be clear from the Iterate Graph,
the interconnectedness of the points forming the cycle and the pattern of its progression
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may be more clear from the Cobweb Graph. Viewing the two graphs simultancously
enhances the understanding of the function and its iteration by allowing the user to see the
information from two points of view each making some features salient.
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Figure 5-10. A Cobweb Graph (left) and an Iterate Graph (right) for the function
f(x) = 3.66x(1 - x) in which the 8-Cycle is visible from the lterate Graph.

The numeric values and the lterate Graph provided together in the Spreadsheet
Logistics Equation have several important reasons for usage. The notion of iteration can
initially be explored using the function keys on a calculator. This is a numeric beginning.
The numeric values used in the Spreadsheet Logistics Equation can be tied to this early
understanding. The Spreadsheet Logistics Equation instantaneously displays all iterates in
an Iterate Graph format. This graph format has advantages as discussed earlier and the
instantaneous nature of the Spreadsheet Logistics Equation means that exploration results
can be achieved quickly. The presentation of the numeric values with the Iterate Graph
allows for the exploration -of patterns that are too fine to see only from the graph. In some
cases it may be clear that a cycle is present from the Iterate Graph but too difficult to
determine if it is an 8-cycle or a 16-cycle (Figure 5-11). Viewing the numeric values can
assist in making the distinction (Table 5-1). Every 16th value in Tablc 3-1is a very similar
value while every 8th value is related but not as similar in value. This can be seen by
examining the rows in Table 5-1. From such an examination it can be determined that this
is not an 8-cycie but a 16-cycle.

Limitations of Using a Computer For Explorations

The Cobweb Graph of a function in chaos becomes increasingly blackened as
iteration proceeds. Compare Figures 5-5 and 5-7b: does the Cobweb Graph arca become
filled? To answer this question we must consider the resolution of the screen on which the
graph is generated as well as the number of decimal places to which the calculations are
taken. Because we are drawing on a screen with the capacity to show only a certain
number of vertical lines and a certain number of horizontal lines, the capacity of the display
is limited. So when we calculate a value and draw it on the screen, the screen displays the
line closest to this value, rather than the exact value because of the limitations of the screen.
If we were to ‘zoom in’ on any region of the Cobweb Graph which initially appeared
black, thereby increasing the screens ability to show this region, we would find that it
wasn’t black at all but actually had white regions between the black lines but the screen was
simply incapable of showing us this detail. But if we allowed the program to continue to
Cobweb Graph we could eventually fill this space too if we draw long enough. But then
we could zoom in again and white regions would again appear. So when considering the
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question of screen filling. we can say that at one level the screen may appear black but on
another level we know that there is still distance between the lines and thus white space
between them.
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Figure 5-11. Iterate Graph of a 16-Cycle for the Function y = 3.568759x(1-x) with seed
value .5.

Table 5-1. List of Values for the iterates of y = 3.568759x(1-x) with seed value of .5.
Q82I8Y7S Q3368 Q80452452  OS612423 Q8788056 Q38009539 08488120 Q47749977
QSUBKAR Q34831477 QSI0O78™  OSH05877 O8BE00H Q3604895 08210843  QS056404
Q8907586 Q3358768  QSOMBB073 QSAES54 Q814X Q3WIRSB Q8A009NM Q47939995
Q806753 Q34750008 O8019388  QS5101333 Q88X(S6 036895841  Q8ANVO738 Q50141173
Q8NIZH4  Q342WE8S Q8NM56M  QSOIIGI3 Q87882675  Q3808K2 Q843233 Q47761887
Q8DAR] Q34162 Q8100073 QSIS 08R3SH3I  Q3B717I2 08244 QSO37EST
QBYIBASY Q34355768 QBOMR4723  QSE634A3  QEMII0e Q3702041 084017283 Q402217
Q8GR Q34757348 Q8027376  QSSOB3704 08826663 Q36878327 08074346  QSO17B7A
Q827 Q3B O8MSES7T  QS6116164 Q87883993 Q38000257 Q84080182 Q4776931
Q83041394 Q3480863 OB0RS OS426521 Q88352816 Q36724726 Q829648  QS50719
Q8209298 Q343597 Q802724 QS6058193 Q879018 Q37932129 0841666 04M115%6
Q8aai6 Q346176 Q80932175 QSS073108 Q8R00504 Q36867828 Q8306400 QSR03097
QRI7YB Q3031014 08045761 QS611A05 Q87884935 Q37997AB

Another way to approach this problem is to consider reducing the number of
decimal places so the computer can represent exactly the values on the screen. Each of the
values iterated may be rounded to two decimal places. The resulting iterates from such a
limiting always cycled for the values tested. The iterates never produced non-cyclic
pattemns. This begs the question of whether limiting to 8 or 16 decimal places is reason
}a/h)l'f the iterates act the way they do. This is a challenge which is posed by the technology
itself.

The limitations of the computer scieen resolution and calculation completion ability
might lead one to the conclusion that explorations must occur in environments without
resolution or decimal-place limits. This implies calculations with numbers of infinite length
and infinite screen resolution which is not possible. However, calculations are possible to
a very large number of decimal places and screens with very high resolution are available
(one can also ‘zoom in' on regions to reduce the effect of limited resolution). However,
high powered computers are necessary for these investigations.

Indeed the computer used in this investigation produced diagrams with far greater
precision than possible by hand drawing thus enabling more extensive explorations than
would be possible without the technology. Despite their limitations the computer programs
offer the user an opportunity to visualize dynamic change based on simple mathematical
functions. The control of the exploration may be placed in the hands of users who can ask
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questions. generate hypotheses and seek understanding in the realm of mathematics.
Growth of understanding of mathematics is possible through explorations within a
computerized context. Questions for further study that emerge from this discussion are:
How does the computer help one generate a mathematical solution? What types of image
making are involved in using these programs? What mathematical properties may be
noticed through exploring this computer medium? Can the use of these software packages
lead to formalizing and structuring of mathematical ideas?



Commentary

Chapter 5 has discussed computer programs for use in explorations of the
mathematics of dynamic systems and chaos theory. This chapter described and discussed
an exploration environment for mathematical meaning making. Some of the meanings that
the researcher made from these materials were provided.

Chapter 6 extends the discussion of meaning making through this mathematical
exploration environment by providing these materials to high school students. A
discussion of students' explorations of this mathematical exploration environment is
provided. Insight into student mathematical findings emerges through the discussion.
Through this visual and experimental style of mathematical inquiry students engage in
mathematics through their activities with the computer. Students involved in human-
computer interaction take action in this medium through mathematics. The interplay of
mathematics and computer interaction through students activities is the focus.
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Chapter 6

Using Computers To Look At Non-Linear Dynamics:
What Do Students Do? What Do Students Think?

Goldenberg (1989) describes a view of the mathematics educational experience that
encourages knowledge generation by learners. From this view mathematics

can be the most freeing of subjects, a game in which the player is free to invent any

set of piaying pieces, rules, and constraints, and then reason out or observe the

consequences of these choices. It is a game whose players frequently use the
words elegant and beaury, and whose beauties are both visual and intellectual. Yet

we show little or none of this to our students" (p. 170-171)

How is the game of mathematics to become a part of students experiences?
Computers and calculators can be used by students to explore the visual and intellectual
beauty of mathematics. Students can use computer technology to investigate functions,
generate hypotheses and explore the usefulness of these hypotheses. One field that can be
explored by students and which represents a frontier in mathematical research is dynamic
systems and chaos theory. Using computer-based exploration tools students can explore
and generate mathematical concepts and visualize the mathematics.

Described in this chapter is a set of activities involving four mathematical
exploration environments (a calculator and three computer-assisted spaces) for students’
explorations of underlying concepts of chaos theory and non-linear dynamics. The
structure and interactivity of these mathematical environments propels students to engage in
inquiry and generate ideas and interest in mathematics. The nature of students computer
interaction within these mathematical exploration environments is addressed.

In regard to these activities it is useful to ask: what non-linear dynamics and chaos
theory mathematics concepts can students explore and generate when provided a computer
environment for exploration and activities through which to explore? What materials and
procedures can enable exploration of mathematical concepts? What is the nature of the
mathematical findings that students generate through their activities and actions? How do
students explore through these computer-based environments? What is the nature of
human-computer interaction in a mathematical exploration environment?

Students Introduction to the Study

At the first meeting a group of six high school students (aged 16 or 17 years)
assembled after school in the Macintosh computer laboratory. (At later meetings a seventh
student joined the group.) They had come on this early closure day! to be involved in an
extension activity to their regular mathematics class. They were to remain one hour on this
first day and for each of the following five weeks. A microphone sat next to each of the six
computers these students were to use for their explorations. These microphones were
attached to two audio mixers attached to two audio-tape recorders. Near the computers two
video cameras stood on tripods ready to record students activities. The mathematics teacher
asked the students to sit down in front of the designated computers and then introduced the
researcher. The researcher described the format of the _fter-school mathematics sessions.

Students, one to each Macintosh computer, were to explore individually on the
compitar or together with other students by viewing each others computer screens and
discussing the explorations. Students were to become involved in activities and record
computer entries and observations made during explorations on record keeping forms
provided by the researcher. Video and audio recordings of students activities would be

1 The school in which this study was conducted had one day per week which ended one-hour earlier thin

usual. This is referred to as the early closure day.
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made. At the end of each session students would be asked to write about what they had
explored by responding to questions and statements posed by the researcher. They were to
hand in their writings to the researcher.

Following students introduction to the study the researcher collected the consent
forms from the students (which were distributed by the teacher earlier). The researcher
asked the students to wear the microphones around their necks and turned on the audiotape
and videotape cameras. She then introduced students to the concept of iteration.

What is the Meaning of Iteration?

Exploration of the concept of iteration of a function began with an explanation of
terms: 10 jterate means (in broad terms) to repeat a process over and over agzin. In the
study of mathematical dynamic systems, the process that is iterated (repeated) is the
evaluation of a mathematical function. A function is defined as a rule that converts a set of
numbers into another set of numbers. It is an action or process that changes numbers each
time it is applied or invoked. Students participated in exploring iteration and seeing
function as action by using a calculator. Students entered 2 and then pressed the x2 key.
The result was 4. When the x2 key was pressed again, the result was 16. When the
function x2 was again invoked by the keypress, the result was 256. This example of

iteration of the x2 function used 2 as the initial or seed value. The answer or output was 4
after invoking the function. The output of the previous action (key press) was the input for
the next step in the iteration. Thus 4 became the input when x2 was again pressed and the
output was 16.

In this first medium of the calculator (a computer with a mathematical purpose)
students were introduced to iteration as an action upon a function. Students action of
pressing a key invoked action on the part of the calculator. The calculators’ numeric
calculation provided feedback to students action and occasioned students to further action.
Students continued this procedure of key press, viewing results, another key press and
further results until the calculator provided a non-numeric result; either an infinity
symbol or an error message indicating that the numeric value was beyond the capacity of
the calculators digital display. The calculator could no longer take action in response to the
student's key-press. At this point students began the process again with another input
value. As a group, students were asked what the calculator had provided as the final result.
They were asked to describe the change in value as a result of their input. Students
determined that the values "kept getting bigger" until it reached the limits of the calculators
display capacity. From this simple example students interaction with a computer
(mathematical calculator) was one of mathematical activity. The key-press in this medium
enacted a calculation. This activity was a mathematical activity to students.

To further explore the iteration of a function students were provided an Iteration
Program on the computer. This computer assisted instruction program overviewed the
square root function drawing an Iterate Graph? of each of the values generated by the
repeated calling of this function. The type of graphing plotted the value of the iterate (y-
axis) against the number of the iterate (x-axis). This graphing technique provided a plot of
the values of each iteration. Students had the opportunity to input initial values and see the
results of repeated iteration upon these values by the square root function. A summary of
the patterns which emerged from the graphs was dynamically drawn (Figure 6-1) indicating
that when the input (xg) occurs in particular ranges a pattern of results emerges [xo >1
approaches one from above, O < Xg <1 approaches 1 from below, xo = 1 remains 1].

In this computer medium the students' actions of inputing a value invoked action on
the part of the computer software which drew an Iterate Graph of each value of the
iteration. Students could view the results of iteration from both the iterate values which

2 Refer to Chapter 5 and Figure S-1 for an explanation of the process of generating an Iterate Graph.
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appears in a column of numbers and the graph of these values. The computer software
ceased to calculate and draw when it was very close to 1. Students viewed the results of
the sequence of calculations which they had initiated and then input another value. The
specific patterns of behavior of the square root function were summarized by the software
for students in Figure 6-1. In this computer medium as with the calculator example

students activity of interacting with a computer (mathematical software) was one of
mathematical activity.

The general shape of the g:aph of iterates of «/ are as follows:

1)
When xg = 1, \/X; = 1 repeatedly.
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Figure 6-1. Images of the Square Root Function Under Iteration from the Iteration
Program

At the end of class students were asked to write about iteration. They handed in
their writings to the researcher. Rather than describing a general definition of iteration,
Anne described the patterns produced when vx was iterated (as in Figure 6-1). Cindy
wrote that "Iteration is a process of repeating a function and finding the changing results."
Tony wrote: "An iteration is to repeat a function many times." Cheryl wrote: "Uses the
answer from the previous calculation as a starting point for the next calculation.” Mike
wrote that "Tteration - repeating over and over, using the result of the previous computation
as the input for the next." John wrote: "Repeating a function, using input form previous
function and using it in the following function."

Anne's ideas of iteration are specific to the function explored. The repeating of a
function as a component of iteration is evident in the responses of Cindy, Tony, Mike and
John. However, the idea that the output of one iteration is the input to the next is only
evident in written responses provided by Cheryl, Mike and John. Students writings
indicate that some features of iteration are more salient than others to them. Three levels of
noticing may be specified. 1) The concept of iteration is specific to the function. 2)
Iteration is a more general concept including the idea of repetition. 3) Iteration includes the
concept of repetition and the idea that output of one stage of iteration is the input to the next

stage. Iteration is an important concept for understanding these computer programs that
were used for explorations.
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Students' Initial Explorations Using the Cobwebber

A Cobwebber computer program was used to explore iteration of the Logistics
Equation [y = pux (1 - x), 0 < p < 4]. This program generated 'Cobwebs' of the Logistics
Equation on the left side of the computer screen simultaneously with an Iterate Graph on
the right side of the screen3. The purpose of this program was to enable the exploration of
graphical images of the Logistics Equation.

A Cobweb Graph is a series of lines the first of which is drawn vertically from the
x-axis to the function at horizontal position of the input value. The second line is a
horizontal line from the end of the first line across to the y = x line. The third line is drawn
vertically from the point on the y = x line to the function. The process from here is
repeated drawing a horizontal line to the y = x line and then a vertical line to the function.
From the Cobweb of the iteration a pattern can often be determined.

Each student entered values for p and x into the Cobwebber and watched the
iteration of the Logistics Equation unfold. Students were to record their explorations and
observations on a record keeping forms provided by the researcher. These record keeping
forms had the Logistics Equation y = pux(1 - x) at the top and five columns: 1) Value of u,
2) value of x-input, 3) total # of iterates, 4) Why choose these values?, and
5) Interesting/Important things about this function (patterns noticed, value approached,
chaotic, cyclic, ...). They were asked to notice patterns and describe them in a space on the
recording sheet.

Mike's approach was to enter whole number values for p and carefully record the
result by drawing the Cobweb portion of the graph for each x-value tried. (Software
generated Cobwebs of Mike's input values are provided in Figure 6-2). He used x-values
of .1, .5, and .9 for each of the three values of p investigated. His approach was
systematic and his focus was clearly the Cobweb portion of the graph. He stated that the
reason for choice of values was that he "want[ed the] value of x-input [to] become bigger
and bigger" thus explaining the .1, .5, .9 progression of x-values tried.

Based upon these explorations Mike stated that "u effect[s] the height of the graph
[parabola]”. Looking at Figure 6-2a, d and g notice the increasing height of the parabolic
curve associated with the increasing values of p from 1 to 3. Mike wrote that "the graph on
the left [Cobweb] shows what x-value look[s] like on the graph." To Mike it appears what
is salient from the Cobweb is the x-input. Mike may have meant that the entry of an x-
value determined the beginning point for the Cobweb. For example when x = .5 (Figure
6-2b, e and h) the Cobweb begins in the center of the screen. Another concept that Mike
may have developed looking at the graphs systematically was that given the same p-value
the Cobweb (and Iterate Graphs) approached the same value despite differing x-values.
For example when p = 1 (Figure 6-2a, b, c) the Cobweb approached 0, when p = 2
(Figure 6-2d, e, f) the Cobweb approached .5 and when p = 3 (Figure 6-2g, h, i) the
Cobweb circled around getting ever closer to the intersection of the parabola and the y = x
line (diagonal). Mike may have developed this understanding more through the Iterate
Graph since he stated that "the graph on the right [Iterate Graph] show([s] how iteration
goles]" which may indicate that what was salient from the Iterate Graph was the pattern of
iteration. Perhaps the two graphs are seen to have different salient features and are not
associated with each other. To associate the Cobweb and Iterate Graphs compare Figures
6-2d and 6-3a and Figures 6-2g and 6-3b. In particular notice the height of the points in
the Iterate Graph compared to the height of the horizontal lines of the Cobweb Graph.

3 Refer 1o Chapter 5 and Figure 5-5 for an explanation of the Cobwebber and the graphs it produced.

See Chapter 5 Figure 5-2 for an image of cobwebbing and further explanation of the process involved
in creating a cobweb.
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Figure 6-2.
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Cobweb Graphs of the Logistics Equation y = px (1 - x) with p and x-input
values indicated.

' ()

Iterate Graphs of the Logistics Equation with p and x-input values defined

as follows: a) p = 2, x = .1, approaches a fixed point, b) p = 3, x = .1,
also approaches a fixed point, and c) p = 4, x = .1 which is chaotic.

Anne, like Mike, chose to use whole number values for p beginning with 2.

However Anne chose to use the Iterate Graph as her focus. Images of what Anne would
have seen on the computer screen are provided in Figure 6-3. For p = 2 she described a
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"straight line" (Figure 6-3a). For p = 3 (Figure 6-3b) she stated "on the right —é— of the

screen {the Iterate Graph] a funnecl pattern appears" for which she drew a graph (Figure 6-
4). But for the chaotic p = 4 she stated its "an unknown pattern” (Figure 6-3c). Anne has
noted some particular behaviors of the iterates of the Logistics Equation. She has
discovered that iterates approach a particular value (fixed point) either from below (Figure
6-3a) or from two sides (Figures 6-3b and 6-4). She has also noted chaos (Figure 6-3c)
although not by that name.

.

—— >
/—"'" ;a_>

’
Figure 6-4.  Anne's "funnel pattern' drawn to represent the Iterate Graph which appears
when p = 3 and x = .98 and the gradual approach of a fixed point.

Cindy , like Anne, seemed to be primarily viewing the Iterate Graph in her
explorations. For p = 2 she states "the pattern went up and then stayed constant” but for
p = 4 she stated "a chaotic pattern, dots appeared all over but in a definite unexplainable
pattern”. For p = 2.5 and 1.6 she described "straight line" patterns noting that for these
values of u a fixed point was approached by the graph.

Anne wrote that "when p value is increased the graph (parabola) narrows'' but the
graphics she had seen on the computer screen actually did not change in width but were all
constantly portrayed in a box of width one unit. Her statements do not seem related to her
explorations of the Logistics Equation through the graphics provided by the computer.
Perhaps this statement was related to the content of the mathematics course in which she
was enrolled where she learned that the width of a parabola changes when the coefficient of
the x2 term was varied. She also stated that 'x determines the pattern."

Cindy stated succinctly that the "logistic equations produces a downwards parabola
{opening downward] with a linear pattern evolving from different values of x". She added
that the "p function effects the length or width of the parabola". Inregard to the effect of X
she stated "'x contrasts the shapes or forms of the linear pattern." Cindy wrote "the graph
on the right [Iterate Graph] and left [Cobweb] both show the pattern if it repeats or
contrasts itself”' which indicates that for Cindy the two graphs are related to each other. It
is possible she noted that the height of lines in the Cobweb are at the same height as points
in the Iterate Graph.

Cheryl began her explorations with p = 3.9 which she explained by the statement
39 is my favorite number so I used the decimal". Her later choices of u values were 2.3,
1.1, and 0.1 chosen for "no reason. Just picked 2 numbers''. She later tried p -~ 3.9 again
with x = .99 which she chose because she wanted to "try to use the 2 highest numbers to
see what would happen". She followed this with p = 2, X = .5 the "middie of each" range.
In all of her observations she described the "dots" of the Iterate Graph. For p= 3.9,
x = .99 she described "dots scattered across the screen. Bunches of dots and then blank
spaces. Whenever there seems to be a pattern, something screws up". Cheryl has noticed
that true repetitive patterns do not occur here. She has noticed chaos.

What does the Logistics Equation produce? Cheryl wrote "the graph on the right
side of the screen with many different patterns." What is the effect of p on the Logistics
Equation? "The larger you make this value, the larger the graph's parabola will be. If you
make it small, the graph will be very small and wide. The bigger the # [for p], the thinner
the graph." Cheryl seems also to have associated the changing value of p with the width of
the parabola although she also has associated it with the parabola's height. When asked to
describe the relationship between the two graphs on the screen Cheryl stated that she had
"absolutely no idea". Perhaps an understanding of the Iterate Graph is emerging but as yet
is unassociated with the Cobweb.
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Tony appeared to use both the Cobweb and Iterate Graphs. For p = 3.3, x = .55
he stated ''there were two straight lines at .82 and .48'" (Figure 6-5). He appears to have
noted the 2-cycle in this range from the Iterate Graph. Tony then entered p = 3.3 again but
with x = 9. This time he noted "It made a line of boxes gradually enlarging and moving
down and to the left". This observation is of a Cobweb. For pu = 2.54 Tony noted "it
formed a stair-like patten'" and he drew a Cobweb approaching a fixed point (Figure 6-6).

1 1

...................

1
Figure 6-5. Cobweb and Iterate Graphs of the Logistics Equation with p = 3.3 and x =
.55 which demonstrates a 2-cycle or a pattern in which two values are
simultaneously approached by the graph.

Figure 6-6. Tony's Cobweb Graph for p = 2.54, x = .12 which approaches a fixed
point in a "'stair-like pattern".

For Tony the Logistics Equation "produces a parabola with it's size depending on
the amount you put in for p' and added that p "determines the size of the parabola'. Tony
stated "the left graph [Cobweb] shows the parabola and the effect x has and the right graph
[Iterate Graph] shows the product of y."" Again the two graphs are seen to make different
features of the iteration salient.

John began his explorations with u = 3.9, a chaotic function (Figure 6-7a). He
noted from the Iterate Graph that there was "a high concentration|[of points}] in 2 wide
bands [on] top and bottom [of range]." He proceeded to explore pu = 3.5 from which he
noted "two horizontal narrow V's' (Figure 6-7b) for which he described the lower band as
"wide' and the upper band as "narrow".

John stated that the Logistics Equation "Produces a graph between O & 1. ...
Produces series of lines on original parabola graph forming squares'. The first statements
indicates that all values of the iteration are contained in the range of 0 to 1. John's second
statement emphasizes the feature of the Cobweb with it's vertical and horizontal lines. In
regard to the "'effect of p - I think it affects location of dot clumping" making clear reference
to the Iterate Graph and the fact that changing the p value effects the value approached or
the region of the range which is utilized by the iterates. He stated that the "effect of x [is to]
waver size at beginning." Perhaps this indicates that the x-input determines the height of
the initial point on the Iterate Graph or the position of the first line drawn on the Cobweb.
John also stated that the "location of squares [Cobweb] on first graph direct relation to
location of points on second [Iterate Graph]." From this statement it is clear that the graphs
represent the same patterns but perhaps in different ways. For John the two graphs are
related.
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Figure 6-7.  lterate Graphs for a) p = 3.9, x = .46 which generates a chaotic pattern, and
b) u = 3.5, x = .35 which approaches four values simultaneously so is a 4-
cycle.

Students were asked to describe questions they could now answer based upon the
days activities. Cheryl wrote ""What happens after continuous pressing of the v or x2
key/button on your computer/calculator?”" She appears to have confidence in her
knowledge of the patterns produced by these functions. Anne suggested she could answer
"What are iterations?" Mike described "how p and x change the graph" despite the fact he
left the question about the effect of x unanswered when asked. Tony did not provide any
questions he felt he could now answer. Cindy, like Anne, suggested "what is iteration?"
and also suggested "what's a Logistics Equation?" John stated he could answer 'very
basic definition type question" but did not specify terms he could now define.

From the experiences of the first meeting it was clear that students understood that
the Logistics Equation produced a parabola. The effect of p which increased the height of
the parabola was not yet clear to students but the x input was understood to establish the
starting position of the graph. Only John saw the relationship between the two types of
graphs while the other students were as yet unclear. Students had begun to notice patterns
produced by the iteration of the Logistics Equation including approaching a fixed point, a
two-cycle and chaos. What other patterns could students consider and explore? What
perceptions of the Cobwebber would students develop?

Students had interacted within these computerized environments; their actions were
mathematical in nature. The patterns they noticed, the questions they asked, and the
general statements they made were about the mathematical content of this setting. The
context had occasioned their actions to be mathematical ones despite the fact that they were
immersed within a computer environment. One might have expected students activities to
be computer focused because they were in a computer laboratory, using computer software
and hardware for their investigations. However the actions taken by students were
mathematical ones.

What is a Cobweb?

During the second meeting students discussed what they had learned the previous
day and were encouraged to execute the Iteration Program (Figure 6-1) if they wished to
review. They then were reintroduced to the Logistics Equation and were invited to explore
the Cobwebber. Students were provided record keeping forms as during the {irst meeting
and were again asked to make records of their explorations. Ani.e and Cheryl were absent
but Joy, a student who had been absent for the first meeting, arrived to participate. Tony
was asked to describe to Joy what had been done last day. However, he was unable to tell
her any more than what values were acceptable when p and x were to be entered when
using the Cobwebber. Joy was directed to use the Iteration Program to learn about
iteration. The other students explored values of u and x. Students were asked to record

108



the values they entered, observations and patterns they noticed and to provide a list of
examples or questions as they proceeded.

After viewing and exploring with the Iteration Program Joy used the Cobwebber.
Joy explored pu = 2, x = .3 for which she drew a partial Cobweb looking like an ascending
set of stairs with three steps and wrote "'curve was tall' making reference to the parabola.
She continued to explore values of p = .2, .7 and .4. For u = 0.1 she wrote "practically
straight line, curve was flat" and she observed the effect of her inputs "u changes height
and width of curve [parabolal], curve opens downward". She explored p = .2 and .4
noting the Cobweb "rectangle' shapes. For p = .1, x = .1 she noted "'nothing happened".
The flat curve for p = .1 was displayed but no Cobweb was drawn as the x-value was too
close to zero to appear.
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Figure 6-8.  Joy's notes about the Cobweb and Iterate Graphs of the Logistics Equation
for the Function y = 3x(1 - x), Xg = .1

During a class discussion of Cobwebbing Joy made notes and recorded information
about how the Cobweb was drawn (Figure 6-8). Joy noted p = 3, x = .1 and wrote "all
points on Cobweb form a 90° angle either touch the parabola or the y = x line". From her
notes notice that she first created the function y = 3x(1 - x) and then substituted x = .1 into
it. The result is .27. She noted below her drawing of the Cobweb that the point (x;, y)
was (0.1, 0.27). Notice on her drawing of the Cobweb that the point (x;, y) is indicated as
the leftmost darkened point on the parabola. She also displayed three other darkened points
on the parabola that the Cobweb 'touched'. To the right of the parabola these four points
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are repeated in an Iterate Graph which Joy indicated "shows where points touch parabola."
This is an explanation of the Iterate Graph as it relates to the Cobweb. Notice also from the
Cobweb drawing that two values of y are labeled and indicated by parentheses, one
vertically along the y-axis and the other horizontally. This indicates that the value of x, is
converted into a y-value by drawing a horizontal line from the point (x;,y) to the y = X line.
This action results in the iteration by which the result of the first iterate of x; = 0.1 is
y = .27. This y-value of .27 becomes the next x-value or x, which is then entered into the
function. This process of iteration can be done algebraically (using substitution) as Joy has
begun to do above the Cobweb drawing or it can be done graphically using the Cobweb
method.

Below the drawing of the Cobweb Joy wrote "Cobwebber pattern - when p was
between O and 1, the web started at the x-axis coordinate and hit a point in the parabola,
went down like a staircase to (0,0)." She has made a generalized statement of the results of
iteration when O < u < 1. The graph approaches a fixed point of (0,0) and does so in a
"Cobweb drawn from right to left like a descending stair case'. Later she noted that for
i = .5, x = .5 that the "first point crosses midpoint of parabola". By this she indicates that
the input of x = .5 creates a line on the Cobweb drawn vertically half-way across the width
of the parabola. She indicates her knowledge of how the x-input affects the drawing of the
Cobweb in this instance. On her record sheet she noted her favorite Cobweb: "when the p
value was 0.1 and the x-value was 0.1, the web seemed to be in a straight line with a very
flat parabola." Since the parabola is so flat with a p-value of .1 a web cannot be drawn as
the screen-resolution cannot demonstrate this detail. Joy has noticed a number of important
patterns through her activities. These include 1) a pattern of behavior for the range
O0<p<1, 2) the effect of the x-input on the behavior of the Cobweb, and 3) the
limitation of the capacity of this exploration tool to draw when values are small. She is
learning both about the Logistics Equation (the subject of study) and the Cobwebber (the
medium through which she studies). Limitations of the medium must limit and shape her
leaming. However her leaming and understanding may also shape her exploration of the
medium. Joy demonstrates an interplay between learner and medium.

Mike began by exploring p = 4 with x =.5,.9, .2, and .1 and drew carefully the
Cobweb for each (Figure 6-9). Notice for each that the initial value of x is noted below the
initial vertical line of the Cobweb for Figures 6-9a, ¢, and d. Notice also that the Cobwebs
seem to proceed from these initial lines. Through these drawings Mike is attempting to
trace the pattern of events of the Cobwebs drawing. Also notice that each of these
drawings proceeds for only 4 iterations.

For u = 1, x = .3 and .5 Mike drew the Cobwebs and noted that "when p = 1 the
line [Cobweb] is going down [and approaching the fixed point] to (0,0)." Mike explored
Cobwebs in the region of chaos and stated that his favorite iterate was "'when the y = 4 the
line just reflectied] by the y = x, then reflect by the curve. 1 wonder ... why the line [is]
reflect{ed] on the y = x and the curve." Mike has noted a pattern of behavior of the
drawing of the Cobweb by viewing a chaotic Cobweb. From this he gquestions why the
Cobweb is drawn as it is. Perhaps Mike's choice of a chaotic Cobweb meant that he did
not see a particular finite pattern to watch. Thus he found himself noticing the drawing of
the Cobweb rather than the behavior of the function.

Tony explored p = 2.8, x = .34 and .5 but made no record of results. It seems this
exploration was important enough to note but not important enough to record findings. He
then explored pu = .5 and .3 with x = .5 for which he wrote "the web has one line that
continuously approaches 0" and "the web constantly approaches zero". The approach of
the fixed point is evident. Tony then systematically explored p = 3.5, 3.0, 2.5, 2.0 and
1.5 all with x = 0.05. He stated for p = 3 (Figure 6-2h) "the curve [parabola] is tall and the
web [Cobweb] doesn't exit the curve until the curve goes down." From his comment Tony
may have meant that the lines of the Cobweb stayed close to the parabola until the slope
became negative at which point it changed and approached a fixed point. Tony's
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systematic approach may have lead him to these conclusions abcut the behavior of the
function and u}e drawing of the Cobweb.

Y=, : “]-"
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Figure 6-9. Mike's drawings of Cobweb Graphs of the Logistics Equation for the
Function y = 4x(1 - x) and xo values of a) 0.5, b) 0.9, ¢) 0.2, and d) O.1.

Tony observed for p = 2.5 that 'the curve |parabola] is smaller than before [ = 3]
and the web looks almost the same". For p = 1.5 Tony wrote "the curve gets smaller and it
[the Cobweb] has the same reaction". It appears that for each value of u = 3, 2.5, 2, and
1.5 that the pattern he noticed was the same but the nature of the pattern was unclear from
his description. Perhaps what he meant by "has the same reaction"” was that each
approached a fixed point. Tony expressed some frustration during the session because he
did not seem to feel focused nor understand what was "going on". As a result the
researcher explained Cobwebbing to the students as demonstrated by Joy's notes
(Figure 6-8).

When Tony explored u = .9, x = .5 he described "'the web goes from the top of the
curve [parabola] to the x = y line and down to the curve again. The web eventually stops at
(0,0)." Tony noted the action of the Cobweb and the pattern it demonstrated. Tony stated
when prompted that "the iterate of my choice is 3.9 and 0.99 because it never seems to fall
into a pattern that is indistinguishable between the lines of the web."

Cindy explored on this second day primarily focusing on the Iterate Graph. She
noted for p = 3.2 "the dots went up then continued to make a pattern going down then up"
which seemed to be a description of a 2-cycle. For p = 3.9 she stated "a chaotic pattern ->
undefined pattern.”" For p = 2.1, x = .77 she stated "two dots went up then it stayed at a
constant line." In her first 3 observations she noted a 2-cycle, chaos, and approaching a
fixed point (attractor). Cindy then explored pt = .3, .7, 1.3, 1.9, and 1.65 with x = .5, .9
and .1 for each. For p = .3 and .7 she noted that the Iterate Graph "sloped down and
stayed constant" but the constant was not described (although it was 0). For pu = 1.3 she
noted that it "sloped upwards and over" to the right. For p = 1.9 the approaching of fixed
point was more clear in her statement "sloped up and stayed constant across." Cindy noted
for p = 1.65, x = .5 "slightly sloped down and stayed constant" but for x = .1 and 9
"sloped up and remained constant." She seemed interested here in how the constant was
approached rather than the value of the constant. However, the value of the constant was
implied in her note that "between [u =] 1 + [and] 2 the value of x when equal to 0.5 makes
the graph slope downwards otherwise the graph slopes upwards." She also noted that "at
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i = 1.9 and x = 0.5 the graph just goes straight across.” From this statement it appeared
that p = 1.9 approached the constant 0.5. Actually it was slightly less than this but the
screen resolution could not demonstrate the difference.

Cindy made notes about Cobwebbing based on class discussion. She stated that
"Cobwebbing is the idea of drawing out the logistic equation. Instead of calculating you
can follow the pattern. It maps out the value of 'y'. The y = x line is a guide along with
the parabola. You start at the initial value until you hit the parabola then over until you hit
'y = x'. This allows you to read off the values of 'y'."

John explored values of p = 1.5, 0.5, .75, 2.0 and 2.3 noting the length of the
"ail" (list of points on the Iterate Graph) and the observation that it “levels at" or "descends
10" .33, 0, 0, .5 and .57 for the respective p values. From this point on John simply wrote
a number (the value of the fixed point) in the observations column. He noted for p = 1.6,
1.7. 1.8, 1.9, 1.1, 1.2, 1.3, 1.4 the respective fixed points 0.38, 0.41, 0.49, 0.57, 0.1,
0.17, 0.23, and 0.29. John had a clear image of the behavior of the Logistics Equation
which approach a fixed point. When asked about his favorite iterate he noted "between
[ =] 1 & 2 are interesting. Final # between 1.5 & 1.9". Not only has John noted the
approach of a fixed point but he stated the range in which the fixed point fell. John had not
been encouraged to explore this way but from his own activities these generalizations
emerged.

Students at this point had begun to discover patterns of events within individual
Cobwebs or Iterate Graphs. All students had begun to explore and discover mathematical
pattemns, in particular those of fixed point, 2-cycle and chaos. From the class discussion of
Cobwebbing it seemed that the functioning of the Cobwebber was becoming clear. These
findings then were twofold. Students were increasing their understanding of the
mathematics through the context. And they were beginning to make sense of the medium
through which these explorations were taking place. In essence students were bringing
forth a world of mathematics through the computer medium. Students' actions in this
computerized medium were mainly mathematical.

Continued explorations with the Cobwebber might facilitate further noticing of
pattemns evident from specific functions and further noticing of patterns generalized across a
number of Cobwebs. To facilitate such noticing, explorations by systematically viewing
the results of rarying values of p (like those undertaken by John) were planned for group
participation at the next meeting. This systematic exploration could be directed to maximize
the lika?lihood that students would make comparisons between values of p and the effect of
this value.

What is the effect of pu?

At the third meeting each student was assigned a value of u to explore beginning
with Mike with g = .1, John p = .2, Cheryl p = .3, Joy p = .4, Cindy p = .5 and Anne
p = .6. Students were asked to try different x-values to determine their effects. Students
were also asked to look at each others computer screens and compare the effects of
changing the p-value. What was noted from these explorations was that all values of p
thus far led to iterates which approached O despite the value of x. Students continued to
explore increasing values of p by .1 until p = 1. Cheryl wrote the observation "Everything
to the p value of 1 ... approaches zero.”" Cindy noted for u = 1.1, x = 0.5 that the Iterate
Graph "sloped down slowly = O, [but] .09." She then tried p = 1.1, x = 0.1 and noted
“straight across then down one point [pixel on the screen] to .09." She then tried p = 1.1,
x = 0.09 and noted "straighter across at .09"'. The value approached was not O but .09
which Cindy confirmed for herself by her systematic explorations. Cheryl noted that "‘after
1.2 it [fixed point] starts to climb.”" John noted for p = 1.4, x = .2 that the Iterate Graph
forms an "ascending tail {which] levels at point at (x = y) & parabola" or the intersection
point of the line y = x and the parabolic curve. Joy noted for p = 1.6, x = 0.1 "staircase is
climbing and contained in area between y = x line and parabola last meet. Stops are .37".
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The resea:cher recorded values students reported on the white board at the front of the
room. A chart of values listing the value of p and the x-value approached was created

(Fige 6-10).

| S § u____x u___x I | — 4
.1 0 .6 0 1.1 .09 1.6 .37

} .06 } .04
.2 0 g o 1.2 17 1.7 .41

} .06 } .03
3 0 .8 0 1.3 .23 1.8 44

} .06
4 0 .9 0 1.4 .29 1.9

} .06
.S 0 1 0 1.5 .33 2

Figure 6-10. Chart of Values for p with the value approached for each and the difference
between subsequent values approached.

After completing the chart with values of the fixed point in the range .1 <p < 1.8
the researcher asked students to predict the value for p = 1.9. Cindy noted that for the
fixed point x there was a change of .06 for 3 values of p, then a change of .04 for 4 values
of p and then a change of .03 for the next values of u. From this pattern she predicted a
fixed point of .47 which was a change of .03. Most students saw the pattern and predicted
.47 for p = 1.9. The last 2 values in the chart p = 1.9 and 2 were completed with .47 and
.5 respectively.

Students noted that these values approached the point of intersection of the y = x
line and the parabola. Since the equation for the parabola being discussed was y = 2x(1 -

x) the researcher suggested that students could solve the system of equations y = x and
y = 2x(1 - x). Students had solved systems of linear equations in their Mathematics
classes. Joy's solution to the system proceeds in Figure 6-11.

Students solved the system of equations to the step where 0 = x(-2x + 1) but were
unsure as to how to continue. They had previously only solved systems of equations using
two linear equations. To solve a system with a linear and quadratic equation was new to
them. The researcher suggested that they set each factor equal to zero and solve. Students
solved the system finding two solutions. The zero solution had to be explained as one of

the points where the two graphs intersected. The second solution was x = % which

students had previously realized was the fixed point when y = 2x(1-x) was explored.

Now it was suggested that students solve the system of equations in the same way
using y = x and y = pux(1 - x) to gain a general solution. Joy's solution to this system is
provided in Figure 6-11b. Students were encouraged to test these general statements to see
if it produced appropriate results for some p values already established. It was also
suggested that students try this general solution to predict the outcome of an unknown p
value and to then verify the result using the Cobwebber. At the bottom of Figure 6-11b
you can si - Joy's solutions and her explorations for u = 1.1, 1.12, and 2.1.

At the end of this third meeting very little time remained for students to respond to
researcher questions so students were asked to simply record what they had leamed during
this day.

John began with the title ""Stuff learned" and listed the following 4 points:
1) x-value causes tail [list of points in Iterate Graph] to ascend from O - 0.5
[drew a curve rising and leveling off as it moves to the right]
causes tail to descend from 0.5 - 0.99
[drew a curve falling and leveling off as it moves to the right}
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2) general statement for prediction—u—_—l- =X

3) 0- 0.4 u value takes longer to approach zero

4) leveling (approach) takes place at point of intersection of x =y line & parabola

Statements two and four are direct generalizations from the days class discussions.
The fixed point that is approached by the Logistics Equation with a given value can be
predicted by using the value in the prediction formula. Statement four indicates that this
value that is approached (the fixed point) is determined by the intersection of the x = y line
and the parabola.

Statements one and three were not part of class discussion but are statements made
solely on John's explorations. Statement one indicates that when the x-input is below the
midpoint of the parabola it causes the values of the iterates in the Iterate Graph to ascend
toward the resulting value. But when the x-value is above the midpoint of the parabola it
causes the iterates to descend toward the fixed point.
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Eigure 6-11. Joy's solutions to the systems of equations a) y = x and y = 2x(1 - x) and
b)y=x and y = ux(1 - x).

Statement three seems to indicate that very small values of p approach the fixed
point of zero in a large number of iterates thus taking a long time. This statement is
perhaps contrary to expectations because the larger the p value the more points it will take
to reach the fixed point of zero if given an x-value near the maximum point of the parabola.
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However if the parabolic curve is very flat the initial point will be very near zero so one
might expect it to approach very quickly. However since the points begin very close 10
zero they approach it in very small increments. It may take many iterates to notice that an
approach of the fixed point O is actually occurring. If however the p value is larger the

fixed point is approached in larger 'steps’ making the pattern of the approach obvious in a
relatively small number of iterates.

Cheryl wrote statements perhaps derived or generalized from the class discussion.
"We discovered the p formula or the formula where you can figure x out by simply

. 1
1-="
doing m

"Every u value up to 1 approaches zero on the graph. At line, it bordered on 0.9.
After 1.2, the graph starts t £1imb."

"You were sort of able to pr:dict the next x-value for p form the other ones already
done. There was a pattern.”

*The 2nd graph [Iterate Graph] always ends [approaches] where [at the height] the
y = x line crosses on the parabola." For this one she drew a parabola and y = x line

intersecting and then drew an Iterate Graph next to it leveling off at the same height
as the intersection.

Joy wrote

"Parterns discovered - if pt is 1 or less the Cobweb pattern is a descending staircase.

If u is larger than 1, the staircase starts to climb and is contained in the area between

y = x and the parabola. The pattern ends at the point where y = x and the parabola

meet. As p is increased, the parabola becomes taller. The beginning of the pattern

starts to shift to the right as p is increased. At 1.2, the pattern staris before the
middie of the x-axis. At 1.6 the pattern starts at the middle of the x-axis."

She drew two graphs explaining this point. The first graph showed a parabola
through which the y = x line was below the maximum of the graph. The Cobweb looked
like a staircase ascending to the intersection of the y = x line and the parabola. The second
graph showed a parabola and y = x line which intersected to the right of the maximum of
the parabola. The Cobweb approached this intersection by circling around it.

Joy finally wrote
"X =1 - i this is the final value that the pattern approaches.”

Anne wrote
“When the value of p is below 1.2 the graph slopes down toward 0."
'"When the value of u is greater or equal to 1.2, the graph slopes upward towards a

given number which can be determined through the formula 1 - e x"
Cindy wrote:
-"for 1 value of p the graph always slopes gither up or down to certain value. This
is consistent."
-“this value can be calculated through the formula x -—!‘F——l "

-"while testing it appears that a p value between 1 - 2 the graph slopes up (unless its
near the calculated x value). A p value between O - 1 shows the graph slopes down
and always to zero."

—"now we can calculate the value the graph reaches and remains constant at by using

the formula x __11_5__1 A
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Mike wrote
"When p value is between 0 - 1 then .7 approach O and is going down." He added
as an aside "0 means the numbers are rounded off to 0."
*When p value is > 1 then the no. [number] that approach is higher. That means it
approach 1. The equation y = ux(1 - x) when let p = a number then we can know
where y = x touch parabola."

"The equation y = px(1 - x) after solve ittox =1 — 1 , then we can predict the x

value." Mike also drew a parabola intersected by the y = x line and darkened the

intersection points at O and 1 — 1 .

A few general statements seem clear through students statements. It seems clear to
these students that functions with p values less than one approach zero when repeatedly

iterated. Functions with j¢ values greater than one approach a value predicted by 1 — —lﬁ or

E—i—l and this value is the intersection of the parabola with the y = x line. However in

some cases there seemed to be some confusion. Mike for example suggested that values of
jp greater than 1 all approach 1 but then stated the fixed point is where the two "touch"
which variable based upon p.

Each student also added their own personal meanings to this list. Cheryl noted that
prediction of the x-value approached for particular p values was possible because there
“was a patten". Mike emphasized that when a statement was made that a function went to
zero it actually was "rounded off™ to this value seeming to emphasize the fact that this was
an approach not a reaching of this value. John noted that some values of p ascended to
reach the fixed point while others descended. It seems there was concern with not only the
final value approached but also how this value was approached. Joy, as did John, noted
how the approach of a fixed point occurred. She noted the change in approach due to
increased p values. Anne and Cindy both used the terms "'sloped down" and "sloped up"
in describing the approach of a fixed point. They also seemed to be concerned with the
process of approach rather than only the product.

What is the effect of p as it increases from 2?

The fourth gathering of students to explore mathematics began with a review of the
previous day and the regeneration of the p and fixed-point chart for u = 0.1 to 2 (Figure 6-

11). The equation for prediction of x-values approached based upon . ,orx =1 — % was

stated by students when it was asked of them. It was suggested by the researcher that
students continue exploring values and complete the chart for p > 2. As on the third
meeting the group worked together, each student explored a p value increased by .1 from
the last. Students suggested the x-value approached and the researcher recorded their
responses in the chart which quickly included values for 2.1 < p < 3.

Tony simply listed on his record sheet for p = 2.2 and 2.8 that "it ends on 0.54"
and "it approaches 0.64". John explored p = 2.3 forx = .1, .2, .4, .6, .5, .8, .95 and .55
and found that it approached 0.57 for each but he noted that the type of approach was
different depending on the x-value. He described a "tall 4-point tail" for x = .1 and "no
perceptible tail" for x = .4. For x = .95 there was a "really tall 4 point tail" and for x = .55
no tail at all". The term tail appeared to refer to the Iterate Graph and the number of
iterates required to approach the fixed point. No tail seemed to imply that the fixed point
was reached immediately while a 4 point tail seemed to imply 4-iterates before the fixed
point appeared to be reached.
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Cheryl drew Iterate Graphs for pu = 2.4 showing patterns of points produced by the
iteration of various x-values . She then summarized her findings of the Cobweb graphs by
drawing two Cobweb graphs which typified the types of Cobwebs she had seen below a u-
value of 2 (Figure 6-12a) and above 2 (Figure 6-12b). Note in these that below 2 the fixed
point was approached directly in her diagram but above p = 2 the approach was to circle
around the fixed point ever approaching it. It appears that below p = 2 the Cobweb was
caught in the region between the y = x line and the parabola while above p = 2 the Cobweb
approached the fixed point first from above and then below circling around it as it slowly

approached.
&
pefere ofr & '7

\

-\
(a) (b)
Figure 6-12. Cheryl's Summary Cobwebs of the Process of Approaching a Fixed Point
whena) 1<pu<2andb) 2<p<3.

Joy explored p = 2.5 with x = .1, .4, .7, .9 .3, and .6. She described the
appearance of these Cobwebs as a “staircase going up, approached 0.6". She drew some
of the Cobwebs to exemplify the process of approaching the fixed point. She used the term
"spirals" when describing the appearance of these Cobwebs as they approached the fixed
point. Cindy explored p = 2.6 with x = .5, .2, .9 and .99 noting an "up and down pattern
leveling off at 0.62". Mike explored p = 2.7 with x =.1 and wrote that it approached .63.
From each of these students statements it was clear that the Logistics Equation still
approached a fixed point when 1 < p < 3.

Students began to explore u = 3 and noted a change which occurred. Cindy noted
for pu = 3 and x =.5 that the iterates seemed to "alternate up and down" at the values .65 and
.68. Joy explored p = 3.1, x =.1 and noted "'x alternates between two values .56 and .76.
Spiral ascends and forms a square spiral around y = x and parabola crossing point."” She

thenused x = 1 - lﬁ and solved for p = 3.1 for "x = 0.6774193". Joy then entered

i = 3.1, x =.66 and drew the resulting Iterate Graph, appearing like two almost horizontal
lines of points one with an increasing slope and one with a decreasing slope. She also
drew the lines of the Cobweb appearing to "spiral" around a value.

Cheryl had explored p = 3.2 and compared this to p = 3.0. She drew the Iterate
Graph and added arrows, which emphasize the convergence of p = 3 to a single value
(Figure 6-13a) and the divergence (convergence to 2 values) of p = 3.2 (Figure 6-13b).
For p = 3.0 the iterates still approached a fixed point but for p = 3.2 the iterates
approached 2-values or in mathematical terms formed a 2-cycle.

(a) (b)
Figure 6-13. Cheryl's Cobweb and Iterate Graphs of the Approach of a Fixed Point
when a) p = 3 and the Process of Approach of a 2-cycle whenb) p = 3.2.
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Tony simply noted that for p = 3.3 "it goes out and it approaches 0.48 and 0.82'".
He then explored pt = 3.0 and 3.1 drawing Iterate Graphs noting (incorrectly) that u = 3.0
"approaches 0.64 and 0.76." He needed to watch more iterations to note that this function
actually approached one value midway between these two value. His Iterate Graph showed
that for p = 3.1 the graphs approaches 2 values but for p = 3.0 his graphs looks like 2
parallel line of points, not obviously approaching 2-values. It may be that Tony was lead
to conclude that this was a 2-cycle because others around him were exploring higher values
which were indeed 2-cycies. He may have expected to see a 2-cycle so he saw one.

John did not list all of his explorations but instead drew the Iterate Graphs for
i = 3.5 and 3.4 with iteration points connected and noted "4-set values” (a 4-cycle) and
"2-set values" (a 2-cycle) respectively. He also noted that g = 3.7 produced an “erratic"
(chaotic) result.

What changes did students notice about the Cobweb wheo y = 2 ang p=2.1,
2.2, ...3 were entered? Joy noted that '"When p was above 2 but below 3 the pattemn ...
seemed ready to spiral around the intended final x value. The pattern started to move out of
the confines of [the space between] y = x and the parabola". Cheryl wrote that "In between
2 and 3 the [Cobweb] made a sort of spiral, but not quite a full one." She added incorrectly
that "3 & up it made a spiral around the approached value.” In fact above 3 it did not spiral
around a single approached value but approached more than one value. Cindy clarified in
written remark that "When entering [p =] 2 - 3 the Cobweb changed from working it[s]
way up to going up then down alternately." (Figure 6-14) In fact between 2 and 3 the
Logistics Equation continued to approach a fixed point. Initially it approached it directly
from either above or below the fixed point but later it approached from above and below at
the same time thus forming an "up then down" pattern. John generalized the pattern of
approach of the fixed point for "u = 2 - all lines in region between x = y & parabola.
Stopped at intersect point." He added that for "u = 2.1, 2.2 ... some lines got above
intersect point.” In other words spiraling or up and down patterns occurred. Mike drew
diagrams to illustrate typically what he thought was happening in each range of value.
When p = 2 the Cobweb was an ascending staircase and the Iterate Graph an ascending
curve of points. For p = 2.1 to 2.9 the lierate Graph was the same but the Cobweb
approached from both sides. For p = 3 the Cobweb spiraled around the point of
intersection of y = x and the parabola and the Iterate Graph was composed initially of two
rows of points converging to one row of points.
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Figure 6-14. Cindy's Cobweb and Iterate Graphs of the Approach of a Fixed Point when
a)l<p<2andwhenb)2 <pu<3.

Students described the dot patterns (Iterate Graphs) for p = 3, p = 3.1 ... 3.4,
p=3.5 p=357, u=358 and p = 3.6. Students written responses indicated that the
behavior of the Logistics Equation approaches one value, then two, four, eight and sixteen
values thus first approaching a fixed point and then generating 2-, 4-, 8- and 16-cycles
respectively. However each student made specific observations noting the type of
approach in generating these cycles. John noted that the "Dot pattern for p = 3 [generated]
2 lines, one ascending, one descending." He indicated that for "u = 3.1-3.4 [the pattern
generated] 2 lines separating [into] 2 values & leveling off." However he noted that for
n = 3.5 the pattern was different beginning as "2 lines zig zag instead of leveling" and then
approaching "4 fixed values." John noted that for " = 3.57 [there were] 8 values [created
by] Big zigzagging." Finally John stated that u = 3.58 marked the "beginning of chaos."

118



Mike provided images of the general patterns or behavior for p = 3,
u=3.1...34, and p =3.5 (Figure 6-15) indicating the convergence to one value at

u = 3 and the divergence to two values when 3.1 < p < 3.4, For p = 3.5 his diagram
seems to indicate more than just two values if one looks closely but 4 values is not definite

from his diagram. For p = 3.57 and p = 3.58 Mike reports 8 and 16 values respectively
noting chaos for p = 3.6.

A =R e AT 3304

@ (b)
Figure 6-15. Mike's graph of convergence to one value when p = 3 and divergence to
two values when 3.1 S p <3.4.

Cindy described the results for "u = 3 [as] the dot pattern goes up and down but
eventually levels off at .5." She noted that the approach of the 2 cycle for p = 3.1-3.4
"starts together and eventually spreads apart." She also noted that "the dots go up and
down at 4 values" for pu = 3.5. Cheryl described this same pattern as ''dots were scrambled
for 4 pts then repeated themselves." Joy reflected a similar notion in describing the
patterned approach as "the dots go up and down and approach 4 values." All students
noted that at u = 3.6 the behavior was chaotic and Cindy and Joy used the term erratic to
further describe this behavior.

A generalized pattern of behavior of the Logistics Equation has been noted by
students beginning with the approach of a fixed point when O < p < 3. The fixed point

approached was O when O < p <1 and approached the valu&p—l;—l— when 1 < p < 3.

Above this value students noted 2-, 4-, 8-, and 16-cycles as well as chaos in the range
1 > 3.6. Students were asked to provide a graph of the patterns and behavior based upon
their generalized findings possibly referring to the charts of fixed point values they had
generated. Figures 6-15 to 6-20 present these graphs.

Figure 6-16 shows Joy's graph of the patterns of behavior of the Logistics
Equation using the p values as the independent variable and the values approached as the
dependent variable. However her graph shows a 'typical' Cobweb in each range from
O<p<l, l<p<?2, 2<p<3, and 3<p <4 and actually does not indicate the
actual values approached but seems rather to indicate the pattern of approach. Also notice
that the height of the parabola decreases as p increases. This is actually reverse of the
events students witnessed in their use of the Cobwebber. Looking at Joy's first Cobweb
(0 <p < 1) it is unclear where this Cobweb begins. If it begins near the maximum
height of the parabola then it approaches zero in stair-like steps which is true for this range.
However it can also be read beginning at the lower left side increasing in steps which
would not be correct. It is unclear which is intended here.

Joy's second Cobweb showed a Cobweb beginning at the x-axis, climbing to the
parabola and horizontally to the y = x line. However she then continued this horizontal line
to the parabola instead of continuing with a vertical line to the parabola. However she
continued to draw step-like stairs increasing toward the intersection of the y = x line and the
parabola with the lines of the Cobweb contained between the y = x line and the parabola.
This was true for all values in this range. Joy then drew a Cobweb (2 < p < 3) which
approached the intersection point by spiraling around it. Again this was correct for this
range. Notice that the y=x line no longer appeared to be at a 45 degree angle but was at
about 30 degrees. This shift was necessary in order to accomplish an intersection point
between the parabola and the y = x line. Had she continued to draw the y = x line at 45
degrees no intersection would have occurred. This would have meant that any Cobweb
would have approached zero. This graph would have been appropriate for O<p<1.
In the range 3 < p < 4 Joy provided a Cobweb showing a stepwise increase followed by
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a spiral seeming to approach the intersection of the y = x line and thie parabola. However it
may indeed simply be showing that the values spiral and eventually approach 2 values. In
either case the drawing was appropriate for either p = 3 (approaching the intersection) or
3 < p < 3.4 (approaching two values). This Cobweb could not indicate the approach of
cycles larger than two which occurred when 3.4 < p < 3.6 or it 2 3.6 this in the chaotic
range.
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igure 6-16. Joy's graph of the values approached as p increased.

In viewing this graph the question emerges: what is Joy's general notion of
graphing because this is not a graph with the usual relationship between independent and
dependent variables. This non-standard approach managed to convey a considerable
amount of information and provided some insight into her understandings. How did the
notion occur that the parabola decreases in height as p increases? In regard to this point
notice that the tallest parabola is only about 1/3 units in height if the tick at the top of the
graph is to be assumed to be 1 unit in height . Does Joy really wish to indicate that graphs
only achieve a height of 1/3? How has Joy come to these conclusions? Perhaps Joy's
missing the first day in which students explored Iterate Graphs of the square root function
and meaning of those graphs has somehow affected her later perceptions. Perhaps she did
not make as much sense of graphs of the Logistics Equation given less early experience.
Or perhaps she simply interpreted the task of drawing a graph of the values approached as
one of drawing the typical patterns occurring in each range. Whatever the reason for Joy's
graph she has indicated that particular patterns of approach of a fixed point occur in
particular ranges. This knowledge will be useful to her further explorations.

Cindy drew the graph presented in Figure 6-17. In it she indicated that all values of
p between 0 and 1 approach a fixed point of 0. Beyond this value she indicates the specific
values approached as p increases to p = 3. However Cindy is unable to draw what occurs
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in the range 3 < u < 4 which she indicated with a question mark. The approach of a
fixed point either of zero or a value greater than zero was clear in her drawing. However
Cindy did not draw a graph of 2-, 4-, 8- and 16- cycles as well as chaos.

I
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Figure 6-17. Cindy's graph of the values approached as p increased.

Mike provided a graph (Figure 6-18) indicating specific points that would have
been displayed in an Iterate Graph. But which Iterate Graph is this? To answer this
question choose two points listed, for example .87 and .38. Substitute these into the
logistics equation so that .38 = pu(.87)(1 - .87). The result is p = 3.4. It appears that
Mike has drawn the Iterate Graph of y = 3.4x(1 - x) indicating its particular iterate values.
It appears that Mike was unable to generalize from the patterns he had seen in drawing this
graph.
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Figure 6-18. Mike's Iterate Graph of the values for y = .3.4x(1 - x).

Tony's graph of the values approached for p values (Figure 6-19) indicates discrete
points approached in the range O < u < 3.4 showing only two types of patterns: 1) the
approach of a fixed point and 2) a 2-cycle. This graph is interesting because it incorporates
discrete points rather than smooth curves. Tony does not appear to have extrapolated that
the points between those tried will also fall into the pattern. He also seems unable to draw
4, 8 and 16-cycles nor is chaos indicated. Cheryl's graph (Figure 6-20), like Tony's, uses
discrete points to indicate the patterns of approach of a fixed point and a 2-cycle. She

however also indicates a 4-cycle. Her graph does not indicate approaching a fixed point of
zeroforO<p< 1.
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P \alues

Tony's graph of the values approached as p increased.
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Cheryl's graph of the values approached as p increased.



John's graph (Figure 6-21), like Cheryl's, did not indicate approaching a fixed
point of zero for 0 < g < 1. However it indicated the approach of a fixed point for 1 S p <
3 and the approach of a two cycle up to pu = 3.5 which was a 4-cycle. Atp = 3.57 there is
an 8 cycle and then the word chaos was written to the right indicating its range. John was
observed while drawing this graph and he did not refer to his table of fixed point values but
simply drew this graph (commonly referred to as the bifurcation diagram). John's graph
was the most complete including 4- and 8- cycles and indicating the range for chaos.
Perhaps John's own discovery of cycles prior to in-session instruction facilitated
understanding which enabled his drawing a more complete graph. Generally bifurcation

diagrams also include images of the chaos range and within this range some stable cycles
that emerge.
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Figure 6-21. John's graph of the values approached as p increased.

During this meeting students systematically explored the region where
2 < u < 3.6. Students discovered that at p = 3.6 the iteration no longer formed a stable

pattern but became chaotic. The task for the next meeting became the exploration of the
region of chaos.

Exploring Chaos

Students used the Cobwebber until this fifth meeting at which time the students
were exploring the region of chaos produced by the Logistics Equation. In order to notice
pattemns in this region a larger number of iterates were required. Students grew restless
waiting for the Cobwebber to produce a sufficient number. At this point students were
introduced to a spreadsheet computer program which calculated values for the Logistics
Equation. They were shown how to 1) enter different values of p and x, 2) see all the
values that had been calculated (only 10 appeared on the screen at one time) and
3) generate graphs of the equation. In this program the Logistics Equation was entered
into each of 100 cells in a row of cells. The spreadsheet produced an Iterate Graph like that
in the Cobwebber but connected the points and provided access to the numeric calculations.
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By organizing the views of the values in the cells and the graphs produced it was possible

to simultaneously see both the graph and the values (Figure 6-22).
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Figure 6-22. Iterate Graph and Iterate Values for the Spreadsheet Logistics Equation for
y = 3x(1 - x), Xo= .5.

Students made very few records of their activities on this day. Joy did attempt to
make some records as she explored within the region of chaos. She began by exploring
i = 3.9, x = .6 for which she wrote "various x values approached, chaos". For u = 3.7,
X = .6 she drew a line graph showing the iterates and described it as 'patterns almost
similar". For p = 3.8, x = .6 she simply wrote "chaos". She then explored p = 4 with
x = .6, .3, .9, and .8 and listed the highest and lowest values visible as 1 and O
respectively. She then explored p = 3.9 with x = .8 and .1 but made no records of her
findings. Tony's only record for the days work was for p = 3.8, x = .6 for which he
simply wrote "chaos". John explored p = 3.825, 3.82 and 3.9835 for x = .5 and listed the
first pattern as "none". For the second function he wrote ''close [to a pattern] but not same"
and listed the last values he found writing "no repetitions'. Cheryl explored p = 3.4, 3.9
3.8, 3.7, 3.6, 3.5 and 4.0 for x = .6. For p = 3.4 she wrote "There are two points that the
x-values approach." For p = 3.9 she recorded that "There are too many to count". She
then made no notes on here explorations except for u = 4.0 for which she wrote "totally
chaotic". Mike, Anne, and Cindy, although present, made no records of their explorations
but answered the questions asked by the researcher.

During the meeting a book about fractal geometry was displayed and discussed.
The relationship of the beautiful colorful fractal images were described as being generated
by repeated iterations of a mathematical expression. If through repeated iteration the
resulting pattern approached a particular value it was assigned a color. If it approached
infinity at a particular rate it was assigned a color. Various approach rates were assigned
various colors. Using these methods colorful images emerge. The fractal known as the
Mandelbrot set was shown to students and described as using a function that incorporates
complex numbers (which students had been introduced to in their mathematics class).
Students looked at the fractal images and admired their colorful patterns.

Students were also shown an image of a bifurcation diagram like those they had
generated in the previous session. This image included points drawn in the chaos range
which appeared to form a 'grey area' (area of many black points on the white background)
and areas of stable patterns (a few points forming a pattern) within this range. These were
identified for students inspection. Students were surprised and pleased to find an image
like their own drawings found in such a book. The numbers on the bottom of this diagram
were different than those discovered by the group of students. It was explained that the
bifurcation diagram drawn in this book was for cosine and not the Logistics Equation. The
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patterns of the bifurcation diagram were the same for both functions although the values
were different. Students seemed interesied with the generalizability of their drawings.

John asked at.out the use of fractais and chaos. This seems to be the familiar "what
is the use of mathematics?" question but asked out of interest rather than disinterest. Chaos
theory was described as useful for as diverse a range of things as a model for
psychoanalysis in the social sciences to modeling particle movement in the sciences.

Students made reference to fractals in their discussions of interesting things about
chaos. Cindy reported that "the colored patterns [fractals] are interesting as to how the
patterns are formed." Cheryl wrote "you can make different sorts of images flowers,
pschecelic [sic] wallpaper patterns?"" Joy added that "you can draw flowers and actual
pictures that represent things in life." Is it important that three female members of this
group commented on the fractal images while the male members did not? Are these artistic
and beautiful fractal images of greater interest to these female students than to the males? 1s
the addition of mathematically represented '"things in life" of value in relating to the
mathematics? There is not enough use of fractal images in this study to answer these
questions but thcy are posed as potential research questions for future study.

What was interesting about chaos? Cindy wrote "Chaos is interesting in the way
it's not really chaotic at all. Inside chaos there are many patterns in it.'" Anne noted that
"we were able to discover patterns within patterns. It was also interesting to find out that
chaos patterns become stable and chaotic within its own pattern." Perhaps Anne is
referring to the bifurcation diagram and the area in the midst of the chaos which stabilizes
into another bifurcation sequence before becoming chaotic again. John noted that there
were "some bands of non-chaos in chaos." Tony wrote that "it was interesting to see the
graph [bifurcation diagram] with the pattern deep within it." Joy reported that "you can
make images that show a distinct pattern." Mike also discussed the making of "different
kinds of patterns." John recorded that chaos produced "some approximate pattems but
[one] never get[s] 2 identical values or the same pattern exactly." Chery! wrote "I found it
interesting that the chaos only lasts for a few decimal points" perhaps in reference to the
bifurcation diagram and its images. Anne noted that ""The use of these patterns is amazing.
... They can be used in so many different areas of study and technology."

In reviewing these student comments it seems apparent that the term pattern is used
in a number of different ways. Cindy stated that inside chaos there were many pattems.
Was she referring to the bifurcation diagram with its continual branching into 2, 4, 8, 16
forks? Or did she mean the area within the chaos range where there is an area of many
points (grey area) which then becomes stabilized again into this bifurcation branching into
2, 4, 8, 16 forks? Or perhaps she was referring to the patterns formed when she used the
Cobwebber. When using the Cobwebber the points from the Iterate Graph seem to come
together toward the intersection of the y = x line and in a 'pattern’ like those typical when
approaching a fixed point. However, in the chaos range this approach is for a short time
and then when the points get close to this intersection they are repelled by this intersection,
appearing to move away again from this intersection. This repeatedly happens in the chaos
range. At one level the term pattern is used to refer to the resulting iteration of a specific
function like y = 3.6x(1 - x). On another level pattern refers to the result of generalizing
from specific functions to the Logistics Equation y = ux(1 - x) across a range of values
0 < u < 4. Or perhaps the term pattern is used to refer to a specific subset of this range.
The bifurcation 'pattern’ is the sequence of 2, 4, 8, 16 forks (Figure 6-23). This pattern is
repeated in the stable region within the chaos range.

Students were asked for a written response to '"What exploring did you do and what
patterns did you notice?" More information about the use of the term pattern can be gleaned
here. Cindy noted that "between [p =] 3.6 and 4 the pattern is very chaotic. Couldn't find
any patterns between 3.6 and 4." The behavior of the iterates which had been formerly
called erratic are now referred to as pattern. Below this range where the bifurcation occurs
there were no 'patterns'. Anne uses pattern differently when she states that "between
roughly [ =] 3.6 and 4 the patterns seem to be chaotic while below that the patterns seem
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regular and stable." It seems that this use of pattern is merely a replacement for the term
behavior. Mike describes that "when I look at p = 4, although different points show on the
graphic seem to follow a pattern" (Figure 6-24). Pattern here refers to the behavior of a
specific function which seems to approach a fixed point and then is repelled by it. Joy
described this "I explored values for [u =] 3.7 to 4 and noticed that the patterns kept
repeating in the same general region. The patterns weren't the same but they were very
similar. I noticed that at a p value of 4, the highest x value approached was 1 and the
lowest was 0. Both the highest and lowest were repeated.” John states that he "Explored
around [p =] 3.82 and discovered some 3-cycles and 6-cycles. Never with exactly
identical values though." If they did not possess identical patterns were they cycles? Were
they patterns? Cheryl wrote that she "just tried the rest of the #'s between [u =] 3 & 4.
The patterns were the same we saw last night." To which patterns is she referring? Tony
adds another meaning to the term pattern when he notes that he 'looked at chaos and some
of the patterns that nature makes like the [fractal] flowers and the spectrum that was in one
of the books." Pattern is the fractal image produced by repeated iteration.

(~%)

Figure 6-23. Anne's Bifurcation Diagram of the illustrating the bifurcation '‘pattern"’.

W L
Figure 6-24. Mike's Iterate Graphs of the patterns of chaos when p = 4.

The simple term pattern is used in different ways. What is the source of this varied
usage? Perhaps the language is not particularly effective in describing the nature of the
images. In writing this discussion, many images in figures have had to be provided in
order to describe the results. Perhaps the understanding of this mathematics does not occur
through the language of words and text but rather it occurs through images and
visualization and thus the words get confusing because the language is insufficient to
describe the complexity of these mathematical concepts. Perhaps this is why the field of
mathematics has developed a language which may seem foreign to non-mathematicians.
The language is used to express the ideas and experiences of mathematics. It must be
developed within a mathematical context or in this case in a computer-based context which
is brought forth through mathematics. It is likely that the researcher and the students used
terms like pattern without clarifying the meaning of these terms. The term was simply used
in the context of discussions of the mathematics which were enacted through the
interactions. The term pattern was likely also enacted through the expressions and
students' actions. The result was a different and changing use of the term pattern and
possibly other terms as well. Certainly on the first day students made different statements
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about iteration. If the meaning of iteration had been further pursued in the study its
meaning would likely have changed and shifted as well. It seems that language used in this
way is context codependent and enacted through students’ actions and expressions. The
language is dependent upon the context of its use and the user in the context. It is part of
the mathematical meaning making in which students are engaged. Perhaps the
mathematical language developed in a context with students is an issue for further study.

Students were asked to describe the 'grey area’ of the bifurcation diagram and its
creation. Mike simply wrote that "The grey area is formed by chaos'. Cheryl noted that
“the grey area was when the pattern started getting chaotic.” Several methods of its
production were suggested. Cindy noted that "'it might be created by it being the various
dots of the equation plotted and presented as being chaotic.” Anne suggested its "produced
by millions of the first part of the pattern [shows bifurcation diagram here, Figure 6-23],
one joined to the other.” John described that the "results are not in a line anymore but
randomly scattered close together, producing grey color/shade." Tony noted that "it was
created by the continual separation of the lines" (the period doubling route t¢ chaos). Joy
described "The "grey area" of the bifurcation diagram is just dots, not distinctive lines. It is
chaos created by many, scattered x values that are approached. It is not part of the tree.
After approaching 16 values there are numerous values that are approached in no particular
pattern.”

Based upon their experiences with the Cobwebber students generated hypotheses of
the production of the 'grey area' of the bifurcation diagram. The experiences they had to
bring to this question were based upon interactions with Cobwebs and Iterate Graphs of
individual functions. Just as students were able to see that the iteration of individual
functions produced the ‘tree structure' of the bifurcation diagram, they also were able to
suggest methods that might account for the ‘grey area' in the bifurcation diagram.
However their interactions with the chaos range and the 'grey area' were limited. They
might have been better able to make sense of this range if they had taken the results of an
individual Iterate Graph in the spreadsheet file and compressed the 100 iterates into a
horizontal space of an inch. Through such an action individual iterates and patierns within
the iteration are obscured. However the areas in which iterates fall are visible. Ranges
without iterates are also visible from the results of such an action. This compression
method might have helped students experience the 'grey area’ as 'various dots of the
equation plotted” "producing grey color/shade.” Students might then have been able to
imagine each function, with all its x-values, compressed into a single vertical line. From
this line there would be ranges with many points and ranges without points. The individual
iterates in some cases would fall on top of each other or very close to one another so these
ranges would look grey. For each function a vertical line of points could be generated and
these vertical lines could be laid next to each other in order then the 'grey area’ could be
generated. This is one of the researcher's hypotheses of how the ‘grey area' of the
bifurcation diagram is generated. The compression approach above has been explored and
tried with other students. It seemed to validate such an hypothesis.

Students were asked to write down questions they had about iteration, chaos,
period, bifurcation, Cobwebbing, etc. Cheryl asked ""Why can you only goup to [ =] 47"
She had earlier noted that she had "tried [u =] #5 & [p =] #9 t0 see what happened but
either they're not programmed in or they're just straight lines so not done". She is correct
that they are not possible in the Cobwebber although they could have been done in the
spreadsheet. Cheryl was not able to explore these regions because they were not availabile
to her. However she was aware that they existed and that they perhaps could be explore<,
She has brought forth an understanding that this mathematics was not restricted to the set of
p-values between zero and four. These lisits were imposed upon the explorations by the
nature of the computer environments provided. However these limits are artificial in regard
to the mathematics which Cheryl envisions to move beyond these limits. Her activities
have allowed her to extrapolate beyond her explorations and to question what she might
find through such activity. Tony asked "Is there continual chaos after p is larger than 4
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Joy wrote "Is there anything or pattern beyond chaos?" Where does it go from here seems
to be the nature of these que tions.

Tony also wondered about moving beyond the limits of the Cobwebber when he
wrote, "What would happen if your x-value was a negative?" John asked, "In 3 & 6 cycles
do 2 values ever exactly repeat? At what value do cycles stop?" Several other questions
asked about why the iterates acted this way. Joy asked, "Does the one pattern [stable
region around p = 3.83] found in chaos also iead to a second chaos?" Cheryl asked, "Why
does it go chaos for only a few points?" She added, "1Is this what is going to be Math class
in the future?"

These students have enacted a view of this mathematics which expands beyond
their interactions with the computer environment. They have seen the artificial limits
imposed by the software but have realized they are not the limits of this mathematics.
These students have not yet begun to determine what the mathematics might be beyond the
confines of the software but have realized that they can think about this mathematics and
perhaps even generate it.

The computer software in this context became a background to the mathematical
activities of these students. In fact students began to invision a mathematical world beyond
the confines of the computer software. Indeed even considering the bifurcation diagram
was going beyond their direct experience in the software and beyond their direct
interactions with the computer environments. These images were not generated by the
computer but by the students generalizing from their explorations. Other generalized
findings were made using the software as a basis for exploration. The use of the computer
in this case supported the mathematics being developed.

Period Doubling and Feigenbaum's Number

Students had explored the five previous days discovering many patterns and
making generalizations. Students had seemed impressed by bifurcation diagrams in the
books that were similar to the ones they had drawn. They also seemed impressed by the
idea that the bifurcation diagram was not only for the Logistics Equation but also could be
generated by different functions. Student's exploring was specific to the Logistics
Equation but could be generalized through the bifurcation diagram. Students were asked to
explore the region of period doubling and determine the values of p at which the
bifurcations occurred. This would allow students to compare the distance between the
bifurcations and determine the approximate value of Feigenbaum's number. As a group
task students began using the Spreadsheet Logistics Equation with a p-value between 3 and
4 and determined whether this function was a fixed point, 2-cycle, 4-cycle, -cycle or 16-
cycle. Each student entered the p-value and an x-value and determined the period of the
cycle. Students aiready knew that p = 3 was a fixed point but values above 3 became a 2-
cycle. It was determined that p = 3.5 was a 4-cycle. Based upon this finding the group set
out to narrow in on the values at which the 2-cycle became a 4-cycle. Students tried p =
3.4 and determined this 1o be a 2-cycle. Students then tried values 3.4<pu< 3.5. Note
from Joy's written records (Figure 6-25) that when p > 3 it is a 2-cycle but at 3.4494 to
3.4495 there is a 4-cycle. Students then explored the change from a 4-cycle to an 8-cycle.
This was a time consuming task and involved all students working as an exploration team
vocalizing their results to assist others in exploring closer and closer to the values. One
difficulty was that the tools were rather crude for such particular exploration. The screen
resolution could not possibly make visible the explorations to 4 decimal places. Despite
g?}s restriction students explored and closely approximated the values for the first two

ifurcations. :
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Figure 6-25. Joy's records of the finding of p-values for the bifurcations.
Students were provided more precise values for the first two bifurcations and the
later bifurcations from Lauwerier (1991, p. 119) as follows: 3.0, 3.449499, 3.544090,
and 3.564407. Tony described how to calculate Feigenbaum's Number: “To get
Feigenbaum's number you take the distance where she graph splits in two and where it
splits in four and divide it by the distance between the distance the graph splits in four by
the distance that it splits in eight. Feigenbaum's number is 4.69." Joy made records of
these calculations (Figure 6-26). Using the values provided above students determined the
approximate values were 4.7520 and 4.6557. However they were told that when these

values were calculated for each bifurcation in each of the ranges they approached the value
4.69. Joy provided a summary of the calculation of Feigenbaum's number (Figure 6-27).
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iopure 6-26. Joy's records of the calculating of Feigenbaum's Number.
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igure 6-27. Joy's records summarizing the meaning of calculating Feigenbaum's
Number.

The Curriculum, It's Development and Rationale

The events through which students explored formed a curriculum in an objective
sense of the word. The selection of activities, the rational for this selection, and students'
actions and developing understanding through this curriculum provided further insight into
the study.

Iteration is an important concept for an understanding of non-tinear dynamics and
chaos theory. To facilitate its understanding an activity was designed with a calculator.
Students could enter a value and use a function key available on their calculators. What
student at some time or another had not played this game with a calculator? Now this game
had the name iteration and it was considered a mathematical activity worthy of interest and
study. From these activities we could make generalized mathematical findings: 1) all values
greater than one approached infinity, 2) all values between zero and one approached zero,
and 3) zero and one were constant.

This same game could be played with other functions. Another function with
which students were likely familiar was the square root function. Similar generalized
findings could be made for this function. It could have been done with a calculator but the
introduction of a graphing technique was desirable as it was to be used later. So a
computer program was developed which would generate Iterate Graphs of the function and
generalize the findings. Students could have control of the entry of values and were
instructed to notice patterns of behavior for the square root function as they had for the
squaring function. ,

Students could be active in thinking about the mathematics and noticing patterns
from the graphics displays as they watched what was being drawn. They were not
entangled in the process of drawing but rather were able to explore the mathematical
significance of the drawing once it was understood. Students needed to learn to interpret
from these graphics which required some time to develop. However once understood
students could explore and begin to determine patterns.

Other functions are historically important to the study of chaos theory and non-
linear dynamics. These functions are formed when a value O < p < 4 is selected for the
Logistics Equation y = pux(1 - x). This simple function exhibits complex behavior which is
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interesting to study. By what means should this function be studied? Two graphing
techniques are useful to its exploration: Cobwebs and Iterate Graphs.

What is salient from the Cobweb? The x-value which determines the beginning
point of the Cobweb. The descent of a Cobweb to the fixed point of zero or the approach
of a fixed point at the intersection of the y = x line and the parabola. What is salient from
the Iterate Graph? The pattern of iteration is visible for 2-, 4-, and 8-cycles which appear
as 2, 4, and 8 rows of points respectively on the Iterate Graph. What is the relationship
between the two graphs? The height of the points of the Iterate Graph are comparable to
the height of the horizontal lines of the Cobweb. What student explorations and actions
might have led them to develop these understandings? These are summarized in Table 6-1.
Table 6-1. Student actions and that which could be occasioned by the environment
through these actions.
Action (exploration)

What could be occasioned by the

environment?

- Iteration

- patterns emerge with all numbers greater
than 1 go to infinity, all numbers between
0 and 1 go to zero, 1 remains 1 and zero
remains zero.

- repeatedly iterate the square root function |- iteration

- patterns emerge: all numbers greater than
1 approach 1 from above, all numbers
between O and 1 approach 1 from below,
1 remains 1 and zero is undefined.

a function is chosen from the Logistics
Equation y = ux(1 - x)

a seed value for the iteration is selected

a particular parabola is drawn with height
varied by the p-value

the seed value determines the beginning
height of the Iterate Graph and the
position along the horizontal axis where
the Cobweb begins to be drawn

- repeatedly square a number using the last
square as the next to be squared

- choose a p-value for the Cobwebber -

~choose an x-value for the Cobwebber -
- input a p-value for the Cobwebber -

- input an x-value for the Cobwebber -

- watching the Cobweb or Iterate Graph|-

alone

notice the approach of a fixed point,
entering into a cycle, or chaos.

watching the Cobweb or Iterate Graph
together

notice that the height of the iterates in the
Iterate Graph are the same as the height of
the horizontal lines in the Cobwebber.

enter x-values increasing the value for
each entry but keeping p constant
O<m<3

the initial position of the Cobweb or
height of the Iterate Graph changes but
the fixed point approached is the same.

enter p-values increasing the value for
each entry 0 <m<3

height of the parabola increases
value approached remains zero for
O<m=<1l
value approached
l<m<3

increases for

solve the system of equations y = X,
y = ux(1 - x)

the fixed point approached can be
predicted by x = 1 'lﬁ

enter p-values increasing the value for
each entry 3<m< 3.6

- approaching 2 values then 4, 8, and 16
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~enter p-values increasing the value for| - a repeating pattern 1s not evident (chaos)
each entry 3.6<m <4 - the range of values touched by the chaos
increases filling the range from O to 1 by
the time it reaches p = 4 except for a band
which is not touched in the midst of the

range.
—enter values of { continually closer to the | - the value of the change points between 2-,
change from a cycle to its double 4-, 8- and 16-cycles are approximated
- fixed point to 2-cycle 3.0
- 2-cycle to 4-cycle 3.449499
- 4-cycle to 8-cycle 3.544090
- 8-cycle to 16-cycle 3.564407
T Calculate the distance between the change| - the value of the distances are .449499,
points .094591, .020313.

_ calculate the ratio of consecutive distances | - the values are 4.75 and 4.66 which
thus approximating Feigenbaum's| approximate Feigenbaum's number which
number is 4.69

Mathematical Findings

Students have explored and experienced mathematics as a dynamic and generative
entity within computerized environments. If one were to assess this study by the amount
of mathematical language students used, the number of calculations they determined, the
number of graphs they themselves drew, or the number of mathematical definitions they
uttered or wrote then it might be said that these students had not achieved very much. But
of course students explored, made mathematical statements, and had mathematical
experiences. They enacted mathematical significance from their computer experiences.
The question is what is the nature of these explorations, what is the meaning of these
statements and how can these experiences be interpreted within the computer
environments?

Students interacted with a calculator and the iterative computer program through
which they enacted varying ideas of jteration including 1) ideas specific tothe furction (x2)
studied, 2) a more generalized statement of iteration as repetition, and 3) 2 more complete
general statement including repetition and the idea that the output of on€ step in the iteration
is the input to the next. They saw the software iteration of the square root function generate
a graph called an Jterate Graph which is a graph of the numeric values produced when a
function is iterated. This graph has the number of iterations as the x-axis and the value of
the iterate as the y-axis. It involves the graphing of ordered pairs which is familiar to most
students. Following the explorations with these first two functions (x2. Vx) in these two
computer-based environments students began to explore other functions.

The Logistics Equation generates many functions based upon the p-value entered.
These functions when graphed produce a parabola which opens downward. Students
stated that the p-value determined the width or height of the graph. That the p-value
determines the width seems a misconception since the parabola drawn always had x-
intercepts of 0 and 1. If however one considers that when an object is less tall it can appear
more wide then this statement would be justified. From observations of the Cobweb the p-
value determined the maximum value of the parabola. Students referred to this as the
height of the graph. Is this problematic for students who must learn in the standard
curriculum that the width of the graph is determined by the coefficient of a squared
function? Or has this procedure provided students with experience with parabolas and the
effect of coefficients which will enable them to better understand the algebraic procedures
used to determine the value of the maximum of a parabola? The effect of this small study
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upon students performance in their mathematics class was not determined, if indeed their
was an effect. Further study into the effect of experiences with mathematical exploration
environments such as these on students ideas of mathematics may be of benefit to
mathematics education.

A Cobweb is a graphical procedure for determining iterates of a function and the
pattemn of iteration which emerges. It is directly related to the numeric calculations of
iterations possible using the equation for the Logistics Equation. the p-value and the x-
value. The Cobweb begins with the drawing of a vertical line from the x-axis at the value
of the x-input to the parabola. The Iterate Graph places a point at this same height. A
horizontal line is then drawn on the Cobweb to the y = x line. This converts the x-value to
a y-value thus the output of the first iteration becomes the input to the next iteration.
Another vertical line is then drawn to the parabola. The Iterate Graph adds another point at
this height. Another horizontal line is drawn to the y = x line converting the iterate. This
process continues 1) until a fixed point is reached, 2) until a cycle is entered, or 3)
eternally for a chaotic function.

The Cobweb is related to the Iterate Graph in that the height of the horizontal lines
of the Cobweb are the same as the height of the iterates on the Iterate Graph. Fixed points
are evident from the Cobweb when the lines of the Cobweb seem to step toward or
converge upon a particular value or seem to form boxes which continually grow smaller
encircling a value. On the Iterate Graph a fixed point is evident when points level off to a
particular value and remain constant at that value. Cycles are evident from both the
Cobweb and Iterate Graphs when no more lines appear to be drawn on the Cobweb or
when the Iterate Graph forms a number of stable rows of points. Chaos is evident when a
repeating pattern cannot be determined from either the Cobweb or the lterate Graph or a
specific point is not reached. In other words, the Cobwebbing continues to add new lines
and the Iterate Graph continues to add points which appear to be randomly placed.

Students noted the approach of a fixed point varied. In some cases it approached
slowly and in others quickly. If the steps toward the fixed point were of large size then the
approach was evident in only a few iterations. But if the steps toward the fixed point were
small in size (as is the case when beginning very close to the fixed point) then it took many
iterations to notice these small changes. Therefore when close to the fixed point it took
more iterations to notice the approach than when far from the fixed point. In addition some
fixed points were approached from above in a stair-like manner. Others were approached
from below in a similar manner. Still others were approached from both sides with the
Cobweb appearing to encircle the point approached. From the Iterate Graph the approach
of a fixed point appeared to be a set of points falling and then leveling off at one value,
rising and leveling off, or a series of high and low points continually getting closer together
until they converged upon one value midway between them.

of behavior. For O < pu < 1 all approached
a fixed point of zero. For 1 < p < 3 the fixed point was predicted by x = -Eﬁ'—l or

x=1- lﬁ For p = 3.1, 3.2, 3.3 and 3.4 a 2-cycle was evident. For p = 3.5 a 4-cycle

was evident, p = 3.57 was an 8-cycle and p = 3.58 was a 16 cycle. For 3.6 < p < 4 chaos
was evident.

ifurcation diagram generalized the results with p-values on the x-axis and
value(s) approached on the y-axis. Students made a variety of graphs with varying degrees
of generalization. 1) In one case a student drew an Iterate Graph and the values it
approached. This was not a generalization of results. 2) In another case a diagram was
drawn of a typical Cobweb in each range. This was not a bifurcation diagram. 3) Several
others plotted points (ordered pairs) of the p-value and the fixed point approached. The
points were not connected. 4) In another case the ordered pairs were connected showing
the general pattern of fixed points being zero initially, then rising, followed by the
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bifurcations into 2, 4 and 8 forks. 5) Chaos was noted on only one of the diagrams. None
of these students were able to draw the chaos range. Limited exposure to this range may
have been a limiting factor.

The chaos range was explored by students by entering various values of p and x.
Students found that in some cases there appeared to be a pattern (approach of a fixed point)
but then the iterates moved away (were repelled) by the intersection of the y = x line and the
parabola. Students noted the lack of repetition in this range as denoting chaos. However
this movement toward the intersection and then away occurred repeatedly although never
with exactly the same values. This is the notion of self-similarity. This notion also was
evident when students discussed the area of stability within the chaos range. This area was
created by another bifurcation pattern just like the first one but on a smaller scale.

i were described as "colored pattems' which were of interest because
of the patterns they formed. Those students who mentioned the fractals noted their use to
create images representing real life.

Students hypothesized about the generation of the 'grey area’ of the bifurcation
diagram. They knew it was generated by chaos. They hypothesized that it was generated
by many repeated bifurcation patterns, by points plotted from the chaotic equation, by
many "scattered x values that are approached" '

i ! is a ratio present in the period doubling of the bifurcation
diagram. The p-value at which the transition from one cycle to another occurs (from fixed
point to 2-, 4-, 8- and 16-cycles) are called bifurcation points. The transitions between the
points are called bifurcations. The increase in the p-value between each period-doubling is
in a ratio to the next increase. The ratios of consecutive increases approach a limit known
as Feigenbaum's number denoted as F = 4.6692016 (Lauwerier, 1991, p. 120)

How Did Students Explore?

At times students did not systematically explore but chose values for "'no reason.
Just picked 2 numbers." as Cheryl described. Some students explored systematically
varying one input value at a time and varying this value by ever increasing it at more or less
constant increments. Mike, for example, chose a particular p-value and then systematically
varied the x-value choosing low, medium and high values. He did this for u = 1, 2, and 3.
John explored pu = 1.5, 0.5, 0.75, 2.0, and 2.3 he noted that the iterates "levelfed] at" a
particular value. It seems that once John began to expect a pattern he then very
systematically explored p=1.6, 1.7, 1.8, 1.9, 1.1, 1.2, 1.3, and 1.4 noting the fixed
point. John was then able to make a generalized statement of his findings stating that when
the p-value was between 1 and 2 the value approached was between 1.5 and 1.9. Later the
term fixed point was used to describe these findings.

Other examples of students systematic explorations are evident. Mike explored the
constant value p = 4 varying x = .5, .9, .2 and .1 drawing each iteration. Beginning the
Cobweb at the x-input value is evident. If he had systematically tried this with a function
that cycled he may have noted that despite his input the approach was always to the same
values. What he seems to have explored was the process of Cobwebbing noting the way
each line related to ihe last. Tony also explored systematically varying p = 3.5, 3.0, 2.5,
2.0, and 1.5 with x constant at 0.05. He noted changes in the height of the parabola and
the way the Cobweb is drawn. Cindy had made the observation that O < p < 1 appreached
a fixed value of zero. She explored p = 1.1 with x = 0.5 and noted that it did not approach
0 but .09. To confirm this she tried p = 1.1 with x = 0.1 which created a level row of
iterates before stepping down one pixel to .09. She then tried p = 1.1, x = .09 which made
aolgvel row of iterates. With this approach Cindy confirmed that the fixed point was indeed

Not all explorations allowed students to make generalized statements or to see their
explorations as meaningful. The Cobwebber is complicated with two images being
simultaneously generated each making some patterns salient while a comparison of the two
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taken together producing further complexity. Tony expressed frustration with the
Cobwebber and requested an explanation of the Cobwebber's functioning. A discussion
with all students of the Cobweb method seemed to alleviate Tony's frustration.

The introduction of a systematic exploration of the 0 < p < 3 range where fixed
points were evident was in response to John's generalized findings. He had made these
statements based upon systematic exploration. Perhaps this same approach would be
helpful for other students. The systematic group approach explored the values of fixed
points for 1 < p < 3 by each student trying values and reporting to the group. The values
tried were incremented by .1 generating a chart of fixed point values. Students were able to
predict values in this chart based upon the previous values within it. Clearly a pattern was
being generated. It was noted that this value was the intersection of the y = x line and the
parabola. Students solved this system of equations using y = x and y = px(1 - x) forx =

E—fl—l orx=1- i— . Students were able to predict the fixed points for 2 < p < 3 using this

formula. However, students also used the Cobwebber to confirm these predictions. They
would calculate a fixed point value by substituting into the formula but they would also
determine the fixed point by entering the values into the Cobwebber. Four presentations of
the iteration to a fixed point were used: 1) numeric prediction using the pattern of previous
fixed points, 2) numeric calculation based upon the algebraic formula, 3) graphic images
using the Cobweb, and 4) graphic images using the Iterate Graph.

The way that the fixed point was approached varied with a direct approach when
i < 2 and the Cobweb circling around when p > 2. The Iterate Graph had two lines of
points one descending and one ascending when 2 < p < 3 converging on a value midway
between the two lines of points. But when p > 3 the two lines of points did not converge to
a single value but remained at two lines of points. To determine if the behavior of a
function was going to converge to a fixed point at the intersection of the y = x line and
parabola or enter a 2-cycle the Cobwebber could be run again. This time the x-input value
could be chosen so that it was very close to the intersection. If the iterates were to
converge then they would continue to get closer together and closer to the intersection.
However if the behavior of the function was a 2-cycle then the iterates would diverge in
two lines of points leveling off at the 2-cycle.

A similar procedure was used to determine if a function was a 2-cycle or a 4-cycle.
Students noted the four values at which the function seemed to have leveled off. They then
entered an x-input between the four values tried and noted whether the 4 values seemed to
converge to two values or diverge to 4 values more spread apart. In this way students were
able to determine a 4-cycle. However as students continued this type of exploration it
meant waiting for the Cobwebber to draw many iterations. It was tedious to wait so long
for results. Switching to the spreadsheet allowed for 100 iterates to be drawn almost
instantly. This made it possible to test behavior by entering an x-value and then watching
what happened. Students could then take the value of the one-hundredth iterate and enter it
as the x-input. They would then see the next 100 iterates. If further iterates were required
they could repeat the process. In this way students could see pattems much more quickly.

Human-Computer Interactions

Students were actively involved in computer assisted explorations throughout the
study. They entered values and watched as the software responded in predefined ways to
their input. Student input initiated the software activity. Students attempted to understand
the software, its graphic images and numeric values. They began to understand these
presentations as they explored and they began to direct their explorations based upon their
growing understanding. For example, John noted that iterates "level{ed] at" a particular
value. Based upon this realization he began to explore systematically noting the fixed
points and making the generalized statement of range of p-input and range of fixed point.
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In this case the computer-context shaped the students' learning by generating graphics in
predefined ways and representing the iterations for the student's exploration. However the
student shaped the context by his input. Had he input different values he would not have
seen the graphs he saw and may not have made the conclusions he made. So the student
shaped the context by his actions.

If students explored systematically (as did John) then they may have noticed the
approach of a fixed point. Students' systematic approaches brought forth a particular
aspect of the medium. If students confined themselves to the chaos range (as did Mike)
they may have noticed no patterns of behavior other than the effect of the x-input on the
initial location of the Cobweb. The way the Cobweb was constructed may have been the
focus rather than the behavior of the function. The graphics enabled Mike as the leamer to
explore Cobweb construction rather than the behavior of the function. John noted the
approach of a fixed point from his experiences with the software. The software, through
its predefined action, thus brought forth a particular kind of student action dependent upon
students' experiences and the choices they made within the interactions. The students
brought forth a particular view determined by their experiences and their interactions with
the medium. The medium occasioned the student's view by its structure and the students
each brought forth a view of the medium through their interactions. The medium and the
student can be said to coemerge in this context. Each is codetermined by the other through
their interactions.

As another example consider when the p-value as input is very small and the
parabola drawn is very flat either appearing to be a straight line or not appearing at all. The
Cobweb cannot be drawn for such an input and thus students might get the impression that
it is not possible to iterate when p is small. This software limitation affected students'’
experiences but it was the students' choices of input which brought this limitation into the
foreground. Students wondered what happened beyond the range O < u < 4 and if other
types of behavior occurred beyond chaos. The Cobwebber was not programmed to
provide exploration opportunities beyond this range because such Cobv/ebs are not
bounded within unit x and y axes and thus are difficult to demonstrate using graphing
techniques. However students were left wondering about the behavior beyond this range.
The software and student codetermine each other in this example.

Students were asked to hypothesize about the origin of the 'grey area' in the
bifurcation diagram. Students used their knowledge of chaos and its behavior to make
suggestions of how and why this area occurred. Chaos was generally accepted as the
cause of this area. However students suggested it may have been caused by many
bifurcations repeated on a small scale, by all the iterates of the equation being plotted, the
iterates approaching many values, or a random scattering of iterates. Students generated
these hypotheses based upon their experiences with the software medium. The interaction
with the software brought forth the students' understandings.

Perhaps students' watching a computer is not an inactive phase if it is directed
watching. If students can interpret what they see they can make sense and understand. In
addition, students provision of input places them in a position to interact with the medium
and provides them the opportunity to 'bring forth' this medium. Perhaps the point is not
that students interact with a medium but that they enact meaning within the medium.
Students enacted mathematical experiences within the computer mediums. The structure of
this medium and its constraints become evident and enacted a sphere of behavioral
possibilities through which students acted. The programs' structures determined
students'action in a particular direction. Students input to the programs selected from the
possibilities and initiated the actions of the programs. Students could then bring forth an
understanding of what it was about their inputs that produced these results. The interplay
between the student and the computer software is significant. It is not merely interaction
but enaction. The context shaped the leamer and the learner shaped the context.
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Chapter 7
Human-Computer Enaction: Implications for Education and Research

What is Human-computer interaction (HCI)? As the name implies it is the
interaction between a human and a computer. But what is meant by interaction? The
importance of interaction within the realm of HCI seems almost unquestioned. The
discussion in this chapter carries the notion from the sphere of 'interaction’ to that of
embodied action or "enaction" (Varela, Thompson, & Rosch, 1991) shifting the view of
HCI from a representationist stance to an enactive one.

The HCI label appears to be self-explanatory — that is, anything to do with people
interacting with computers — yet it has been interpreted more narrowly as simply the

study of user interfaces, which seems an extremely limited view. (Bannon &
Bedker, 1991, p. 231)

We can broaden this view of HCI by considering the notion of interface from an
enactivist stance. The interface is often considered the boundary between the user and the
computer software. It may be considered to be the place where the two parties
communicate or it may be considered a barrier that stands between the two, separating
them. But from an enactivist stance it is the place where the user and software coemerge.
The software becoines evident to the user through the interface. The interface is the means
of occasioning the users actions. The user takes action upon/within the software through
the interface. The interface is thus the place where the software and the user vodetermine
each other. From the enactivist viewpoint the medium and the user coemerge.

As an example of the coemergence of user and medium consider Susan's creation
of a living essay in Authorware Professional (AP) (described in detail in Chapter 4). She
wanted to create an image of the main character in her story (Cheeser) holding a piece of
cheese. She drew an image of a triangle of cheese in Superpaint and then attempted to
transport it to AP. However in the action of copying and pasting the mouse and cheese, the
cheese always remained uncopied despite repeated attempts. Susan finally resorted to
drawing a round pizza in AP and changed the text of her story to be about pizza to
accommodate her difficulty with the cheese image. The medium in which Susan worked (a
computer environment containing AP and Superpaint) constrained Susan's story and thus
Susan's productive efforts coemerged through/with the medium and Susan.

The enactivist viewpoint is a stance toward cognition which addresses the question
"what is it for a human to know a world?" Many scholars have pondered this question and
many schools of thought have emerged which attempt to address this question. Descartes
determined that the mind and body were distinct. A consequence of Cartesian dualism is
the representationist view for which the world is pregiven and represented in a mental
model by the mind of the subject in this world. Cartesian dualism results in a realist stance
in which the world is an external foundation. Another point of view also based upon
representation is the idealist stance which sees the world as dependent upon representations
by a subject since ail aspects of the world can only be accessed by the senses of a subject.
The world then is an internal ground. Both approaches, realist and idealist, look for a
groundedness externally or internally.

The conceptions of studies in this dissertation were originally enframed within the
representationist stance. The world (composed partially of computer programs) was
pregiven and the students of the mediums were to determine the features and functions by
constructing mental models. The predefined features of the mediums were to be
represented by the student and acted upon based upon these representations.

The AP context, discussed in Chapter 2, was viewed as a preconstructed context.
Students were expected to read about and come to understand the medium through the
instructional simulations (IS). The expectations were that features of AP must be
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understood in order to function within this environment. This understanding would be
based upon how well the organization of the students' mental models matched the world.
These features to be understood included AP's use of icons, flowchart, pull-down menus,
and toolboxes to provide a user interface. It was expected that users of this software must
become familiar with the features of this interface in order to function within this
environment. From the representationist stance analysis would interpret students’ views to
determine if they matched the predefined features of the medium. Students views would be
assessed for this purpose.

r was described (Chapter 5) as a pregiven world. This
world needed to be explained and its features needed to be understood in order to then
function within it. The features of this world described were: 1) iteration, 2) the Logistics
Equation, 3) lterate Graph, and 4) Cobweb. The medium was defined through the
computer software provided: the Cobwebber and the Spreadsheet Logistics Equation and
later (in Chapter 6) through the Iteration Program. Students generated concepts which
were specific to the environment through which they explored as well as more generalized
concepts. An example of the concept of iteration was provided in Chapter 6. Students
generated qualitatively different conceptions of iteration. Some students understood
iteration as specifically related to the square root function. Others saw it as a more
generalized process which included the idea of repetition. Still others had a more complete
generalized concept which included the idea of repetition but also included the idea that
output of one stage of iteration is the input to the next stage. This view of the context was
representationist in that the students were to explore but were to generate a set of concepts
which could be predefined and which existed in the independent world of mathematics.

In both studies an initial representationist stance provided a framework for viewing
the computer programs as external entities to be understood and represented by mental
models. In both cases the computer was viewed as an intermediary between the user and
the task, thus separating them. It was the student's task to overcome this cbstacle posed by
the software and hardware or at the very least the student needed to interpret and model
what the hardware and software presented. The computer was also viewed as the focus of
student attention and the object of study. Students were to learn about the software and
hardware and make this initially a study in itself. Students were to leam to enter values into
the mathematics programs correctly in order for it to graph appropriately. They were to
learn to select appropriate options in AP to achieve results. Students were to have a
technical understanding of this external phenomenon which stood between the student and
task.

This idea of separation of mind and body, student and task is a very
representationist one but prevalent in studies of computer-based learning. It relies on the
notion of an external and an internal. This idea is at the core of numerous research
programs about computer assisted instruction and cognition. But what if we were to see
these computer programs differently? What if we were to envision a way without this
separation?

Understandinig the medium from an enactive stance

The way proposed by Varela, Thompson, and Rosch (1991, p. 149) is termed
embodied action or enaction. "Knowledge depends on being in a world that is inseparable
from our bodies, our language, and our social history—in short, from our embodiment.. ...
We must see the organism and environment as bound together in reciprocal specification
and selection" (p. 174). The organism and world mutually specify each other, each
enacting the other. They are said to codetermine each other. The system's (organism's)
behavior is determined by its structure and history of interaction in the environment. A

path of action is laid down by the mutual specification of an organism acting on and in the
world.
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The AP Context. The purpose of Chapter 2 was to explore student's concepts
through interviews providing examples of students' discussions in order to characterize
concepts formed while using AP. Students developed concepts specific to the AP interface
as well as more generalized concepts through their activities and the IS. One example of
concepts discussed in Chapter 2 was that of icon. The concept of icon was described by
students in three ways: 1) it represented a command, 2) it was used to write a part of a
program, or 3) it was used to execute a function. Discussion of display and erase icons
showed that students had various conceptions of these icons but these conceptions were
specific to the AP context. An extension of this discussion lead to the concept of object.
Other concepts discussed included the flow of activity through the flowchart via the
flowline and the mediating effects of pull-down menus and toolboxes as well as the concept
of program. The analysis of the concepts from the initial AP study (Chapter 2) was
conducted to characterize students' concepts. The emphasis was upon concepts students
generated through their interactions with AP and the 1S. The task was to understand
students' views of the AP environment. Such an approach is not representationist but
enactive.

An enactive approach is described by Varela, Thompson, and Rosch (1991, p. 174)
in these terms: "the organism both initiates and is shaped by the environment." A quote
from Merleau-Ponty (1963) provided by Varela, Thompson, and Rosch (1991, p. 174)
describes this reciprocal relationship for movements of an organism:

Since all the movements of the organism are always conditioned by external

influences, one can, if one wishes, readily treat behavior as an effect of the milieu.

But in the same way, since all the stimulations which the organism receives have in

turn been possible only by its preceding movements which have culminated in

exposing the receptor organs to external influences, one could say that behavior is
the first cause of all the stimulations. Thus the form of the excitant is created by the
organism itself, by its proper manner of offering itself to actions from the outside.

How can we interpret the work of students in the AP environment
from an enactivist perspective? Students brought forth the AP context describing the
icons, flowchart and toolboxes (in Chapter 2) as they had experienced them. The
interpretation put forth sought to understand students' perceptions of this context and the
world students brought forth which contained the AP software. For example students were
asked about the erase icon in AP. They described its function as an eraser. Students
perceptions of what the erase icon erased were variable. Some students thought it erased
the first screen displayed, others thought it erased the last screen displayed, while others
thought it erased the screen just prior to the placement of the erase icon. A final student
indicated that the erase icon erased the contents of the icon that had been selected to erase.
This analysis (and the remainder of the analysis in Chapter 2) was limited because it
showed only pieces of students' views (it did not connect these views with those expressed
about other icons) and did not describe the students' activities in attaining these views nor
students' perceptions of these views.

The later studies attempted to rectify these shortcomings, and better assess the
enactive features of the AP environment, by tracing students' actions and discussing
students' views. In the later studies with high-school students the same instructional
sirnulations were used but activities had been added. These activities were developed based
upon interactions between the researcher and adult students interviewed in the study for
Chapter 2. These activities provided students an opportunity to experience AP through
open ended creations of products within the confines of the assignments but with content
and structure based upon students' ideas. Students' ideas were given a fuller place in the
context of the completion of these assignments. Students produced many different kinds of
'click/touch’ type interactions using many methods, some similar to those they had been
shown. For example, students watched an IS about how to use an interaction icon and
attached icons to create a multiple choice question. Students activities produced zan
interaction which allowed users to click on a predefined region of the screen and the iisers
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were provided feedback to their choice. No specification of the format or content of the
interaction was provided. Anne (discussed in Chapter 3) used the multiple choice format to
provide a series of questions embedded inside questions. Logan (Chapter 4) created the
question Would you like to see my show? responding to two answers yes and no
with the respective feedback 1) On With The Show 1111111111 and 2) Gh, well you
are going to see my show whether you like it or not. Each student in this
context specified the question text, answers to be tested and feedback to be given to the
user. Each student set parameters suitable for the type of interaction each had created.

The later approach to students' learning about AP was not merely a drill and
practice approach because students did not learn exact procedures to follow and steps to
perform. Their actions were not intended to imitate an external model (as is often the case
in computer-studies activities). The structure of the files produced were to be determined
by students. These activities provided students the opportunity to explore the medium and
generate approaches assuming students would vary these procedures and structure the
products as they saw fit. These activities were enactive in that their design acknowledged
that students must generate products according to their perceptions of the assignment and
based upon their experiences with AP and their personal history.

Through the actions of creating a product in AP we are transformed as well as our
relations to everything else in the world because creating in AP, like any experience, is
woven into our experience of living. By writing a story about Cheeser the Mouse Susan
created a story, a piece of her world, which had not existed before. She existed anew in
the experience of writing this story. She was not the same as she was before she wrote this
story for now she had written in a multimedia format. She may have begun to see herself
as an author, director, programmer, designer, or teacher. This new view of self was
enacted in activities in relation to the computer and through the products students generated.

It may be suggested that the products of students' actions remain static. In the
sense of their structure and the words and graphics within them this is true. However the
act of watching this file is different each time because the watcher is different and the
context is different. We can never watch the file the same way twice. This is true whether
we actually alter the contents of the file or not. Our meanings for our activities and their
products are ever changing even if the content of such products is unchanged. Likewise
when we produce a product in AP the process is never the same twice. The actions of
placing icons and filling them with text and graphics or specifying their options may be the
same but the meanings of these actions are aitered. In producticns in AP we are enacted
and we enact.

The overall concern of an enactive approach to perception is not to determine how

some perceiver-independent world is to be recovered; it is, rather, to determine the

common principles or lawful linkages between sensory motor systems that explain

L,w action can be perceptually guided in a perceiver-dependent world. (Varela,

Thompson, & Rosch, 1991, p. 173)

By recording students' actions and interactions speculation about some of the
connections between students and their world may be made in terms of how actions can be
perceptually guided in the student-dependent world. However by watching the actions of
students on the tape we are reconstructing a world that has already ceased to be because the
world now exists in a new moment. The tapes do not have the same meaning that they did
when they were recorded because the parties watching them are not the same as they were
when they were recorded; actions in the world have changed the parties. The interactions
with the world are not the same because the parties are different and so the world brought
forth by each party is different. The world is ever-changing. So interactions with this
world are not the same. The parties are changed by these interactions. The parties and the
world are codetermined.

Consider the students in Chapter 3 who used the AP software to bring forth a world
they created through their living essays. The nature of that world was determined by
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seemed to have enacted coherence of their actions on the basis of their embodied history of
explorations and activities.

As suggested by Ihde (1979) the computer both enframes and enables students'
actions. The computer software limited pathways open to students (for exampiz the
interaction types possible) and enhanced the possibilities of other pathways (by making
loop structures possible, for example). However it was the learner's structure and history
which codetermined the actual pathways possible and chosen. AP has icons which can be
combined in a vast number of varieties. However, students frequently used display icons
followed by wait and erase icons. These structures were made possible by AP but
ultimately chosen by students by their activity in AP.

The leamer created a path occasioned (in part) by the teacher's specifications.
Experience with AP also codetermined the path selected. The teacher specified particular
structures in AP which students were to incorporate into AP. These included multiple
choice and drag object interactions, graphics, story and sound. However students did not
incorporate simple multiple choice questions with 4 answers, namely a, b, c, and d, but
created branching and interactive sequences through the multiple choice structure. Where
they incorporated these, and the structure of these interactions were codetermined by
students' history of interactions with AP.

The creations of products by these students was codetermined by the computer
software, the student, the teacher, the classroom encounters with other students, and other
factors in the lived history of the student. The student, based upon this history,
codetermined the path. The computer was both a limiting and enabling factor, as well as a
space to enact the path chosen. In so doing it was the vehicle to relate to the living essay in
and of the world. F was also the environment which formed the background, active
through student activities.

. Through their actions students enacted a world of
mathematics described by students in their record-making during the study. Students did
not necessarily develop views consistent with ‘the independent world' of mathematics
(from a representationist viewpoint). For example the bifurcation diagrams students
produced should have been replicas of one another all representing the same information in
the same way and matching the bifurcation diagrams apparent in the various books about
chaos theory. Students did not create carbon copies of these diagrams. They experienced
mathematics through their explorations making observations, generating diagrams, and
devising generalized statements. They devised procedures to facilitate finding cycles.
When confronted with the realization that the functions they explored through this computer
medium approached the intersection of the parabola and the y = x line they solved a system
of equations and factored the resulting expression. Their history of algebraic explorations
and experiences enabled them to perform this task and enact these procedures. They
brought forth a world of mathematics througi their experiences of interaction within the
computerized environments which was depen:ent upon their history.

The worid each student described was different just as their descriptions were
different. G::=n that each had a different mathematical history and a different set of
experiences within this study the fact that the features of the world were described
differently is not surprising. But the important thing to note is that students did not see this
world in a static unchanging way. They interacted with the computer programs provided
and each day the patterns they saw were different than the last day. For example, early
exposure to a chaotic functior: led students to draw the Cobweb and try to figure out the
pattern of Cobwebbing. Later exposure to a chaotic function led students to wonder about
the patterns within this chaos noting the fact that a pattern was almost reached but thena
change occurred. Early in the study students saw the graphics produced and wondered
what it was all about. Later they 'made sense' of these graphics and focused upon the
patterns produced by the graphics. The same graphics were seen but the meaning of the
graphics had changed. Through interactions with the programs students had come to new
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meanings which resided not in the graphics and not in the students but was ever-changing
and within the interplay between the students and the graphics.

The graphics, as with the software and computer, are not neutral in this context.
What is generated is codetermined by the student and the graphics. The graphics occasion
certain kinds of paths and limit others. Each graphic, given its structure and features,
occasions its own paths. But it is the student who generates the path through embodied
action codetermined by the students’ history (including interacting with the software) and
the software itself. A software designer, through the building of the software structure,
may intend certain actions and pathways be taken but it is the user of this software who
codetermines (with the software) the paths taken. In this sense computer software cannot
teach. It can only codetermine with the user.

The computer was a part of this experience, codetermining the path laid down
through students' actions. The cycle of change was ever active through the
codetermination of subject and environment. In Chapter 6 students attempted to understand
the softwares' graphic images and numeric values. As students explored they began to
understand these depictions and began to direct their explorations based upon their growing
understanding. By systematic exploration of the Logistics Equation y = ux(1 - x) in the
range O < . < 1 students saw the iterates of these functions approach a fixed points of O.
But exploration in the range 1 < p < 3 students saw a fixed point but its value changed,
increasing as the p-value increased. Explorations in the range 3 < p < 4 led students to see
not fixed points but 2-, 4-, 8-, and 16-cycles (bifurcations) and then chaos. The computer
medium, by responding in predefined ways (through its structure), shaped students'
understandings. But it was the students' choices of values which shaped the interaction

and thus brought forth the medium. The computer software and students' actions were
codetermined.

Implications for Education and Research

The meaning of instruction is codetermined by students in context. The structure
and-meaning of the ‘information' is codetermined by students in the setting. Students

structure their activities according to their perceptions of the medium and based upon their
experiences and personal history.

There is no "transmittal information" in communication. Communication takes
place each time there is behavioral coordination in a realm of structural coupling. ...
Each nerson savs what he savs or hears what he hears according to his own



of amplification which Ihde might have expected in his discussion of "ordinary usage." By
interacting with students it became necessary to question "ordinary usage'' expectations.
Educators exploring computer environments with their students need to examine what types
of activities are amplified by interaction with the environment and what types of activities
are reduced. This determination can only be done by interacting with students as they
explore the medium. This will allow educators to balance the activities, hopefully
providing a more inclusive view of computing and broader applications and usage of skills
and concepts than tradition narrow definitions of computer applications.

Chapter 4 traced two students interactions with the AP environment. Ways
students interacted with this environment were evident through the description of students'
activities. The way that students interacted in this environment was through/with the
computer and with/in the assignment and context. Students enacted the computer
environment in this context as an expressive environment through which they could
develop stories. The stories involved images, text, animations and sounds. The nature of
the stories was codetermined by the confines of the environment and yet were enhanced by
the provision of facilities for students to develop stories in this context. Students were both
empowered by the environment's functions and enframed by its limitations. Students in
classrooms where multimedia production is the task have varying experiences with the
technology. The computer environment, including hardware and software, facilitates
particular type: of explorations and activities by its structure like the inclusion of simple
interactive sequences into students' stories. Thus it enframes students' activities to a
particular range of activities delimiting the types of interactive sequences to a particular
range of interactions (for example not allowing full sentence text responses to questions).
However within that range the computer environment frees students to try new and exciting
things they may not have experienced previously like the inclusion of animated graphic
images into their text, or the inclusion of sounds to highlight activities of characters in their
stories. Thus it both empowers and enframes students' activities.

Teachers need to be aware of this duality of function of the computer environment
and examine how students' experience the context including its empowering and enframing
elements. If particular elements are reduced by the particular computer applications and
activities in which students are involved then the teacher might generate other activities,
with or without the computer, to compensate for this enframement. If students perceive the
computer environment to be unduly restrictive, either because of software or hardware
limitations, then the environment likely does not occasion students to take action and
produce experiences for themselves that will expand their possibilities. Teachers aware of
this situation can take action to encourage exploration and learning by proposing alternative
activities or allowing students to propose them. If the computer environment is 100
expansive and unlimited students may perceive it to be too complicated to explore and
generate experiences through which patterns of coherence are possible. In such cases
students may not wish to take action. Teachers can provide structure and pattern by
delimiting the environment, for example only introducing students to a limited number of
icons to begin with and then building up students' experiences with more icons over time.
Computer environments, therefore, need to be carefully selected or generated so they
encourage students to engage these environments and bring forth from the sphere of
behavioral possibilities a world with consistencies where effective action can be taken.

Chapter 5 provides an overview of several computer programs for the exploration
of mathematical concepts in the field of non-linear dynamics and chaos theory. The
environment provided by these software packages was brought forth by the researcher
through her interactions with it. Each package provided particular features which made
aspects of the mathematics salient. The computer programs, taken together, generated a
space for exploring and generating mathematical concepts consistent with the field of non-
linear dynamics. This chapter provided insight into how the researcher brought forth the
world of non-linear dynamics within this computer environment. For teachers who wish to
use or develop software it may be useful for them to overview the features which are salient
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within a software medium and the limitations of this medium. For example in the case of
the Cobwebber described in Chapter 5 only the Logistics Equation y = px(1 - x) was
provided. A more general Cobwebber, capable of exploring other functions would be
useful in understanding more fully the activity of Cobwebbing. The patterns of
mathematical activity (approach of a fixed point, cycles, and chaos) would be generalizable
to other functions if they could also be explored. In addition the Cobwebber only provided
the opportunity to explore functions from the Logistics Equation for 0 < u < 4. This
limited the graphing of the Cobweb to a 1 x 1 square and thus was functional from a
programming point of view. However, Cobwebbing can be done for values of p > 4 and
the capacity to encourage these explorations may be beneficial. So an environment
complicated enough to encourage exploration is necessary but it must be limited in some
aspects to allow patterns of behavior to be evident. However it would be best if the
environment could then be expanded to allow greater exploration. For example, the
Cobwebber only dealt with a 'different equation'. What types of patterns of behavior occur
for differential equations? This cannot be answered by the Cobwebber program as
provided. As an altemative it might be best to create an equivalent of the Cobwebber in a
mathematical system like Mathematica!. This would allow the delimiting of the activities
using a Mathematica notebook with the appropriate commands. Once exploration of the
existing parameters was sufficient that coherent patterns of activity were evident then the
environment could be expanded to enable other possibilities and further explorations, for
example other functions, differential equations and expanded ranges of the Logistics
Equation.

Chapter 6 demonstrated students taking action within computer environments
building mathematical meanings. By interacting with these students, by watching what
they did, how they explored, and by having them record their activities, findings and
perceptions it was possible to get some sense of their enacted meanings in the context.
Their writings revealed an experience of this computer medium through mathematical
actions. The medium seemed to be of mathematical significance to them. They noticed
patterns and the lack of pattems, developed understandings of the context, and enacted this
environment through explorations and interactions. They noticed the approach of a fixed
point, cycles of activity when iterating, and chaos. However these students wondered
what happened after chaos following p = 4. Was another type of behavior evident? They
also wondered about values of p < 0. What effect would this have? They wondered what
effect input values of x, other than O < x < 1, might have. In particular they wondered
about negative values. Students were introduced to fractal geometry in the study. They
were interested in the connection of their non-linear dynamics mathematical explorations to
the study of fractal geometry. Many fractal packages exist which use iterative functions to
generate fractals. These could also be explored by students to extend their mathematical
activities.

If the patterns revealed through each of the studies characterizes human-computer
interaction in these two contexts then the role of the teacher, the student, the environment,
the curriculum and the computer changes. The effect of each is codetermined by the
context in which activity takes place. The teacher's role changes from provider of
information to facilitator of exploration becoming a learner and explorer with the students.
The students' activities take on new importance as these are the ways that students
experience and generate new meanings. The environment mediates the activities of
students so it must be considered in educational decision making and educational research.
The curriculum becomes that which is enacted by students immersed in a context. The
notion of curriculum as transmitied from a provincial, state, or federal government to the
classroom is no longer reasonable because what the teacher and students bring forth is what
the curriculum becomes. Commonly sited goals of computer literacy become

1 Mathematica is a mathematical system created by Wolfram Research, Inc., Champaign. Illinois.
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unreasonable. New pedagogic concemns will undoubtedly emerge from student and teacher
involvement in computer-enhanced contexts. These become places for further research.

When one enters into research from an enactive stance, this stance is embodied in
one's actions. The environment takes its place as the background to the participants in the
study who are in the foreground. The environment and participants codetermine each
other. The participants enacting from the sphere of behavioral possibilities a world of
coherence which becomes the focus. The question emerges: what is the nature of human
embodied action in the foreground against a background of the environment? Thus the
participants to be studied and the context of the study must be specified. The participants.
as always, will be determined by availability and researcher access. However the
backgrounds which are of interest to educators engaged in computer research can be
specified, constructed and explored.

Mathematical computer environments can be developed within mathematical
systems like Mathematica where students can engage in algebraic/mathematical exploration
and imaging. Students can enact 1) geometric exploration through geometry software,
2) mathematical imaging through graphing packages, and 3) numeric manipulation and
graphics generation through spreadsheet files. Research can focus upon students’
exploration potential, activities and findings within these environments. Specific research
questions might focus upon the kinds of environments which are expansive enough to
encourage exploration but limited enough not to overwhelm. The environments might then
be expandable to encourage students' continued exploration. The interplay between
students' explorations and the expansion of environments is worthy of study.

As an example of such an exploration consider the spreadsheet environment.
Students could be encouraged to create formula placed into cells and then graph these cells
(as described in the spreadsheet Logistics Equation in Chapter 5). Students could then
explore functions, numeric relationships, and equation generation using this technique.
The students could initially be introduced to generating equations using simple
mathematical expressions involving addition and multiplication of values housed in other
cells. When students are capable of manipulating these expressions and capable of
interpreting or even predicting results then students could expand their activities
incorporating calculations using more than one cell as a source of values, including other
types of calculations like division and subtraction, and using iterative approaches to writing
expressions. Activities would need to be open ended enough for students to explore the
spreadsheet medium but with some initial limitations of complexity to enable exploration
and coherence. Later activities could be expanded by incorporating a larger number of
functions guided by students' activities and questions.

Many other research contexts could be explored within the computer domain.
Research could ask how drawing and painting packages enable students to generate
graphics and images through these spaces. How do word processors provide opportunities
for students to engage in language exploration? How do desktop publishing packages,
which integrate language and image presentation spaces, provide students possibilities to
see the interplay between text and image? How do students integrate images, text and
dynamic video through desktop video? In what types of activities do students engage when
students explore multimedia development packages which integrate sound, animation, text,
and images? Networks and electronic mail provide students spaces for information sharing
and exchange. How do students exchange, distribute, use and explore information within
these computer-enhanced environments? These questions all point to issues of students’
activities, actions, perceptions and meaning making in computer environments. This may
be the focus that research in computer education takes in coming years.
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Conclusion

An enactivist stance is an alternative to a representationist stance. ''The autonomy
of the living being [must] be given its full place" (Maturana & Varela, 1987, p. 253). This
stance is a view of knowledge which is quite different from that usually found in the
domain of cognitive science. This stance to cognition has broad implications. If we cast
out our representationist views then what is research? What is instruction? What is
educational experience? If this non-representationist view takes the sense-making capacity
of autonomous living systems as its focus then research agendas and educational endeavors
must take new forms. This stance implies the need to look deeply at our own practices and
change them to encompass this broader view. This focus toward change will engage us in
action, bringing forth a world of research and education from an enactive stance.
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Epilogue

The knowledge of knowledge compels. It compels us to adopt an attitude of
permanent vigilance against the temptation of certainty. It compels us to recognize
that certainty is not a proof of truth. It compels us to realize that the world everyone
sees is not the world but a world which we bring forth with others. It compels us
to see that the world will be different only if we live differently. It compels us
because, when we know that we know, we cannot deny (to ourselves or to others)
that we know. (Maturana & Varela, 1987, p. 245)
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Outline of the Study

1) a) After completion of the first CAl lesson 1. Introduction which introduces the
concepts of icon and flowchart and introduces the first three types of icons
(display, erase, pause) in Authorware Professional the student could be asked
questions (listed under the heading Interview One) in regard to their understanding
of these concepts. .

b) Afier completion of the interview the students will be given an opportunity to
create a lesson (Activity 1) with at least two displays and incorporate erases and
pauses. The task will involve exploration of effects, #nes. fills and modes. This
task is described under "Activity One"

2) a) Students will now use the second CAI lesson 2. Introduction to the Icons.
This lesson introduces each of the icons with special emphasis on the decision
icon.

b) Students will answer questions (Activity Two). This will assist in determining any
difficulties with the loop structures before proceeding.

¢) The student will then complete Activity Three to further explore understanding of
loop structures in Authorware Professional. By interacting with students during
this creation it will be possible to understand students ideas of creation of a
flowchart and to better understand student conceptions of flowcharts.

3) a) After completion of the CAI lesson 3. Multiple Choice each student will create
a multiple choice question (Activity Four) of his/her choice.

b) By interacting with students during this creation it will be possible to understand
students ideas of creation of a interactions in Authorware Professional.

4) a) After completios of the CAI lesson 4. Drag Object each student will be asked to
create a gmig object question (Activity Five) of his/her choice. By answering
student questions and observing student progress difficulties in conceptualizing the
process can be identified and intervention to correct misconceptions is possible.

5) a) Activity Six relies on student ability to construct flowcharts and requires the

. creation of a text answer question. This question is provided so that students
explore various aspects of question creation including test response type, group
icons as feedback, and order of feedback. Students ability to create and analyze
flowcharts will b assessed.

b) Students will then create a text answer geustion (Activity Seven) of their own
choosing.

6) During Activity Eight students will return to the five programs they have created: i)
displays, erases and pauses, ii) loop structure, iii) multiple choice question, iv) drag
object question, v) text answer question. They will ‘group' each one of these five
mini-lessons into individual icons. These five group icons will then be copied and
pasted into one Authorware File called Student Name6. Students will have created
a complete and complicated program integrating small interconnected pieces into a
complete program.

7) Following these explorations students will again be interviewed about conceptual
understanding of icons, flowcharts and Authorware (Interview One, Questions 1 a-g).
This will assist in understanding the mediating effect of experience in understanding
Authorware Professional. The question of what is Authorware Professional and what
it creates can once again be asked. This may indicate a richer understanding than
previously indicated.

8) Following these activities students will create another lesson of their own choosing
(Final Project) which uses their new skills in working with Authorware Professional.
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Interview One

This interview is to follow the completion of the first CAl lesson "1. Introduction”. It's
intent is to establish the conceptual nature of students underst:ndings of icons, flowcharts
and Authorware Professional and to establish the experience level of students

1) Questions pertaining to Conceptual Understanding of Icons, Flowcharts and
Authorware

a)

b)

<)
d)

e)

f)
2)

What is an icon in Authorware Professional? Compare these icons to those in the
Macintosh environment.

What do display icons display?

What do erase icons erase?

What is a flowchart and what is its function? Compare these flowcharts to those
used by programmers.

What is the function of a toolbox?

What do pull-down menus do in Authorware Professional? Compare these menus
to those in the Macintosh environment.

What is Authorware Professional?

2) Questions related to Demographics and Experience

Age? Gender?

How many years have you used a computer?

How many years have you used a Macintosh computer?

Do you consider yourself comfortable with the use of a computer?

Was leaming from the CAI package helpful?

Have you ever used Authorware Professional before this course? Explain.
Do you own your own computer?
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Activity One

If you do not already have one, create a new folder on your diskett~ .. - . i:ard
drive and give it your name.

Double click on the file in your folder named 1. Introduction. You .vill see a
simulation of the use of Authorware Professional. Pay attention to the ..4: .3 on the
screen and the text descriptions you see. When a blank screen at the end of tix lesson
appears you should quit the lesson.

Double click on the Authorware Working Model. When prompted to do so create a
new file called Your namel. In this file you will place display icons L=, erase icons =,

and wait icons .

Within the display icon you should use all 6 features of the toolbox shown below.

O]

A SRS

Explore the Edit pull-down menu and make use of lines, modes, fills and effects.

indo K P4
£ ut =}
L opy =C
Paste E 4 1)
flear

Show clipboard

Group =0
Hagroup =4
Select all = fl

Effects... %L

Lines... ®L
Fills... %D
Modes... %M
Color... %K

Bring o front
Send to back

In addition you should make use of the Font and Style pull-down menus to create text of
different styles, sizes and types. When you have created this file save it in your folder on
the hard drive. Now quit the Authorware Working Model and copy the file to your
diskette. This way you will have a backup of the ile for later use.
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Activity Two

Double click on the file in your folder named 2. Icons Explained. You will see
another simulation. From the simulation you will see the names of each of the icons and
some of what these icons do.

State the name of the icon and describe what each of the icons does. Pay particular
attention to the last icon in this list as part 2 of this activity involves this icon extensively.

® ® &

=)
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2) a) Describe what the following flowcharts do? Where possible. draw the path the
flow indicator would take in this flowchart. If you cannot draw the path flow then
describe the path flow.

i)

¢ File Edit Uariables Models Fant Style Try it

S==== Pecision lcon =)

Selection:

@ sequential

QO random w/o replacement
QO random with replacement
Q pick “nth” path

L |
Repeat:
O i | times

QO untit all setlected
O until click / keypress
O until condition is TRUE

L il

@® don't repeat

decision

Level 1

SUIN -

§ rime timit: [ | seconds
8 [ show time remalining

AR (o< ) [(concer)

ii)

& File Edit UVariebles Models Fant Siyle Tryit

decision je=sme== pecision (con BN
Levell Selection:
Decision loon @® sequential
O random w/o repiacement
é g é O random with replacement
O pick “nth" path

L i

Repeat:

O ::] times

@® until ol selected
O untii click / keypress
O untii condition is TRUE

L |

O don't repeat

Time limit: ::] seconds
[0 show time remaining

[ 0K J (Concelj
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& File Edit Ueriables Models fant Style Tryit

decision ==——o Decision lcon BY—r—=
Level 1 Selection:

Decision con O sequentiai

O random w/o replacement
@® random with replacement
O pick "nth” path

I 1

Repeat:
o[ Jumes

® until all selected
O until click / keypress
O unti! condition is TRUE

I |

O don't repeont

Time limit: ':I seconds
] show time remaining

[ 0K ] LCancel]

& File Edit Uariables Models Fant Styie Tryit

decision ==———= Decision lcon =
Level | Selection:
Decision lcon O sequential

B ﬁﬁ B @ random w/o replacement

iv)

O random with replacement |
O pick "nth" path

L |

Repeat:
O[] times

® until all selected
O until click / keypress
QO until condition is TRUE

L ]

O don't repeat

Time limit: l::l seconds
] show time remaining

( ox ] [ cancet)
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b) Describe the functioning of the following flowcharts (labelled i and ii) and compare
and contrast the function of the two flowcharts.

i)
& File Edit Ueriables Modeis tant Siyle Tryit
decision E==—= Decision Icon IR
Level 1 Selection:
Decision fcon 1 QO sequential
2 O random w/o replacement
&2 é E § é 3 @ random with replacement
@ l O pick “nth" gath
<> Repeast:
@ O times
= s O until all selected
A O until click / keypress
NN O until condition is TRUE
= . @F i
SIART peiee don't repeat
g =350 Time limit: seconds
()| [ show time remaining
: (ox ] [ concel )
ii)
3 tant  Style Try it

decision

[,

Decision lcon 5N

l
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Selection:
O sequential
® random w/o replacement
O random with replacement
O pick “nth"” path

=

Repeat:
O times

O until all selected
O until click / keypress
O until condition is TRUE

5

® don't repent

l

4 Time limit: seconds
[ show time remaining

(- Dl(j uancelj
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c) Describe tne functioning of the following flowcharts (labelled i and ii) and compare
and contrast the function of the two flowcharts.
i)
& File Edit UVeriables Models Fant Style Tryit
decision '

Decision lcon Bm
Selection:

Decision lcon @ seq‘lEntiﬂ|

O random w/o replacement
O random with replacement
O pick “nth" path

L |

Repest:
O[] times

@® until oll selected
O unti} click / keypress
O until condition is TRUE

L 1

QO don't repent

Timetlimit: [ | seconds
[ Show time remaining

( ok ) (cencei]

& File Edit Uariables Models Fant Style Try it

i)

decision ===— pecision Icon b=
Level 1 Selection:
Decision icon O sequential

O random w/o replacement
@ @ é @ O random with repiscement
@® pick “nth” path
[Pathselected+1 ]
Repeat:
(@) E: times

@ until ail selected
O until click / keypress
O until condition is TRUE

L ]

O don't repeat

Time limit: E:] seconds
[ show time remaining

( ok ] (cencel})
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Activity Three

Open the Authorware Working Mode! and create a new file called Loop Structure. This
file will contain a loop structure like the following.

é

PRED

plE [ &

-
k]
a2
-

.

4
=
v

File Edit UDariables Models

tant

Style Try it

- ey
Decision loonh S

decision
Level 1
Decision lcon %
z

Repeat:

o

O until all selected
O until click / keypress
O until condition is TRUE

O don't repeat

Selection:
QO sequential

O random w/o replacement
QO random with replacement
Q pick "nth" path

times

Time limit:
[ show time remaining

seconds

0K

Cnncel_]

Inside the first display icon you are to place the number 1. In the second display type the
number 2. In the third display type the number 3. In the fourth display icon type the
number 4. Set each of the display choices to Pause before continuing by placing an x
in the box for this choice when the menu appears. The decision icon can initially be set to
sequential and don't repeat. Once you have this file created you are to run the file and
record the numbers that appear in the order that they appear. You will then open the
decision icon and change the options to sequential and until all selected. You will
again run the file to determine the order in which the numbers appear. You will continue to
change the options to those listed below. You will run the file after each change. Record
your answers in chart like the one below.

D
2)
3
4)
S)
6)

Sequential, don't repeat

Sequential, until all selected

Sequential, 3 times

Random w/o, don't repeat

Random w/o, until all selected

Random w/o, 3 times
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7 Random with, don't repeat

8) Random with, until all selected

9) Random with, 3 times

You may also want to try setting other options to see what they do. Your program can now
be used to explore other option combinations too. Two explorations to use with this
program are listed below. Think about what flows these options might create and then see
if you can solve the problems.

Bonus:

a) Describe what the following flowchart does? Describe the path the flow indicator

would take in this flowchart.
& File Edit Veriables Maodels Fant Style Tryit

. Decision lcon V=
Level 1 Selection:

@ sequential

O random w/o replacement

é é é E O random with replacement
O pick "nth*" path
L ]

M Repeat:
®F ] times

QO until all selected
O until click / keypress
O until condition is TRUE

L |

QO don't repeat

decision

Decision lcon

Time limit: I::l seconds
[ show time remaining

{ ox ] [ cencel]
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b) Suggest another way to produce a sequential path that does not use the sequential
option of the decision icon menu or PathSelected+1 in the pick "nth" path option. Use
the following flowchart and decision icon option box to indicate how this might be

done.
& File Edit Ueriables M™Models fFant Style Try it

ESES5= Decision icon IR
Selection: |
O sequentiat
O random w/o replacement |
O random with replacement
O pick "nth" path

l _]

Repeat:
o[ ] umes

O untit all selected
O until click / keypress
O until condition is TRUE

| ]

QO don't repeat

decision

Level t

Decision lcon

REBE

Time limit: [:: seconds
[ show time remaining

( ok ] [ cancel]

—

Decision Icon

(Eoneen)

When you have finished your exploration you should save your file with sequential, don't
repeat.
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Activity Four
Complete the CAI lesson called 3. Multiple.i “wice. This simulation shows the creation of
a multiple choice question using Authorware Professional.

Double click on the Authorware Working Model. When prompted to do so create a new
file called Your name2. This activity requires that you create a multiple choice question
of your own choosing using Authorware Professional. You may want to refer back to the

CAI lesson 3, Multiple Choice if you have difficulty.
Activity Five

Complete the CAI lesson called 4, Drag Object. This simulation creates a drag object
question using Authorware Professional. Make sure to try several wrong answers to the
first question which asks you to drag a compact disk on to a compact disk player. This
way you will see all the options available.

Double click on the Authorware Working Model. When prompted to do so create a new
file called Your name3. This activity requires that you create a drag object question of
your own choosing using Authorware Professional. You may want to refer back to the
CAl lesson 4, Drag Object if you have difficulty.

Activity Six

1) a) In this exercise you are to create a flowchart. Begin with a question icon named
What is 2+2? Use the information provided to select options for the option
box.

Character limit =
3 Auto entry at —*

B2 show entry marker
B3 ignore auti entries

]

. (X Pause before aniti
Yhat is 2+27? x [ra:e entry un.:n e':cgl

Erase interaction:

T "upon exnit ]
[ ox e it disproy )

[ ox ) (cancel)
Now add a display icon to the question.

= QO Click/touth ares
= O Move object

® O Pulldown menu *
s O Keypress

o QO Pushbutton

« O Conditional

o O Vime timit

s O Tries limit

=) @&

Ié_wmt is 2422 |
b e ?
é I Untitled e
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Name the icon four|4|+4 as below and set the options for this icon.

Text Response Options INNENNRER
T ignore: [X) capitatizetion QO punctustion
What is 2+2? j lﬂ,u,m.? spaces [X) entre words X word nrder l
P
l f ;" +fourl4i+4 | motchatieast[ Jworas T Correct response |

O incrementet matching Tt nteraciion ]

(chenge Response Type] |Cancel} Erose fuedbock:
! { " 0x « Edit displey B ﬁﬁl after nent entry |

Now add another display icon to the question and name it as below.

E Text Aesponse Options DENERTNSEEDR
T Ignore: [J cepitatization [ punctustion

Ospoces {Kextro words [ word order

What is 2+27? L _J
p...——D... +four|4l+4 |[Motchat ienanordl Y wrong response |
- %

3 incremental moatching

% {tnange Response Type) {Cancel) 1"::!: ::::‘““: —]

(Tok e Editasptay ) [ ox T _after nent entry ]

Now add the following information to the display icons and the question.

-

— whetis 2+ 279 T
e PTUNS 2427
»..———b... +fouri{4|+4
-3 o0+ 00= 000D
@ D_ 4 Count the entire group

[vour enswer 1s correct |

i) What does the question icon ask in your program?
ii) What is the correct answer that is tested for?
iii) What answers (besides the correct one) are tested by the question?

iv) What response type (ex. drag object, click/touch, etc.) is the correct answer? the
incorrect answer?
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b) You are now to modify the flowchart you have made by dragging the first display
icon to the right of the second display icon. The result will look like the flowchart
below.

T

What is 2+2?
b... ... - %
Q 9 +fourldl+d
T —

Now run the program and enter a wrong answer.

i) Describe what is displayed when the wrong answer is entered.
ii) Describe what is displayed when the correct answer is entered.

iii) Compare the answers for i) and ii) above and describe why they occur.

¢) Now put the icons in the correct order as below.

Yhat is 2+42?
D’——é +1;9url4l+4

To this flowchart add another icon named negative four|-4.

T FM
what is 2+2? +fouri4l+4 = 4 )
o@—é—é —r;?:ative fourl-4

— —

Tent Response Options NN
tgnore: [X cepitalization O punctuation
Ospoces [ entro words (X word order

{negative fouri-4 ]

Match ot ieast Dmoras " wrong response |
O incremental metching T Try agein Jr
heck
(cnenge Response Type] (Concet] o " ek :.‘;‘"::;::: "

{ oxeEatdisploy ([ ok ] _after nententry |

i) Describe the running of the program when -4 is entered. Why does this occur?

ii) Describe the running of the program when 3, 7, -4 are entered. Why does this
occur?

ili) Why have we placed the negative four|-4 answer before the * answer? What
would happen if they were placed in the program in reverse order?
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d) To your flowchart an icon is added. You will need to change the response type as
the arrow on the option box shows.

T

s
&

2 &

O spoces

%ﬁm Response Options IINEEENEE
tgnore: [X capitslizetion

] punctustion
53 entre words X word order

[untitied

l

Motch atteast] |words
O incremental motching

1 _wrong response |

1 l’m .galn !

{Cnonge Responpe Type] {Cancel) Erose feodbock:

{oxeiditdisplay J{_ox )7 _ofternextentry |

+four554
—negative fourl-4
-

Change the response type to tries limit as shown below and set the tries limit

options for this icon
. OText

= Q Click/touch area

« O™ove object

® O Pulidown menu

8 O Keypress

o Q Pushbutton

= O Conditional
a O Yime Iimit

.

Tries Limit Options ININNNENENENEG

Manimum tries: |5 IT Wrong response ]

e @ Tries fimit

‘ Ira n!om l

(Cnonge Response Type) (cances) Erose feedbeck:

(o)

1T oK e tditdisplay ) ox ][ sfternextentry |}

L

Enter this feedback in the display icon for the tries limit. Your flowchart should now

look like this.
T oeentation Windev RN

The answer is 4
Type this now
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i) Describe the feedback given when the sequence 3, 5, 7 of wrong answers is

entered and trace the path that was followed (when 3, 5, 7 was entered) on this
flowchart.

What is 2+2? +fourldl+4

b ——R—D — .. -Untit‘l‘ed fourl-4
—negative four]-

B =

ii) Describe the feedback given when the sequence -4, -4, -4 of wrong answers is
entered and trace the path that was followed (when -4, -4, -4 was entered) on this
flowchart? Why was this feedback displayed?

What is 2427 +fourld4l+4
P ... Qe =P -Untitled

»
-r;ega'kive four|-4

r

e) This section is optional as it involves the use of sounds from the Authorware
folder.

Select (make black) the tries limit answer which is called Untitled. From the edit
pull-down menu and select group.

T Tewt ]

: C %C
What is 2+27? +fourldj+4 Paste e
=Untitled Clear

_‘_‘-— —negative fourl-4 k_.’.".f"f’. .zu.m.ig
S TTLR

Vogswup =u
Selectoll %A

Fifects... »E
Lines... -l
Fills... oA (]
™Mode's... AL
Lolor... =K
Bering to front
Send 10 hack
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Open the group icon and place a sound icon on the line and then select a sound
from those in the Authorware folder on the hard drive.

Erl=—— \untitled ==—=]
- Level 2
@ Untitled
&
i) Run the program and describe the feedback for the third wrong answer.

ii) Describe how a group icon can be used as feedback to a question icon.

Activity Seven

Create a new file called Your named. This activity requires that you create a text answer
question of your own choosing using Authorware Professional. This question will be like
that created in activity six. Try setting these options and experimenting with the settings to
see what they do. Save the text answer question to your file on the hard drive. You may
want to refer back to Activity Six if you have difficulty.
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Activity Eight

You have now created five programs which are in your folder on the hard drive. Four of
these icons which we will now use include: i) displays, erases and pauses Your namel,
ii) multiple choice questionYour name2, iii) drag object questionYour name3, iv) text
answer questionYour name4.

Waming: You can only paste 50 icons into the flowline. If these four lessons used many
icons you may not be able to complete this activity as listed here because your
file gets too big. The solution to this problem is to only copy a portion of each
of the four programs created so a toial number of icons is less than 50.

1) Open the first lesson you created. (i) Using the Edit pull-down menu select all. (ii)
Now choose group from this menu. Name this group icon lesson one. (iii) Copy
this group icon. (iv) Now close this first file.
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2) Create a new file and name it Your NameS. Click the mouse on the flowline and
paste. Then save the new file.

v
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3) You will repeat the above process for 4) Now you have five group icons on
the other four lessons you created. your flowline. You will now place a
When you finish all five your file will decision icon onto your flowline and
look like the following. place each of the group icons next to
ECIE Activity Five B the decision icon so they stretch out to
- Level ! the right of the decision icon. Set the
Lesson One options as shown. Save the complete
program and then run it.
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5) You have now created a complete program composed of small pieces.
Congratulations.

Learning to Use Authorware Professional 173 By Judy M. Bames©



