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The tact that indivicduals bind themselves with strong This chapter covers the following topics:
emotional ties to machines ought not to be surprising.
The instruments [we| use become . . . extensions of {our]
hodies.

® Definitions, issues, integration strategies, and tech-
nology integration ideas based on a directed instruc-
tional model for:
i Drill-and-practice functions
% Tutorial functions
® Definitions, issues, integration strategies, and tech-
nology integration ideas based on both directed and
constructivist models for:
+ Simulation functions
2 Instructional game functions
¢ Problem-solving functions
® Characteristics and uses of integrated learning svs-
tems {1LSs)
® Criteria and methods for evaluating and selecting
il software

Joseph Weizenbaum in
Computer Power and Human Reason (1976, p. 9)
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instr I materials, identify one or more types ot

instructional software functions that could meet the
need.

2. Plan lesson activities that integrate instructional
software using a directed learning strategy.

[ S P ) P by eata timote ot o
3. Plan lesson activities that mtcgla{c instructional
soffware using a constructivist learning strategy.
Introduction
What Is Instructional Software?

2.6) ilfustrates an example of what Weizenbaum
{1976) called using computers as “extensions of [our] bod-
ies.” Such uses have a long history in education. From the

time people began to recognize the potential power of a
computer to do tasks quickly and systematically, they also
began exploring and experimenting with its capability to
emulate and improve on the functions of a human teacher.
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If »mpulu p1 ograms couid written to do essentially
n

programmed to

teach? Many educators and dc\ elopers pursued this goal of
the computer as teacher during the 1960s and 1970s.
Some. like William Norris (1977) who developed Control
Data’s PLATO teaching systems, believed that computer-
based education was the only logical alteman\ e to educa-
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tion’s “outdated. labor-intensive w _)’S (p —11'5]) Norris
believed that education could become more productive if

computers were to take over much of the traditional role of
teachers.

Today. atter about 30 years of development and exper-
imentation. there is less talk of computers replacing teach-

ers. but programs like the one described in the Figure 2.6
cxample still exist that perform various teaching functions
While these programs are not alternatives to human teach-

ers. as envisioned by Norris, they can enhance teaching and
learning in many wavs. This chapter shows how programs
like the one in the Figure 2.6 lesson empowers teachers.
mther lhan rep'aceﬂ them.

languages {e.g.. Basi

g c.
Aaeemh‘mx C—+ . Ji v ned and de-

veloped to perform tasks are Cdlled am)lzcmzons software
or programs. Instructional software (or courseware) is ap-
plications software that is designed specifically to deliver
or assist with student instruction on a topic. Although soft-
ware such as w om processing and sp1e"1c1§'neet programs

Software tools serve a variety of purposes other than teach-
ing: instructional software package> are programs devel-
oped for the sole purpose of delivering instruction or
supporting learning activities.

Problems in ldentifying and Classifying Software
Functions

Computer-assisted instruction (CAI) originated in the early
davs of educational technology as a name for instructional
sott\\ are, and the term is sull in common use. HO\\ ever,

moic constructivist purposes in mind and do not actua
deliver instruction per se; therefore many people consider

the term CAI outdated and misleading. Teachers may hear
instructional software referred to as computer-based in-
striction (CBI), computer-based learning (CBL), or com-
puter-assisted learning along with more generic terms such
as software learning tools.

also vary. but they are usually identified as dnll and practice.
tutorial. simulation. instructional game, and problem solv-
ing. Although these terms originated because each type had
clearly different characteristics and uses. much of today’s
software defies easy classification for three reasons:

1. Developers use terms interchangeably. There seems
to be no consensus among developers for what terms

to use to describe various types of programs. Some de-
velog i‘ef"I to a drill program that gives extensive

opers b
feedgf ck as a tutorial. Others refer 1o simularions or
problem-solving functions as games.
2. Packages contain more than one activity. Many
software packages contain several different activities,
each of which serves a different purpose. For exam-
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ple. a program like Miilie’s Mailt House has a num
of straigh{ drill activities along with some problem-

a
nd game activities.
3. Soft‘ vare is becoming multimedia. Tergan (1998)
notes that since more software is incorporating hyper-
media and multimedia environments (including Inter-
net links), it makes 1( more le]Lult to analyze
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In light of these issues, educators who use software for
instruction will find it useful to analyze all of the activities

in a package and classify each one according to its instruc-
tional functions. For example, one may not be able to refer
to an entire package as a tutorial or a drill. but it is possible
and desirable to identify a particular activity according to

whether it provides skill practice or opportunities for solv-
mn blems. As this chapter will show. each software func-

12 prob
tion serves different purposes during learning and.
consequently, has its own appropriate integration strategies.
Insights on Software Classifications and Integration
Strategies

Gagné. Wager, and Rojas (1981) suggested a way to look at
courseware that can help educators analyze a given product
as to its instructional function(s) and design appropriate in-
tegration strategies that make use of these functions. Gagné



et al. observed that drills. tutorials, and simulations each ac-
complish a different combination of the Events of Instruc-
tion (see them in Chapter 3, InSight 3.3 on Gagné's
principles). The nine events are a set of guidelines identi-
fied by Gagné that can help teachers arrange optimal “con-
ditions for learning”™ for various types of knowledge and
skills. By determining which of the events a courseware
package fulfills. educators can determine the teaching role
it serves and where it might fit in the instructional process.
The five common courseware types accomplish the fol-
lowing functions:

® Drills (or drill and practice) allow learners to work
problems or answer questions and get feedback on cor-
rectness (accomplishes events 6 and 7).

Tutorials act like human tutors by providing all the in-
formation and instructional activities a learner needs to
master a topic: information summaries, explanation,
practice routines, feedback, and assessment. (Gagné et
al. say that a tutorial should accomplish all nine events.
However, depending on how it is implemented. it can
accomplish at least events 3 thlouOh ‘%)

vents 6 an

2. 4. and 3).

Instructional games are designed to increase motiva-
tion by adding game rules to learning activities: usu-
ally either drlls or simulaiions {usually accomplishes
events 1. 6. and 7).

Problem-solving programs teach directly, through
explanation and/or practice. the steps involved in
solving problems or help learners acquire problem-
solving skills by giving them opportunities to solve
problems (can accomplish events 3 through 7 and
event 9).

When a teacher evaluates a courseware package for
possible use, a recommended strategy is to analvze and
identity which Events of Instruction each activity accom-
plishes, classify it as to type(s). and then design one or
more integration strategies that make effective use of its
functions. For example. the software and inteoralion ex-
ample described in Figure 2.6 accomplishes events 5. 6.
and 7.

Programming Languages as Instructional Software

This chapter focuses on classroom uses of instructional
software, while Chapters 5 and 6 address productivity and
instructional uses of the resources known as software tools.
However, programiming languages may be considered a hy-
brid software, merging the capabilities of both instructional
software and tools. Programming languages were created
to develop computer programs that make computers do var-
ious tasks. For example. word processing programs are
written in programming languages as are drills, tutorials.
and other forms of instructional software. However. teach-
ers also use promammmcy languages as a tool to teach as

One of the most widely known of the programming
languages used for instruction is Logo. The work of Sey-
mour Papert (see Chapter 3) and his colleagues at the Mass-
achusetts Institute of Technology made Logo “widely used
throughout the world as an introductory programming lan-
cuage and mathematical learning environment for students
in elementary and secondary schools™ (p. 615). Papert
hoped that it would become “a context which is to learning
mathematics what living in France is to learning French™
(p. 6).

Although not as popular as it was in the 1980s. Logo
and its derivative materials such as Microworlds software

(B
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GRADE LEVEL: Middle to high school

Using Programming Languages
TITLE: Problem Solving & la vos Savant

CONTENT AREA/TOPIC: Logic and organizational skills

NETS FOR STUDENTS: Standards 1. 6

DESCRIPTION: For high school students, beginning programming is a good way to gain practice in or-
ganizational skills that are fundamental to problem solving. This activity is based on a problem from
“Sup-

Marilyn vos Savant’s Parade Magazine column “Ask Marilyn.” The column posed this question:
poOse you are on a game show and vou're 01\ en a choice of three doors. Behind one is a car;
others, goats. You pICk a door—say No. 1—and the host, who knows what’s behind the other doms
opens another door—say No. 3—which has a goat. He then says to you, ‘Do you want to pick door 27°
Is it to your advantage to switch your choice?” (p. 12). Marilyn vos Savant said the odds of winning the
car increase from 1-in-3 to 2-in-3 by switching doors. Ask students if they agree. Then show them how
to create a program to test their solution.

s

Source: Wagner, P.«19921. Gamer 1, 2, 3: The vas :sic) Savant challenge. The Computing Teacher, 1951, 12-14.
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throug“ programmmg aLd to PYplom concepts in content

(Galas, 1998, Gonsalves & Lopez, 1998, Wemstem, 1999).
Logo also led the way for other programming resources to
be used in the same 1nstruct10na1 ways. Ploger and Vedova

cessing and graphics capabilities to he
number sense concepts.

Drill and Practice: Definition and Characteristics

Drill and practice activities provide exercises in which stu-
dents work example items, usually one at a time, and re-
ceive feedback on their correctness. Programs vary
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considerably in t
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he kind of feedback they provide in re-
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y range from a simple display

like “OK™ or “No, try again” to elaborate animated displays
or verbal explanations. Some programs simply present the
next item if the student answers correctly.

Types of drill and practice are sometimes distin-

guished by the sophistication with which the program tai-
lors the practice session to student needs (Merrill &
Salishury, 1984). The most basic drill and practice func-

tion often is described as a flashcard activity. A student
sees a set number of questions or problems on the screen
and answers one at a time. Examples of instructional soft-
ware that reflect this type of function are shown in Figures
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ophisticated form of drill and practice moves

students on to d : nced questions after they get a number

Figure 4.1 Drill and Practice in the Word Concepts
small, medium, and large from Edmark’s Miiiie’s

Source: Used by permission of Edmark Corporation.

\ eviewin S _ elling words and definitions,
the computer pr nounces a wor d as its definition appears on
the screen. The student types in the word, and the computer

tells whether the spelling is correc
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You did 1t
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in number wrong. Som
v questions that students get wrong betore going on to
other levels. Movement between levels often is transparent
to students since the program may do it automatically with-
out any indication of wh . Sometimes, howe
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before proceeding to or it may allow them tc
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choose their next activities.

In addition to meeting general criteria for good in-
structional courseware (see listing and discussion of
courseware crlterla in Fi in this chapter).
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Control over the presentation rate. Unless the questions
are part of a timed review, students should have as much
time as they w1sh to answer and examine the feedback be-

ceptable to pesent late uestions ’1'[h0ut y further en-

tries from students.

,Q

Approprlat ‘eedback for correct answers. Although
i !

students’ answers are t1med or 1f their session time is hmlted
they may find it more motivating simply to move quickly to
later questions. Positive feedback should not be so elaborate
and time consuming that it detracts from the lesson’s pur—

e T - PP P DI YA RS MUY P ents tomAd
PoOseE. INO mati€r Now aitracuve uic aispiday, students tend to
tire of it after a while and it ceases to motivate them.
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Better reinforcement for correct answers. Some pro-
grams inadvertently motivate students to get wrong an-
swers. This happens when a program gives more exciting
or interesting feedback for wrong answers than for correct
ones. The most famous example of this design error oc-
curred in an early version of a popular microcomputer-

| PRPSRS | et Al 11 ) ARt Ay QLT TM YA PP IS R
DAaseq imaun anri \CIIC‘) de.\.«l,l UL C\,L LD WL é\) a Simiuin
face, but two or more wrong answers produced a full-

screen, animated crying face that students found very
amusing. Consequently, many students tried to answer in-
correctly to see it. The company corrected this flaw, but this
classic error still exists today in other programs.

Issues Related to Drill and Practice

t1e s were among the

activities hax efr equently b hown to all()w the effectw

rehearsal students need to transfer newly learned informa-
tion into long-term memory (Merrill & Salisbury, 1984;
Salisbury, 1990). However, drill and practice is also the
most maligned of the courseware activities, sometimes in-
formally referred to among its critics as “drill and kill.”
This derision results, in part, from perceived overuse.
Many authors have criticized teachers for presenting drills
for overly long periods or for teaching functions that drills
are ill suited to accomplish. For example, teachers may ex-
pose students to drill and practice courseware as a way of
introducing new concepts rather than just practicing and re-

cing familiar ones.

AAOICILE dalliiial

But probably the most common reason for the virulent
criticism of drill and practice courseware is its identifica-
tion as an easily targeted icon for what many people con-
sider an outmoded approach to teaching. Critics claim that
introducing isolated skills and directing students to practice

tham diractly pconteadiste the trand toward rectrmoemirad ciire
(SBLVERSIRWESY \z\/l,.lv}f' AWAFRRLE CIUBERALOD BRAG WLWAINE LU VY QI TR0 Lt Ul wAld Uiad

riculum in which students learn and use skills in an inte-
grated way within the context of their own projects that
specifically require the skills.

Although curriculum increasingly emphasizes prob-
lem solving and higher order skilis, teachers still give stu-
dents on-paper practice (e.g., worksheets or exercises) for
many skills to help them learn and remember correct pro-
cedures. Many teachers feel that such practice gives stu-
dents more rapid recall and use of basic skills as
prerequisites to advanced concepts. They like students to
have what Gagné (1982) and Bloom (1986) call auromatic-
ity or automatic recall of these lower order skills to help

ster and more easily. Kahn

and practice as a worthwhile soft-

thom macter hicher A
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(1998-1999) cites drill
ware subsmtute for paper worksheets. The usefulness of
drill programs in providing this kind of practice has been
well documented, but the programs seem especially popu-
lar among teachers of students with learning disabilities
(Hasselbring, 1988; Higgins & Boone, 1993; Okolo, 1992).
The following are examples of skills for which students

could use a drill program to gain necessary proficiency:

# Automatic recall of arithmetic facts is required for
most higher level mathematics ranging from long divi-
sion to algebra.

# Keyboard proficiency is a prerequisite for assignments
that require exten%ive typing

# Many school stlll require students to memorize facts
such as states and capitals and names of planets.

u College entrance exams and other standardized tests
require quick recall of many facts

Despite the increasing emphasis on problem solving
and higher order skills, it is likely that some form of drill
and practice courseware probably will be useful in many
classrooms for some time to come. Suc
n t

i Q.
s for these and other required skills. Rather than ig-

noring drill and practice software as outmoded, teachers
should seek to select and use these kinds of programs for
uses they can best accomplish.

Sucn as 3 rsewarc yluwuca
several ackno ,vledged benefits as &ompared to paper ex-

 Immediate feedback. When students practice skills
on paper, they frequently do not know until much later
whether or not they did their work correctly. To quote
a common saying, “Practice does not make perfect;
practice makes permanent.” As they complete work in-

correcdy, students may actually be memorizing the

PP AP

accurate, so they can make qulck corrections. Thm
helps both “debugging” (identifying errors in their
procedures) and retention (helps to place the skills in
long-term memory for ready access later).

u Motivation. Many students refuse to do the practice
they need on paper, cither because they failed so much
that the whole idea is abhorrent, or they have poor
handwriting skills, or simply dislike writing. In these
cases, computer-based practice may motivate students
to do the practice they need. Computers don’t get im-
patient or give disgusted looks when a student gives a
Wrong answer.

. .
Saving teacher time. Sin

present or grade drill and practice, %tudents can do this
activity essentially on their own while the teacher ad-
dresses other student needs.
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Classroom appiications of driil functions. On some oc-

nnnnnnnnnnnn T v mof penatiy A ts 1
\,au\)uo? ¢ven tne most ereative and mnovative tcacner may

take advantage of the benefits of drill and practice course-
ware to have students practice using isolated skills.
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work exercises. Whene\ser students have difficulty w1th
higher order tasks ranging from reading and writing to
mathematics, teachers may have to stop and identify spe-
cific prerequisite skills that these students lack and provide
the instruction and practice they need to go forward. In
these cases, learning may require a rehearsal activity to
make sure information is stored in long-term memory so
students can retrieve it eagily. Drills” motivation, immedi-
ate feedback, and self-pacing can make it more productive
for students to practice required skills on the computer
rather than on paper.

u In preparation for tests. Despite the new emphasis
on student portfolios and other authentic assessment meas-
ures, students can expect to take several kinds of objective
examinations in their education careers. When they need to
prepare to demonstrate mastery of specific skills in impor-
tant examinations (e.g., for end-of-year grades or for col-

lege entrance), drill and practice courseware can help them
focus on their deficiencies and cozrect them. An example

integration strategy for drill functions is shown in Technol-
ogy Integration Idea 4.2.

Guidelines for using drill and practice. Observe the fol-
lowing guidelines when designing integration strategies for
drill and practice functions:

Teachel S shoul

dmll and practme stratcgy WIH retam its effectlveness Also,
teachers should be sure students have been introduced pre-
viously to the concepts underlying the drills; drill course-
ware should serve mainly to debug and to help students
retain their grasp of familiar concepts.

u Assign individually. Because self-pacing and per-

sonalized feedback are among the most powerful benefits

tudents or small groups of students pract
otactivity and the traffic. ofﬁcer game Studen

actmtv

f drills, these activities usually work best for individual
computer use. However, some teachers with limited tech-
nology resources have found other, ingenious ways to cap-
italize on the motivational and immediate feedback
capabilities of drills. If all students in a class benefit from
practice in a skill using a drill program, the teacher may di-
vide them into small groups to compete with each other for
the best group scores. The class could even be divided into
two groups for a “relay race” competition over which group
can complete the assignment the fastest with the most cor-
rect answers.

u Use learning stations. If not all students need the
kind of practice that a drill prowdes the teacher may make

o one of caveral
COULSEWare onc of severax

Tane
dents with identified weaknesse kevy s
The key to using drill and practlce appropmately istom tch
its inherent capabilities with the identified learning needs

of individual students.

Tutorial Activities

Tutorials: Definition and Characteristics

Tutorial courseware uses the computer to deliver an entire
instructional sequence similar to a teacher’s classroom in-
struction on the topics. This instruction usually is expected
to be complete enough to stand alone; the student should be
able to learn the topic without any help or other materials
from outside the courseware. Unlike other courseware ac-
tivities, tutorials are true teaching courseware. Gagné et al.
(1981) stated that good tutorial courseware should address
all instructional events. (See the discussion of Gagné’s
Events of Instruction in Chapter 3.) Gagné et al. show how
a tutorial may vary its strategies to accomplish events for
different kinds of learning ranging from verbal information
to complex applications of rules and problem solving.

de ﬁfw ?mjrerg

is actwny by the

DAl vl

ord Book disk. At centers ot
g letter cases with the Mup-
te the traffic officer woik-

Source: Cobb, L., Dunn, A, and Henry, G, {1991). Name games. The Florida Technology in Fducation Quarterly, 3{2}, 63-66.




for two reasons. Fust dr111 courseware may prowde elabo—
rate feedback that reviewers may mistake for tutorial ex-
planations required by Gagné’s events 4 and 5. Even
courseware developers may claim that a package is a tuto-
rial when it is, in fact, a driil activity with detailed feed-
back. Second, a good tutorial should include one or more

practice sequences to address events 6 and 7, so reviewers

LT SCLUCLILLS QQUICSS CVCILS D alild

easily become confused about the primary purpose of the
package.

Tutorials often are categorized as linear and branching
tutorials (Alessi & Trollip, 2001). A simple, linear tutorial
gives the same instructional sequence of explanation, prac-
tice, and feedback to all learners regardless of differences
in their performance. A more sophisticated, branching tuto-

rial directs learners along alternate paths depending on how
they respond to questions and whether or not they show
mastery of certain parts of the material. Even branching tu-
torials can range in complexity by the amount of branching
they allow and how fuily they diagnose the kinds of in-
struction a student needs.

Some tutorials also have computer-man 1en
bilities; teachers may “tell” such a program at what level to
start for a student and get reports on each student’s progress
through the instruction. Although a tutorial program does
not need these components, data collection and manage-
ment features often make it more useful to teachers.

As the description of Events of Instruction implies, tu-
torials are most often geared toward learners who can read

fairly well, usually older students or adults. Since tutorial
instruction is expected to stand alone, it is difficult to ex-
plain or give appropriate guidance on-screen to a non-
reader. However, some tutorials aimed at younger learners

Study Skills

In this “finding definitions” study skill, the student sees a
sequence of screens with explanations on how to locate and
use dictionary definitions. After reading this description and
cnomg correct py:mnlpc the student is 0|\/pn nr;w‘nrp items,

DEFINITIONS

Bictionary definitions explain the meaning of words.
For example, the word “"decrepit" is defined below as
*braken down:

descrenit (di-kren”i) ad LJ
Broken down.

Semetimes the dictionary adds a phrase or sentence
{in italics) to show how the word might be used:

1
1 sbo mn athemad ' l

ne- v F aav"a\ or attract.
ow to magnetize an audience.

Source: SkillsBank Study Skills © 1996 SkitlsBank Corporation. Used by
permission.

Figure 4.4 Tutorial on States of Matter from
Intellectum Plus’s PhysicaElementa: States of Matter
The student sees a sequence of screens with explanations,
descriptions, and animated examples of solids, liquids, gases,

and how they can change states. After reading this description,
students can view animated demonstrations of these principles.

States of Matter Bl

States of Matter
Tee matte: arnnd usf moone of three states: |
Tutorial solid, tiquid, w7 ygas

IR Tife Exsmpte”. | Funny Story ) Atoms and Molecules
Ask Jessher 3TﬂYmFﬁmds1 Arimation

structy]
proper
oroper]

Cohe

2

molect
numbe
atorns v he mass per uoil of volume
cohesi
vate: 1
the v

hydiog Soss

e acts between unike atoms or olecuies =k

(ConyTed | [Copyripwe] [ctectumCentrer j [ Goee |} [ tew 1

Source: Used by permission of Intellecturn Plus.

have found clever ways to explain and demonstrate con-
cepts with graphics, succinct phrases or sentences, or audio
directions coupled with screen devices.

Some of the best tutorial courseware activities are in
packages that accompany newly purchased computers or
applications software, for example. Introduction to Mi-

crosoft Works., While tutorials are found more frequently

on mainframe or file server systems than on microcom-
puters, some good tutorials are available on stand-alone
systems. Examples of these tutorials are given in Figures
4.3 and 4.4.

Being a good teacher is a difficult assignment for any
human, let alone a computer. However, courseware must
accomplish thi
to meeting general criteria for good instructional course-
ware, well-designed tutorial programs should also meet

several additional standards:

his task to fulfill tutorial functions. In additi

® Extensive interactivity. The most frequent criti-
cism of tutorials is that they are “page-turners.” that is, they

ask students to do very little other than read. Good tutori-

als, like good teachers, should require students to give fre-
quent and thoughtful responses to guestions and problems
and they should supply appropriate practice and feedback
to guide students’ learning.

® Thorough user control. User control refers to sev-
eral aspects of the program. First, students should always

he ahlae tn Thi - -
be able to control the rate at which text appears on the

screen. The program should not go on to the next informa-
tion or activity screen until the user presses a key or gives
some other indication of having completed the necessary
reading. Next, the program should offer students the flexi-
bility to review explanations, examples. or sequences of
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instruction or move ahead to other instruction. The pro-

gram should also provide frequent opportunities for stu-
dents to exit as desired.

B Appropriate and comprehensive feaching se-

re 1 provide a sug-

NNNNNNN The program’s str

QUuenee, 1nC program s !
gested or required sequence of instruction that builds on
concepts and covers the content adequately. It shouid pro-
vide sufficient explanation and examples in both original
and remedial sequences. In sum, it should compare favor-
ably to an expert teacher’s presentation sequence for the
topic.

2 Adequate answer-judging and feedback capabil-
ities. Whenever possible, programs should allow students
to answer in natural language and should accept all correct
answers and possible variations of correct answers. They
should also give appropriate corrective feedback when
needed, wpplymg this feedback after only one or two tries

(')

rather than {rustrating students by making them keep trying
indefinitely fo answer something they may not know

Although some authors insist that graphics form part
of tutorial instruction (Back & Layne, 1988), others em-
hau;'\/ judzcious use of Granhms to avoid mtertcrmg with

(

those v»ho rccommcnd evaluatl(m and record keepmg on
student performance as part of any tutorial.

Issues Related to Tutorials

Tutorials attract the same criticism as drill and practice for
teacher-directed methods; that is, they deliver traditional
instruction in skills rather than letting students create learn-
ing experiences through generative learning and develop-
ment projects. Also, since good tutorials are difficult to
design and program, critics charge that tutorials represent
trivial or even counterproductive uses of the computer. A
number of tutorials fail to meet criteria for good programs
of this kind, thus contributing to this perception.

Tutorials are difficult to find, even for those who want
to use them. Software publishers describe fewer packages
as tutorials than any other kind of microcomputer course-
ware. Part of the reason for this comes h om the difficulty
and expense of designing and developi em. A well-de-
signed tutorial sequence emerges fmm extenxwe research
into how to teach the topic well, and its requirements for
programming and graphics can become fairly involved.
Designers must know what learning tasks the topic re-
quires, what sequence students should follow, how best to
explain and demonstrate essential concepts, common er-
rors that students are likely to display, and how to provide
instruction and feedback to correct those errors. Tutorials
can be large, so they often work slowly on microcomput-
ers. Larger tutorials must be delivered via integrated learn-
ing systems or other networked systems, making them

@XPCHSIVQ
These pro s become stll 8
teachers fre agree about what the\ should t()/lCh

for a give topu, ho to teach it most effectively, and in

what order to present learning tasks. A feacher may choose
not to purchase a tutorial with a sound instructional se-
quence because it does not cover the topic the way he or she
presents it. Not surprisingly, courseware companies tend to
avoid programs that are problematic both to develop and
market.

How to Use Tutorials in Teaching

Benefite of tutorial functions. It is unfortunate that mi-

crocomputer tutorials are so rare; a well-designed tutorial
on a nontrivial topic can be a valuable instructional tool.
Since a tutorial can include drill and practice routines, help-
ful features include the same ones as for drills immediate
feedback to learners and tifne savings) plus the additional
benefit of self-contained, self-paced substitutes for teacher
presentations.

Classroom applications of tutorial functions. Self-

instructional tutorials should in no way threaten teachers,

since few conceivable situations make a computer prefer-

able to an expert teacher. However, the tutorial’s unique ca-
Ny

pability of presenting an entire interactive instructional
sequence can assist in several classroom situations:

m Self-paced reviews of instruction. On many occa-
sions, students need repeated instruction on a topic after the
teacher’s initial presentation. Some students may be slower
to understand concepts and need additional time on them,
Others seem to learn better in a self-paced mode without
the pressure to move at the same pace as the rest of the
class. Still others may need review before a test. Teachers
can help these students by providing tutoria}s at learning
stations to review previously presented material while the
teacher works with other students.

® Alternative learning strategies. Tutorials also pro-
vide alternative means of presenting material {o support
various learning strategies. Some students, typically ad-
vanced ones, prefer to structure their own learning activi-
ties and proceed on their own. A good tutorial allows
students to glean much background material prior to meet-
ing with a teacher or others to do assessment and/or further
work assignments.

# Instruction when teachers are unavailable. Some
students have problems when they surge ahead of their
class rather than falling behind it. The teacher cannot leave
the rest of the class to provide the instruction that such an
advanced student peeds. Many qchools especially those in
rural areas, may not offer certain courses because they can-
not justify the expense of hiring a teacher for comparatively
few students who will need physics, German, trigonometry,
or other lower demand courses. Well-designed tutorial
courses, especially in combination with other methods such
as distance learning, can help meet these students” needs.

Guidelines for using tutorials. Like drill and practice
functions, tutorial functions are designed primarily to serve
individuals. Depending on which of the above strategies it
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promotes. a tutorial may form a classroom learning station
or may be available for checkout at any time in a li-
brarv/media center. Many successtul uses ol witorials have
been documented over the vears (Armett. 2000 CATin Mu-
sic. 1994: Cann & Seale. 1999: Graham. 1994, 1998: Krae-
mer. 1990: Murray et al.. 1988: Steinberg & Oberem.
2000). but microcomputer tutorials that [ulfill the functions
listed still are found but rarely in classroom use. Although
they have considerable value and are popular in military
and industrial training. schools and colleges have never
fully tapped their potential as teaching resources. The ex-
pense of developing them and difficulty of marketing them
may be to blume for this situation. However. recent trends
toward combining tutorial courseware with video media
and distance education may bring tutorial functions into
more common use (see Technology Integration Idea 4.3).

Simulation Activities

Simulations: Definition and Characteristics

Asimulation is a computerized model of a real or imagied
svstem designed to teach how a system works, Unlike tuto-
rial and drill and practice activities in which the structure is
built into the package. learners usually must create their
own sequence for using simulations. The person using the
courseware usually chooses tasks and the order m which to
do them. Alessi and Trollip (2001) identify two main types
of simulations: those that teach about something and those
that teach how to do something. They turther divide the
“aboul” simulations into physical and iterative tyvpes and
they divide the “how to” simulations into procedural and

sitwational tvpes.

Principles and

Physical simulations. Users manipulate objects or phe-
nomena represented on the screen. For example. students
see selections of chemicals with structions to combine
them to see the result or they may see how various clectri-
cal circuits operate. (Sec Figure 4.5.)

Iterative simulations. These speed up or slow down
processes that usually cither take so long or happen so
quickly that students could not ordinarily see the cvents un-
[old. For example, courseware may show the effects of
changes in demographic variables on population growth or
the cffects of environmental tactors on ecosystenis. Alessi
nd Trollip (2001) refer to this tvpe as “iterative” becutise
the student can run it over and over again with different val-
ues. observing the results each time. Biological simulations
like those on gencetics are popular. since they help students
cxperimcnl with natural laws Tike the laws of genetics by

characteristies and showing the

Procedural simulations. These activities teuch the appro-
priate sequences of steps 1o perform certain procedures.
Thev include diagnostic programs. in which students try to
1denlm lhc sources of mcuma] or llkkhdmkdl pmblcms
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Situational simulations. These programs give students
hypothetical probiem situations and ask them to react,
Some simulations allow for various successiul strategies
such as letting students play the stock murket or operate
businesses. Others have most desirable and leust desirable
options such us choices when encountering a potentially
volatile classroom situation. (Sce Figure 4.6

Bemfoespatsme o
li’htglauun O

TITLE: Interactive Algebra

~
(-

[
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CONTENT AREA/TOPIC: Mathematics/algebra

GRADE L AMiddle to hnYh school

NETS FOR STUDENTS: Standards 3, 4

DESCRIPTION: Students can use this software as a review atter the material has been introduced in class
to help ensure that they understand the concepts and are prepared for taking end-of-year exams, Teach-
rod ol of the aloehr tho av Moy .

~~11 e
ers Introd

uce each of the algebra concepts in the usual way. However, instead of assig
other practice to make sure students understand and remember concepts. the teucher assigns euch student
to go through the software tutorial sequence on the topic. Then the teacher holds a cooperative round-
table review. This review is especially important for more complex concepts such as “What do the slope
and x-v coordinates in a lineur cquation mean?” As students state one thing they remember about the
topic. the teacher or one of the students enters the contribution into 2 computer connected o a projection
system for all to see. Students continue adding information, asking questions. and giving comments
aboul the topic, untif the teacher feels that they have an adequate comprehension of the concepts.

svsiem Teacher Resource Guicie 195

Seocreer Buserl o heas rrom the American Foia
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Figure 4.5 Simulation on Electricity from Edmark’s Virtual Labs:

Electricity

This program provides images of batteries. switches, resistors, and elements
necessary to create and test electrical circuits. The student selects elements,
places them on a simulated board, and tests them. The program illustrates how

thev work when properly assembied.

g ’ S

Source: Used by permission of Edmark Corporation.

These types only clarity the various forms a simulation
might take. Teachers need not classify a given szmulcmon
inio one of ihese categories. They need to know o
simulations show students what happens in given situations
when they choose certain actions. Simulations usually em-

phasize learning about the system itself, rather than learning

general problem-solving strategies. For example. a program
“alled The Fuctory has Qtudents build products by selcctinﬂ
the program emphas1zes solving p10blems in correct se-
quence rather than manufacturing in factories. it should
probably be called a problem-solving activity rather than a

Figure 4.6 Simulation from MAXIS/Electronic Arts’ SimCity 2000™

This popular simulation lets users build their own cities, create a budget for them, populate them, and run them, including responding to

intermittent disasters.

Sourcer Images courtesy of Electronic Arts™
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simulation. Programs such as SimCity (MAXIS/Electronic
Arts), which let students design iheir own ciiles, provide more
accurate examples of building simulations (Adams, 1998).
Since simuliations promote such widely varied pur-
poses, it is difficult to provide specific criteria for selecting
high-quality ones. By one frequently cited criterion, fi-
delity, a more realistic and accurate representation of a sys-
tem makes a better simulation (Reigeluth & Schwartz

o

10Q0Y HUnawwever avue n thic 1 a oritorion midoing ol
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simulations (Alessi, 1988). Reigeluth and Schwartz de-
scribe some design concerns for simulations based on in-
structional theory. They list important simulation
components including a scenario, a model, and an instruc-
tionai overlay that lets learners interact with the program.
Since the screen often presents no set sequence of steps,

cimulations—more than most courseware—need onnd ac-

companying documentation. A set of clear d1rect10ns helps
the teacher learn how to use the program and show the stu-
dents how to use it rapidly and easily.

Tecrine Dalatod 0 Qluiilatnimc
ISSUES Reialed 10 >imulations

Most educators acknowledge the instructional usefulness
of simulations; however, some are concerned about the ac-
curacy of the programs’ models. For example, when stu-

dents see Qn’nnhhpd versions of these svstems in a

controlled situation, they may get inaccurate or imprecise
perspectives on the systems’ complexity. Students may feel
they know all about how to react to situations because they
have experienced simulated versions of them. Many edu-
cators feel especially sirongly ihai sitvaiional simulations
must be followed at some point by real experiences. Many
teachers of very young children feel that learners at early
stages of their cognitive development should experience
things first with their five senses rather than on computer
screens.

Some simulations are viewed as complicated ways to
tcach Very Dilll})lb Conccpts that could Juat as Casdy be
demonstrated on paper, with manipulatives, or with real ob-
jects. For example, students usually are delighted with the
simulation of the food chain called Odell Lake, a program
that lets students see what animals prey on what other ani-
mals in a hypothetical lake. However, some wonder
whether or not such a computer simulation is necessary or

even desirable to teach this concent. Hasselbrine and Goin

CIl CCS LO Lealll LIS CONCCPL, HassCi DY alld

(1993) point out that students can often master the activi-
ties of a simulation without actually developing effective
problem-solving skills; on the contrary, such applications
actually can encourage counterproductive behaviors. For
example, some simulations initially provide little informa-
tion with which to solve problems, and students are reduced
to “trial-and-error guessing rather than systematic analysis
of available information” (p. 156). Teachers must carefully
structure integration strategies so that students will not use
simulations in inappropriate ways.
Simulations are considered among the m

most courseware, their usefulness depends lar ely on the
program’s purpose and how well it fits in with the purpose
of the lesson and student needs. Teachers are spons1ble
for recognizing the unique instructional value of each sim-
ulation and using it to best advantage.

How to Use Simulations in Teaching

¢ have lan
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been recognized for their unique teaching capabilities. De-
pending on the topic, a simulation can provide one or more
of the following benefits (Alessi & Trollip, 2001):

3

® Compress time. This feature is important whenever
students study the growth or development of living things
(e.g., pairing animals to observe the characteristics of their
offspring) or other processes that take a long time (e.g., the
movement of a glacier). A simulation can make something
happen in seconds that normally takes days, months, or
longer. Consequently, feedback is faster than in real life and
students can cover more variations of the activity in a
shorter time.

m Slow down processes. Conversely, a simulation can
also model processes normally invisible to the human eye
because they happen so quickly. For example, physical ed-
ucation students can Qtudv the slowed-down movement of
muscles and limbs as a simulated athlete throws a ball or
swings a golf club.

®m Get students involved. Simulations can capture
students’ attention by placing them in charge of things and
asking that most motivating of questions: “What would you
do?” The results of their choices can be immediate and
graphic. It also allows users to interact with the program in-
stead of just seeing its output.

® Make experimentation safe. Whenever learning
involves physical danger, simulations are the strategy of
ChOlce This is true any time students are learning to drive
tan ' react to potentially
dangerous situations. They can expenment with strategies
in simulated environments that might result in personal in-
jury to themselves or others in real life.

® Make the impossible possible. This is the most
powerful feature of a simulation. Very often, teachers sim-
ply cannot give students access to the resources or the situ-
ations that simulations can. Simulations can show students
what it would be like to walk on the moon or to react to
emergencies in a nuclear power plant. They can see cells
mutating or hold countrywide elections. They can even de-
sign new societies or planets and see the results of their
choices.

® Save money and other resources. Many school
systems are finding dissections of animals on a computer
screen much less expensive than on real frogs or cats and
just as instructional. (It also is easier on the animals!) De-
pending on the subject, a simulated experiment may be just
as effective as a learning experience but at a fraction of the
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m Repeat with variations. Unlike real life, simula-
tions let students repeat events as many times as they wish
and with unhrmted v arlatlons They can pan any numbel of
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1tuat10ns controllable. R al l1fe s1tuat10ns
often are confusmg. especially to those seeing them for the
first time. When many things happen at once, students have
difficulty focusing on the operation of individual compo-
nents. Who could undersiand the operation of a stock mar-
ket by looking at the real thing without some introduction?
Simulations can isolate parts of activities and control the
background noise. This makes it easier for students to see
what is happening later when all the parts come together in
the actual activity.

=
w

Classroom applications of simulation functions. Real
systems are usually preferable to simulations, but a simula-
tion can suffice when a teacher considers the real situation
too time consuming, dangerous, expensive, or unrealistic
for a classroom presentation. Simulations should be con-
sidered in the following situations, keeping in mind that the
real activity is preferable:
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Inp or as nts to lab experiments.
When adequate lab materials are not available, teachers
should try to locate computer simulations of the required
experiments. Many teachers find that simulations offer ef-
fective supplements to real labs, either to prepare students
for making good use of the actual labs, or as follow-ups
with variations on the original experiments without using
up consumable materials. Some simulations actually allow
users to perform experiments that they could not otherwise
manage or that would be too dangerous for students (see
Technology Integration Idea 4.4).

m In place of or as supplements to role playing.

When students take on the roles of characters in situations,

computer simulations can spark students’ imaginations and
interests in the activities. However, many students either

refuse to role play in front of a class or get too enthusiastic
and disrupt the classroom. Computerized simulation can
take the personal embarrassment and logistical problems
out of the learning experience and make classroom role
playing more controllable.

2 In place of or as supplements to field
ing an activity in the real setting can be a valua
. especially for young children. Sometimes, however
desired locations are not within reach of the school and a
simulated experience of all or part of the process is the next
best thing. As with labs, simulations provide good intro-
ductions or follow-ups to field trips.

® Introducing a new topic. Courseware that allows
students to explore the elements of an environment in a
hands-on manner frequently provides students’ first in-
depth contact with a topic. This seems to accomplish sev-
eral purposes. First, it is a nonthreatening way to introduce
new terms and unfamiliar settings. Students know that they
are not being graded, so they feel less pressure than usual

to learn everythmv right away. A simulation can become

1a
luok at a topic. S.mhlm ons can
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01aph1c hands -on activities draw them into the topic and
whet their appetite to learn more. Finally, some software
helps students see how certain prerequisite skills relate to
the topic; this may motivate students more strongly to iearn
the skills than if the skills were introduced in isolation from
the problems to which they apply. An example of this is De-
cisions! Decisions! software by Tom Snyder on social stud-
ies topics such as the U.S. Constitution and elections.

® Fostering exploration and process learning.
Teachers often use content-free simulation/problem-
solving software as motivation for students to explore their
own cognitive processes. Since this kind of courseware

TITLE: Earthquake!

/4 GRADE LEVEL: Elementary

Directed Integration of Simulation Courseware
CONTENT AREA/TOPIC: Earth science concepts

NETS FOR STUDENTS: Standards 3, 5, 6

the movement of an earthquake. The teacher begins with a basic review of an earthquake and its causes
and discusses tectonic plates and the role they play in the earth’s crust. Students build a simulated build-
ing, start up the software, and set up the seismoscope according to directions in the instruction manual.
They simulate earthquakes by shaking the table as the software collects data. Students review data gath-
ered and discuss how they show that an earthquake has occurred.

a DESCRIPTION: Students learn to work cooperatively with a group to perform an experiment to explain
Y

Source: Smith, K. {1992;. Earthquake! The Florida Technology in Education Quarterly, 421, 66-70.
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requires students to learn no specific content, it is easier to
get Lhem to concentrate on problem-solving steps and

A ~era
owever, with content-free products, it is even

more 1mportant than usual that teachers draw comparisons
between skills from the courseware activities and those in
the content areas to which they want to transfer the experi-
ence. For example, The Incredible Laboratory (Sunburst)
presents an implicit emphasis on science process skills that
the teacher may want to point out. These kinds of activities
may be introduced at any time, but it seems more fruitful to
use them just prior to content area activities that will re-
quire the same processes.

u Encouraging cooperation and group work.
Sometimes a simulated demonstration can capture stu-
dents’ attention quickly and effectively and interest them in

1ok
working together on a product. For examplw, a simulation

on immigration or colonization might be the “grabber” a
teacher needs to launch a group project in a social studies
unit (see Technology Integration Idea 4.5).

Guidelines for using simulation functions. Simulations
offer more versatile implementation than tutorials or drills.
They usually work equally effectively with a whole class,
small groups, or individuals. A teacher may choose to in-

o a locenn tn ¢
troduce a lesson to

© 1g

to divide the class into small groups and let each
problems. Because they instigate discussion and coopera-
tive work so well, simulations usually are considered more
appropriate for pairs and small groups than for individuals.
However, individual use certainly is not precluded.

The market offers many simulations, but it ofien is dif-
ficult to locate one on a desired topic. The field of science
seems to include more simulations than any other area (An-

daloro, 1991; Mintz, 1993; Richards, 1992; Ronen, 1992;

£
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Simmons & Lunetta, 1993; Smith, 1992), but use of simu-
lations is also popular in social sciences topics (Adams,
1998; Allen, 1993; Clinton, 1991, Estes, 1994). However,
more simulations currently are in development and feature
videodisc and online supplements to combine the control,
safety, and interactive features of computer simulations
with the visual impact of pictures of real-life devices and
processes.

Instructional Games: Definition and Characteristics

Instructional games are courseware whose function is to in-
crease motivation by adding game rules to learning activi-
tics. Even though teachers often use them in the same way
as drill and practice or simulation courseware, games usu-
ally are listed as a separate courseware activity because their
instructional connotation to students is slightly different.
When students know they will play a game, the}e expect a
fun and entertaining activity because of the challenge of the
competition and the potential for winning (Randel, Morris,
Wetzel, & Whitehill, 1992). Naturally, classroom instroc-
tion should not consist entirely of these kinds of activities,

i ctional or motivational they arc. Teach-
ers intersperse games with other activities to hold attention
or to give rewards for accomplishing other activities.

As with simulations, the categories described here
merely illustrate the various forms an instructional game
may take. Teachers should not feel that they have to clas-
sify specific games into categories. But it is important to
recognize the common characteristics that set instructional
games apart from other types of courseware: game rules,

Constructivist Integration of Simulation Courseware

WS how they can pamapate in Jocal demsmn makl _and gives practme in working coopera-
Iy with 4 group to carry out asocial project; The software al]owi the development of a comprehensive
pla ot the township. Have a representative from the county planning and zoning office talk with the
;Smdcf:ms about factors of concern to community development. The teacher then introduces students to the
~SimCiry software, They form teams of four'to five snidents each and start their own community planning
_projects with SimCiry. Each group meets every week fo discuss and develop its plan, As a group, they de-
cide how to select-and place features such-as roads, Homes, and utilities. After recording their decisions
o e © 1 on papet; they enter them into the program and observe the tesults. They discuss feedback that the pro-
l o Co b oram gives them on areas such as taxes, crime rates, and public opinion. After their plans are complete,
1 ‘ each group presents its plan to the teacher and explains and'defends their choices.

Source: Jacobson, P. (1992), Save the cities! SimCity in grades 2-5. The Computing Teacher, 202}, 14-15.



elements of competition or challenge, and amusing or en-
tertaining formats. These elements generate a set of men-
tal and emotional expectations in students that make
game-based instructional activities different from

Since instructional games often amount to drills or
simulations overlaid with game rules (see Figure 4.7), the

same criteria, such as better remfmcement for correct an-
swers than for incorrect ones, should apply to most games.
When Malone (1980) examined the evidence on what
kes things fun to learn, he found that the most popular
188 ih.cludef‘l elements of adventarc and uncertain

Ievel of complexity matched to learn

ever, teachcls should examine mstructwnal games care-
fully for their value as both educational and motivational
tools. Teachers should also assess the amount of physical

dexterity that games require of students and make sure that

students will not be frustrated m%tcad of motivated by the
activities. Games that call for violence or combat need

careful screening, not only to avoid parent criticism, but
also because girls often perceive the attraction of these ac-
tivities differently than boys and because such games
sometimes depict {emales as targets of violence.

n

fssues Related to Instructional Games

A classroom without elements of games and fun would be
a dry, barren landscape for students to traverse, In their re-
view of the effectiveness of games for educational pur-
poses, Randel et al. (1992) for nd “[the fact] that games are
more interesting than traditional instruction is both a basic

for using them as well as a consistent finding” (p. 270).
They also observed that retention over time favors the use
of simulations/games. Yet many educators believe that
especially computer-based ones, are overused and

garies,
misused (McGinley, 1991). Other teachers be hcw games
convince students that they are escaping from learning, and

that they draw attention away from the intrinsic value and
motivation of learning. Critics also feel that winning the
game becomes a student’s primary focus and the instruc-
tional purpose is lost in the pursuit of this goal. Observers
disagree about whether getting lost in the game is a benefit
or a problem.

Some teachers believe that any time they can sneak
learning in under the guise of a game, it is altogether a good
thing {(McGinley, 1991). Other teachers believe that stu-

dents can become confused about which part of the activity
ey may then have

1-
L

T
Cr nongame situa-

is 1he game and which part is the skill; th
difficulty transferring their skill to lat
tions. For example, the teacher’s manunal for Sunburst’s
How the Wesr Was One + Three X Four reminds teachers
that some students can confuse the math operations rules
with the game rules and that teachers must help them rec-
ognize the need to focus on math rules and use them out-
side the game. Recent studies seem to indicate that
instructional games can be useful in fostering higher order
skills, but that their vsefulness hinges on how teachers

Figure 4.7 Instructional Game from Sunburst
Communications’ How the West Was One + Three X
Four

The program provides practice in math order of operations. The
stucdent tries to move a vehicle al ong steps on a trail by
answering math problems that combine numbers using math
order of operations.

s A
Dude's Move  GHREEL

Source: Used by permission of Sunburst Communications.

employ them (Henderson, Klemes, & Eshet, 2000; Rieber,
Smith, & Noah, 1998).

Although students obviously find many computer
games educationa ue some-
times is difficult to pinpoint. Teachers must try to balance
the motivation that instructional games bring to learning
against the classroom time they take away from nongame
Strategies For example students may become immersed in
the challenge of the Carmen Sandiego series, but more ef-

St

xeiting and stimulating, cducational va

t’Df:

ficient ways to teach geography may be just as motivating.
Successful uses of games have been reporte“ in many con-

tent areas (Flowers, 1993, Muckerhelde Mogill, & Mogill,
1999; Trotter, 1991).

How to Use Instructional Games in Teaching

Several kinds of instructional opportunities invite teachers
to take advantage of the motivational qualities of games:

# In place of worksheets and exercises. This role re-
sembles that of drill and practice (see Technology In-
tegration Idea 4.6).

u To foster CGOpCi‘?:ﬁGu and group work. Like simula-
tions, many instructional games serve as the basis for

or introductions to group work. A game’s interactive
and motivational qualities help interest students in the
topic and present opportunities for competition among
groups.

® Aga reward. P rhaps the most common use of games
is to reward good work. This is a valid role for instruc-
tional courseware, but teachers should avoid overuse
of it. Otherwise, the game can lose its motivational
value and become an “electronic babysitter.” Some
schools actually bar games from classrooms for fear
that they will overemphasize the need for students to

be entertained.
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Integration of Instructional Game Courseware:
Practicing Math Rules of Operation

CONTENT AREA/TOPIC: Mathematics—order of mathematics operations

GRADE LEVEL: Middle school

nEcrnen

DESCRIPTION: Before beginning instruction, use worksheets to ensure that ail students know basic math
operations and symbols (+, —. X, +); reteach if necessary. Demonstrate the game to the students and
let them play it as a group activity. Make sure the students know that the order of operations is a mathe-
matical rule that always applies and not a game rule applicable only to this program. Explain the
muaemonic “Please, Please Remember My Dear Aunt Sally” and the meaning of the order of operations.
Worksheets help students practice and remember these rules; the teacher checks and assists with their

- anig aniang a LITUMA) and v
work. When all students seem able to work the problems, demonstrate HTWWO and 1c

v the ilag
CW e TU@Es.

Students practice one game as a group. Make arrangements for students to practice their skills on the
P g group g 2
game in the classroom or computer lab for a large group activity. Students help each other play the game

against the computer. Give special recognition to students who win the most games in a period.

Source: Lu\peper G., Mvers, E., and Kob(yer M. D. (1991). Please, please remember my dear Aunt Sally! The Florida Technology in Education Quarterly, 3(2), 87~88.

Characteristics

Teachers may find the topic of problem solving both allur-
ing and perplexing. No goal in education seems more im-
portant today than making students good problem solvers,
yetno area is as ill defined and difficult to understand. Even
scientists have difficulty defining problem solving.

Funkhouser and Dennis (1992) quoted an earlier author as
saying that “Problem solving [means] the behaviors that re-
searchers who say they are studying problem solving,
study” (p. 338). Sherman (1987-1988) was somewhat
more specific, claiming that all probiem solving involves
three components: recognition of a goal (an opportunity for
solving a problem), a process (a sequence of physical ac-
tivities or operations), and mental activity (cognitive oper-
ations to pursue a solution). Sherman said that problem
solving is a relatively sophisticated mental ability that is
difficult to learn and that it is highly idiosyncratic. That is,
problem-solving ability depends on “knowledge, prior ex-
perience, and motivation, and many other attributes” (p. 8).
This definition of problem solving covers a wide vari-

ety of desired component behaviors. The literature men-
tions such varied subskills for problem solving as
metacognition, observing, recalling mforrnatlon. sequenc-
ing. analyzing, finding and organizing information, infer-
ring, predicting outcomes, making analogies, and
formulating ideas. Since even the definition of problem
solving inspires ongoing controversy in education, it is not
surprising that opinions differ dramatically about the
proper role of courseware and other technology products in
helping to foster this important capability. The positions

lean toward two general ways in which teachers can view
problem solving. Which of these views a teacher uses will
determine the strategy for teaching problem solving and the

application of related technology resources.

Two views on fostering problem solving. Some teachers
view problem solving as a high-level skill that can be taught
directly, at least in part, by specific instruction and practice in
its component strategies and subskills. Others suggest placing
students in problem-solving environments and, with some
coaching and guidance, letting them develop thetr own heuris-
tics for attacking and solving problems. Although the purposes
of the two views overlap somewhat, one is directed more to-
ward supplying prereqmsne skills for specitic kinds of prob-
lem solving. The other view aims morc toward motivating
students to attack problems and to recognize solving problems
as an integral part of everyday life. Blosser (1988) confirms
this dichotomy, saying that “Problem solving includes . . . an
attitude or predisposition toward inquiry as well as the actual
processes by which individuals . . . gain knowledge.” Students
need to combine these two elements: teachers must make on-

gnms ndmefmpntc to the amount of time thev spend on each

nt of time they spend on each

kind of approach in each of several content areas.

Two types of problem-solving courseware for directed

instruction. Two distinet types of courseware purport to

teach problem-solving skills. One is specific to teaching
content area skills, primarily in mathematics. (For exam-
ple, The Geometric Supposer by Sunburst encourages stu-
dents to learn strategies for solving geometry problems by
drawing and manipulating geometric figures.) The other
type of probiem-solving software focuses on general. con-
tent-free skills such as recalling facts, breaking a problem

into a sequence of steps, or predicting outcomes. For ex-
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ample, Sunburst’s Memory Castle is designed to help stu-
dents remember instructions and follow directions.

i ll\r decmned to focus on
one of these two approaches: however, some authors point
out that programs can help teach problem solving without
being specifically designed to do so (Gore, 1987-1988).
Courseware implements numerous approaches to teach
cach of these kinds of skills. Some use challenge strategies
(The King's Rule by Sunburst); others use puzzie games
(Sufari Search by Sunburst), adventurc games (Carmien
Sandiego by The Learning Company; My Make Believe
Castle by Logo Computer Systems), or simulation ap-
proaches (The Fuctory by Sunburst). Still others are what

Figure 4.8 Problem Solving of Sequence Skills from
Sunburst Communicatiens’ The Factory

By selecting a sequence of machines to create a given product,
students learn that problems must be analyzed and solved in a
cerfain order to achieve desired results.

4 factory-1

Source: Used by porr ol Sunhurst Communications.

Figure 4.9 Problem Solving of Confirmation Bias

feer coalsi o M nmanear cafiang/ a Kino/ ¢
from Sunburst Communications’ The Klﬁgs Rule

Students are given a number pattern {e.g., 5, 10, 15, 20 and
must determine the rule that results in the pattern by enlering
other number sequences that also follow the rule. This program
helps address the problem of “confirmation bias” that results
when students fail to gather sufficient evidence before giving an
answer.

King's Rule Level 1

and Learning 101

might be called problem-solving “environments.” These
more complex. multifaceted packages offer a variety of
tools to allow students to create solutions to problems pre-
sented by video scenario (Alien Rescire. University of
Texas). See Figures 4.8 through 4.11 for examples.

Issues Related to Problem-Solving Courseware

Names versus skills. As mentioned carlier. courseware
packages use many terms to describe problem solving and

Figure 4.10 Problem Solving with Geometry from
The Geometer’s Sketchpad

This program is a dynamic construction and exploration tool.
Students construct an object and explore its mathematical

ramartios v cvagoing the ohiect with the mpiee o i
properties by dragging the object with the mouse. They first

visualize and analyze a problem, and then make conjectures
betore attempting a proof.

i

Source: The Geometer's Sketehpad™, Key Curricalum Press, 1150 63th
Street, Emenyville, CA 94608, 1-800-995-MATH.

Figure 4.11 Problem-Solving Environment from

This program shows a video challenging students to find homes
for cach of several displaced aliens circling Earth in a
spaceship. The software offers a variely of tools to let students
research planets and moons in our galaxy.

Sular sysies
o Brolios

FLYBY PROBES

ORBITER PROBEY

LANDER PROBES

ROVER PROBES

Source: Used by permission of The Alien Rescue Team 2001 2002,
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their exact meanings are not always clear. Terms that ap-
pear in courseware catalogs as synonyms for problem solv-
ing include thinking skills, critical thinking, higher level
Lhinkino higher order cognitive outcomes, reasoning, use

ic. and decision makmg in ugﬂf of this diver: g
Idngudge, teachers can identify the skills that a courseware
package addresses by looking at its activities. For example,
a courseware package may claim to teach inference skills.

One would have 1o see how 1t delines meWm 2 h\' cxamin-

ing the tasks it presents, which may range from determin-
ing the next number in a sequence to using visual clues to
predict a pattern.

Courseware claims versus effectiveness. It would be dif-
ficult to find a courseware catalog that did not claim that its
products foster problem solving. However, few publishers
of courseware packages that purport to teach specific prob-
lem-solving skills have data to support their claims. When
students play a game that requires skills related to problem
solving, they do not necessarily learn these skills. They
may enjoy the game thoroughly and even be successtul at
it without fearning any of the intended skills. Teachers may
have to do their own field testing to confirm that course-
ware 18 achieving the results they want.

1eseamhel beheve that duect atlempts to teach ploblem—
solving strategies actually can be counterproductive for
some students. Mayces (1992) reports on studies that found
“teaching-sequenced planning to solve problems to high
ability learners could interfere with their own effective
processing” (p. 243). In a review of research on problem
cn]vmc in science, Blosser (1988) also found indications
that pr()blum-sol\mg instruction may not have the desired
results if the instructional strategy does not suit certain
kinds of students. I'or example. students with high math
anxicty and low visual preference or proportional reason-
ing abilities will profit from instruction in problem solving
only if it employs visual approaches.

The problem of transfer. Although some educators feel
that general problem-solving skills such as inference and
[J‘il.LL[ 8 ILL\)"]I]LI(JII W l“ 1Idll\lLl Lo content-arca \l\lll\ scant
evidence supports this view. In the 1970s and 1980s, for ex-
ample. many schools taught programming in mathematics
classes under the hypothesis that the planning and se-
quencing skills required for programming would transter to
prohlem-solving skills in math. Research results never sup-
ported this hypothesis. In general, research tends to show

that skill in one kind of plublcl B

arily to similar kinds ot problems that use the same solu-
tion strategies. Researchers have identified nothing like
“general thinking skills,” except in relation to intelligence
(1Q) variables.

How to Use Problem-Solving Courseware
in Teaching

i01iS, aia guide}mee O usul;: directed
stratemes with problem-solving courseware. Intcgra-
tion of courseware into direct teaching of problem-solving
skills places even more responsibility than usual on teach-
ers. Usually, teachers want to teach clearly defined skills.
To teach problem solving. they must decide which particu-
lar kind of problem-solving ability students need to acquire

and how best to foster it. For example. Stokes (1999 rec
ana now oest to 1oster 1 Dor eXampie, SIOKCs (YY) el

ommends that students use a teacher-designed reflection
sheet and keep a log of problem-solving strategies and out-
comes. With clearly identified skills and a definite teaching
strategy. problem-solving courseware has unique abilities
to help focus students’ attention on required activities. This
kind of cowrseware can get students to apply and practice
desired behaviors specific to a content area or more general
abilities in problem solving. These six steps can help teach-
ers to integrate courseware for these purposes:

1. Identify probicm-solving skills or general capabilities
to build or foster skills in:

a. solving one or more kinds of content-area problems
(building algebra equations):

b. using a scientific approach to problem solving
(identifying the problem, posing hypotheses, plan-
ning a systematic approach): and

c. components of problem solving such as following
a sequence of steps or recalling facts.

]

Decide on an activity or a series of activities that would
help teach the desired skills (see Technology Integra-
tion Idea 4.7).

3. Iixamine courseware to locate materials that closcly
match the desired abilitics, remembering to not judge
capabilities on the basis of vendor claims alone.

4, Determine where the courseware fits into the teaching
scquence (for example, to introduce the skill and gain
attention or as a practice activity after rati
problem solving or hoth).

5. Demonstrate the courseware and the steps to follow in
solving problems.

6. Rm]d in tra F

o
[
g1
P
=
s,
=
=
7
h=
i
=
=

Bencfits, applications, and guidclines for using con-
structivist strategies with problem-solving courseware.
Like many [L(.hn()]()"y TCSOUTCEs, SOMe \ollwar‘, with prob-

but are designed for 1mplementat10n using more construc-
tivist models. These models give students no direct training
in or introduction to solving problems: rather they place
students in highly motivational problem-solving environ-
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ule: The program tells them
the teacher must ask ques-
le. suppose the aunibers are
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Source: johnson, §. (1987). Do you think you might ©

ments and encourage them to work in

lems. Bearden and Martin (1998) descri
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"
using a problem-solving software combir

e Martin and

for students to share their results. (Also se
Bearden, 1998.)

Constructivists believe this kind of experience helps
students in three ways. First, they expect that students will
be more IIK(A}’ to aoquuc dll() placuw content- t-arca, 1e-
search, and study skills for problems they find interesting
and motivating. For example, to succeed in the Carmen
Sandiego software series, students must acquire both some
geography knowledge and some ability to use reference
materials that accompany the package. Also, they must
combine this learning with deductive skills to attack and
solve detective-type problems (Robinson & Schonborn,
1991).

Second, constructivists claim that this kind of activity
helps keep knowledge and skills from becoming inert be-
cause it gives‘ students opportunities to see how information

structivists mlght say, p;ogmmmed with the mformauon
(McCoy, 1990).
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steps help teachers integrate problem—solvm
according to constructivist models:
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structure in the
form of dlrectlons, goals, a work schedule, and organ-
ized times for sharing and discussing results.
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4. Stress thmkmg processes rather than COTTect ANSwWers.
5. Point out the relationship of courseware skills and ac-
tivities to other kinds of probiem solving.

b AR R S S [N R
1

6. Let students work togeiner in pai airs ot smal BTOups.
7. For assessments, use alternatives to traditional paper-
and-pencil tests.

Problem-solving and simulation activities work so
similarly in constructivist modelg that it usvally is difficult

to differentiate between them.
ther usually are the same.

Integration strategies for ei-

Integrated Learning Systems

Characteristics

Integrated learning systems (ILSs) are the most powerful—
and the most expensive-—of available courseware products,
primarily because they are more than just courseware and
because they require more than one computer to run them.
From the time they were introduced in the early 1970s un-
til recently, ILSs were computer networks: a combination
of instruction and management systems that ran on termi-

nale ar mic

nals or micr nters connected toa ]’n’gor {‘(\mpntpr

L1l COLLLIDATG

However, a new way of providing ILS-type capability is of-

fering the curriculum online via the Internet, rather than
through a local network.
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Regardless of the delivery system, an ILS is character-
ized by a “one-stop shopping” approach to providing
courseware, what Brush (1998) refers to as a “turnkey im-
plementation process for integrating computer-based edu-
cation into a curriculum” (p. 7). Each ILS offers a variety
of instructional techniques in one place, usually as a pack-
age complete with technical maintenance and teacher train-
ing. They present strengths like prepared curricula and ease
of use so that school personnel need not know a great deal
about technology to use them. Consequently, they usually
simplify integration decisions by defining schoolwide cur-

riculum rather than individual lessons.

In addition to providing a combination of drill and
practice, tutorial, simulation, problem-solving, and tool
courseware, an ILS is capable of maintaining detailed
records on mdlwdual %tudent d%%lgnments and performance

1
Bailcy ﬂmd Lumley (1991 p. 21) wﬂlnde t

characteristics of an ILS:

@ Instructional objectives specified, with each lesson

tied to those nhmt tives

SELO N RO R B § L0 At

B Lessons mtegrated into the standard curriculum

8 Courseware that spans several grade levels in compre-
hensive fashion

B Management systems that collect and record results of
student performarnce.

ILS courseware and management software are housed
on a central computer or server, which students may access
via a local network or the Internet. As each student signs
mputer connected to the server or Internet,

onto a Microco
the file server sends {or downloads) student assignments
and courseware to the station and proceeds to keep records
on what the students do during time spent on the system.
The teacher mdkes mmal assi 5nments for work on the sysw
tem, lllU!ll tor I ‘i i

and pm\“dm additional instruction or support where
needed.

The first ILSs on the market in the 1970s were prima-
rily drill and practice delivery systems designed to improve
student performance on the isolated skills measured by
standardized tests. These self-contained, mainframe-based
systems predated the microcomputer era, and they did not
run any software besides their own. Usually housed in labs,
they were designed for use in pull-out programs to supple-

ment teacher‘;’ classmom ﬂctivities, that is, students were

\
:
{
¢
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labs for remedldl or relm‘orcement Work. However, these
systems have evolved into multipurpose products that can
run software and courseware other than their own; they can
now provide a variety of instructional support from enrich-
ment to complete curriculum. As with other media such as
videodiscs, school districts view ILSs as alternatives to tra-
ditional classroom materials such as textbooks. Brush re-

ported that as of 1998, estimates were that between 1%
and 25% of all U.S. schools owned 11.8s

Tools: Principles and Strategies

The courseware component of an ILS. Instructional ac-
tivities available on an ILS range from simple drill and
practice to extensive tutorials. Many ILSs are moving to-
ward complete tutorial systems intended (o replace teach-
ers in delivering entire instructional sequences. An ILS
usually inclades instruction on the entire scope and se-
quence of skills in a given content arca; for example, it may
cover all discrete mathematics skills typically presented in
grades 1 through 6.
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records of student progress. A typmal ILS gives tedch
progress reports across groups of students as well as the fol-
lowing kinds of information on individual performance:

® Lessons and tests completed

Questions missed on each lesson by numbers and per-
centages

Numbers of correct a

nd incorrect tries

D

SOT ana test
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Issues Related to 118s

The costs of 1L.Ss. The primary criticism oi iL5Ss centers
on thbir pense compared to their impact on imprm,fing

exp
learning. Bentley (1991) warned that “The search for les
expensive alternatives to the ILS is only logical COn&»ldCl‘"
ing how difficult it would be to find options that are more
expensive” (p. 25). ILS proponents, on the other hand, feel
that the stadents who experience the most success with
1L.Ss are those whose needs are typically most difficult to
meet (Bender, 1991; Bracy, 1992; Shore & Johnson, 1992).
ILS proponents say there is value in any system that can
help potential dropouts stay in school or help remedy the
deficiencies of students with learning disabilities. They
point to studies and personal testimony from teachers over
the years that attest to the motivational qualities of allow-
ing students to work at their own pace and experience suc-

cess each time they work on the system.

Research on ILS impact. When Becker (1992) reported
his summary of some 30 studies of ILS effectiveness, he
found widely varied results with various implementation
methods and systems. Students generally tend to do some-
what better with TLSs than with other methods, and results
were sometimes substantially superior to non-ILS methods.
But Becker found no predictable pattern for successful and
unsuccessful 1LSs. He concluded that data were not suffi-
cient either to support or oppose the purchase of an ILS in
a given school or district.
A subsequent large-scale study of 1L5 usc in Indiana
norted i'w Estep, Mclnerney, and Vockell (1999-2000)

Lo O Sl $R02 84 LG L a7

found no dlffelenues on statewide achlevement test scores
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between schools who did and did not use an ILS. An ex-
tensive study of ILS use in New York City schools reported
varying results (Miller. 1997). However, Brush, Arm-
strong, and Barbrow (1999) found that two different re-
sources offered in the same ILS had different impacts on
achievement. Individualized software designed to provide
foundations instruction had less impact than software that
could be selected by teachers to supplement their own in-
struction. In summary. it seems to be as Van Dusen and
Worthen (1995) observed: The impact of ILS varies greatly
with implementation methods.

Concerns about the role of ILSs. In a follow-up to his lit-
erature review on ILS uses, Becker (1994) criticized uses of
ILSs that encourage “mindless adherence to the principle of
individualized instruction™ (p. 78). Brush (1998) agreed
with Becker. finding that **. . . lack of teacher involvement
(in ILS use) has led to improper coordination between class-
room-based and computer-based instructional activities . . .
and lack of teacher understanding regarding effective strate-
gies and procedures for using ILSs” (p. 7).

An early concern expressed by many educators
(White. 1992) that the cost of ILSs combined with the com-
prehensive nature of their curricula might cause schools to
view them as replacements for teachers has not yet proven
to be a real problem. However, the fear expressed by Mad-
dux and Willis (1993) remains: that ILSs can have the ef-
fect of shaping or driving a school’s curriculum rather than
responding to it.

Despite the amount of curriculum they cover and the
number of activities they include, the success of ILSs
hinges primarily on how they are viewed and implemented.
When used only as a teacher replacement to provide indi-
vidual student instruction. they seem less effective. When
viewed as a supplement to other teacher methods and care-
fully integrated into a total teaching program, they seem
more likely to have the desired impact on raising achieve-
ment.

One way to ensure appropriate and cost-effective uses
of ILS products may be through a careful, well-planned
purchasing process that involves both teachers and admin-
istrators. One such process was developed by the Califor-
nia Department of Education (Armstrong, 1999). This
five-stage process (planning. pre-evaluation, evaluation,
selection, and implementation/post-evaluation) is designed
to “establish selection procedures that ensure that . . . cur-
ricular goals remain at the heart of the selection process™
(p. 3). Guidelines to potential ILS purchasers based on
those offered by Smith and Sclafani (1989), Chrisman
(1992). and Vaille and Hall (1998) are summarized here:

® Clearly identify the problem the ILS is supposed to
solve and understand the instructional theory on which
the system 1s based.

m Determine whether the ILS is a closed system (one that
provides 80% or more of the instruction for a given

course) or an open system (one linked to the school’s
resources).

® Find out if the system’s scope and sequence are
matched to that of the school.

® Determine the target population for which the system
was designed and whether or not it closely matches the
characteristics of students with whom the ILS will be
used.

® Consider the adequacy of the reporting and manage-
ment system for the school’s needs.

® Consider how much of its resources the school must
spend on hardware and software.

® Project the educational benefits to the school from the
system and compare them with the costs.

® Request that vendors inform the school on ILS up-
dates.

B Carefully evaluate the grade-level courseware, man-
agement system, customization, and online tools and
be sure they match the school’s expectations.

B Set up reasonable terms of procurement and calculate
the personnel and fiscal impact of the ILS.

How to Use ILSs in Teaching

Since an ILS creates a combination of the materials al-
ready described previously in this chapter, its potential
benefits are similar. The highly interactive, self-pacing
features of an ILS can help to motivate students who need
highly structured environments; these activities free up the
teacher’s time for students who need personal assistance.
Also, teachers can personalize instructional activities for
each student by reviewing the extensive information on
student and class progress provided by the ILS manage-
ment system.

Successful uses of ILSs have been reported for two
different kinds of teaching approaches: directed and con-
structivist.

Directed applications for ILSs. In a directed teaching ap-
proach, an ILS system can be used for remediation and as
a mainstream delivery system.

® For remediation. Although ILSs are expensive al-
ternatives to other kinds of delivery systems, White (1992)
observes that “they will probably play an increasing role in
the large urban systems that have faced achievement test
scores that seem intractable to the usual classroom solu-
tions” (p. 36). However, schools still must determine how
ILS functions coordinate and complement those of the
classroom teacher. Most ILS uses serve target populations
that have typically presented the most difficult problems for
traditional classroom activities: Chapter I groups, ESOL
students, special education students, and at-risk students.
Schools have tried and usually failed to reach these stu-
dents with other methods.
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® As a mainstream delivery system. Rarher than us-
ing an ILS only as a backup system to address educational
problems, a school may let an ILS do the initial job of
teaching whole courses for all students in a grade level. In
light of the expense of ILSs, these uses are more rare. H0w~

e
99), predict that the costs of using tect uulogy in
this way will amount to substantially less over time than
teacher salaries. Using ILSs to increase student-to-teacher
ratios has stimulated ongoing debate and study.

In either of these uses, teachers still have important roles to
play. As Blickman (1992) puts it, “ILSs allow teachers a
comfortable transition from the role of deliverer of instruc-
tion to manager of instruction . . . [T]eachers are still ac-
tively engaged in the teaching process but as ‘guides’ or
facilitators as opposed to distributors of information”
(p. 46). American educators generally assume that ILSs
should not be seen as “teacher proof” but rather “teacher
enhancing.” Teachers must still assign initial levels of
work, follow up on student activities on the system, and
give additional personal instruction when needed.

Constructivist applications for ILSs. Just as an inte-
grated learning system combines several kinds
ware to create a skill-based, directed learning environment,
a network can also combine several kinds of technology re-
sources to support the goals of constructivist learning ap-
proaches. When networks provide technology resources of
constructivist design and use, the resulting products are
sometimes labeled with terms other than ILS to differenti-
ate them from what some educators consider more tradi-
tional uses of technology. For example, they may be called
integrated technology systems (ITSs), integrated learning
environments, multimedia learning systems, or open learn-
ing systems (Armstrong, 1999; Hill, 1993, p. 29).

ILS products useful for constructivist purposes pro-
vide varieties of unstructured tools on the same networked

system as dir

system as directed ones. Typically, there will be some kind
of information bank (electronic encyclopedias), symbol

pads (word processing and/or desktop publishing soft-
ware), construction kits (Logo or other graphic languages
or tools), and phenomenaria (computer simulations and/or
problem-solving resources). They also usually have data-
collection systems to track student usage of the system
{Mageau, 1990). Thus, this kind of networked product can
provide what Perkins (1991) called a “rich environment.”

Evaluating and Selecting Instructional
Software

In the 1980s, microcomputer courseware began to flood

the educational market from such diverse sources as state
projects, major publishing houses, and even cottage indus-
tries. This torrent made educators increasingly aware that
simply putting instructional routines on the computer did

not ensure that thpy
power as an instructi
ucts were so bad tha
tion at all.

It was during this era that courseware quality became
a major issue in education and courseware evaluation
evolved into a popular and highly publicized practice.
Many professional magazines created sections to report the
results of product evaluations; indeed, whole magazines
like Courseware Review were developed to publish such
evaluations. The Northwest Regional Lab’s Microsoft Pro-
ject and the Educational Products Information Exchange
(EPIE) were just two of the many organizations that sprang
up for the sole purpose of reviewing and recommending
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good instructional courseware.

Asthe field of educational technolegy matured and ed-
ucators refined their attitudes toward computer use, the
mystique of courseware faded and assumed more of the
mundane aspects of purchasing any good instructional ma-
terial. During the 1980s, teachers primarily evaluated and
selected their own courseware. Now, state- and school dis-
trict-level personnel increasingly control these purchases.
Thus, the evaluation procedures and criteria have changed
considerably from the early days of microcomputers. Re-
gardless of who chooses the products, teachers should rec-
ognize that just because courseware addresses certain
topics or skills, it does not mean that it will meet their
needs.

Courseware quality is less troublesome now than it was in
the early days of microcomputers when technical sound-

ness freg J_Pnﬂv cansed nrnhle}ms
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programming did not anticipate all possible answers a stu-
dent might give and did not account for all possible paths
through a sequence of instruction. Consequently, programs
frequently would “break™ or stop when these unusual situ-
ations occurred. Early courseware also strongly empha-
sized entertainment value, giving less attention to
educational value.

Courseware producers have obviously learned much
from their early errors and problems, and overall quality
has improved considerably. But educators still have good
reasons for spending some time reviewing and/or evaluat-
ing courseware before selecting it for classroom use. Com-
puterized instruction is not necessarily effective
instruction, and eye-catching screen displays should not be
the primary crite S al

Teachers should review courseware even after pre-
screening by committees or experts. Very often, state- or
district-level committees are responsible only for selecting
courseware that does not have gross problems and reaches
the desired general level in a general content or topic area.
Each teacher must then determine which specific curricu-
Ium needs and specific grade levels the package addresses
and whether or not courseware functions fit with planned
teaching strategies. It cannot be emphasized enough that
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courseware must match clearly identified instructional
needs. It should 701 be used simply because it is available
at a disconnt or supplied free by the state or district.

Courseware Evaluation Procedures:
A Recommended Sequence

Evaluation procedures and criteria vary dramatically de-
pending on whether a teacher is selecting courseware for a
single classroom or is part of a district-level committee
screening materials for use by many schools. One major
difference is that committees generally must justify deci-
sions to purchase one package over another by using
weighted criteria checklists and assigning total point scores
to individual packages. Small groups or individual teachers
use much less formal procedures and criteria.

Thic carti
L LIS dTLL

on is designed primarily for individual teach-
ers or small organizations like individual schools that (1) do
not have large organizations purchasing courseware for
them. (2) wish to supplement resources purchased for them
by others, or (3) want to review preselected courseware to
determine its usefulness for their immediate needs. These
procedures are intended to help teachers anticipate and deal
with problems related to courseware quality and to assist
them in matching courseware to their classroom needs.
The following sequence is recommended when selecting

courseware for classroom use:

1. Begin with an identified need. Know what topics
and skills you want to address and how you think you will
use technology. This will require some knowledge of what
kinds of instructional support technology has to otfer.

2. Locate titles. As mentioned ealher in this section.

cha%m0 deuslons on deccnptl\e reviews. Recommenda—
tions from colleagues and professional magazines and
journals should serve primarily as leads. Some good
sources for leads are:
® The Association for Supervision and Curriculum
Development's (ASCD) summary of “Only the

2o ~EE L
vV oOL 20 all-

Best” software produced from their revie
nual software evaluations from organizations in the
United States and Canada (ASCD. 1999)

ISTE's 2001 Educational Software Preview Guide
(Johnson. 2001) with hundreds of reviewed and rec-

ommended titles

s The California Instructional Technol ogy Clear-
nghouse. a searchable database with hundreds of
software reviews, is available at http //clearing-

house.ki2.ca.us
m The Educational Software Selector (TESS), a search-
able database produced by the Consumers Union and
containing more than 19.000 software product de-
scriptions, is available at http://www.epie.com.
Once teachers discover a package they
they should use one or both of the next two general proce-
dures to determine its usefulness.
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3. Complete hands-on reviews. There is no substi-
tute for running the courseware. Teachers should avoid
reviewing demo packages (abbreviated versions of ac-
tual courseware). which can be misleading substitutes
for the real thing. A typical hands-on review consists of
two or three passes through a program: once to assess the

package’s capabilities and what it covers, and again to

B B L S D ey mrace oo an P S I Ty

maxe IELOIICLL TCSPULISLS auu PLreoss I\C)b tnat aren t bLlp'
posed to be pressed in order to determine the program’s
ability to handle typical student use. Depending on its
capabilities, the teacher may choose to go through the
program one more time to review the usefulness and/or
quality of particular demonstrations or presentations.
Evaluation checklists such as the one given later in this

chanter (cee Fionra 4 12) are nciially helnful 1o r\‘llif“ﬂ
LiapiCl 15600 izl TF.14) all usudiry nalipiu: U g2y

teachers in a hands-on review. Tergan (1998) says that,
given the number of packages teachers have to choose
from and the time it takes to review each one. checklists
can be a useful tool if the evaluator knows what to look
for. He advocates that teachers either develop their own
checklist or adopt one that seems thorough and well de-
signed. Though many checklists are based on rating
software and assigning points to various aspects. teach-
ers usually are much less concerned with a total score
than with making sure they have looked at all relevant
characteristics.

4. Collect student reviews. Experienced teac
usually can tell from their own hands-on reviews when
instructional materials are appropriate for their students.
Even so. they are sometimes surprised at student reac-
tions to courseware. Students sometimes encounter un-
expected problems, or they may not seem to get out of the
activity what the teacher expected they would. If at all

sible. it 1s beneficial to field test courseware by ob-
possioie, 1t 15 beneticial to ficid est courseware vy oo

serving students using it, getting their reactions, and. if
possible, collecting data on their achievement. Gill.
Dick. Reiser, and Zahner (1992) describe a detailed
method for evaluating software that involves collecting
data on student use.

Courseware Evaluation Procedures:
Recommended Criteria

The set of recommended evaluation criteria in Figure
4.12 represents a synthesis from many sources (Comer
& Geissler. 1998: Hoffman & Lyons. 1997: Roblyer,
1983). Teachers may find it helpful to use the essential
criteria checklist shown in Figure 4.13 for the first pass,
then use the more comprehensive list for a second pass.
In addition to these essential criteria, teachers also may
want to review the optional criteria described in Figure
4.14. These criteria may make the difference when

sential criteria.
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Figure 4.12 Explanation of Essential Criteria for Evaluating Instructional Courseware

A

lv‘lai‘l'y' sets of courseware criteria are avaiiaoie, out un’c“y’ et gon t
evaluator and the courseware functions being reviewed. Courseware criteria may be divided into two types: those that confirm
essential characteristics are present and criteria that review optional or situational characteristics and are sometimes applicable
and sometimes not, depending on the user’s needs. The following is a comprehenswe list of essential criteria based on Roblyer
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(1983), Hoffman and Lyons (1997), Lockard and Abrams (2001), and Vaille and Hall (1998). {(See the essential criteria checklist
sucC

In addition to the following es acteristics, this checklist contains a recommended format for such

checklists, as well as essential criteria specific to several types of course functions.)

1. Essential Instructional Design and Pedagogy Characteristics: Does It Teach?

Appropriate teaching strategy, based on best known methods. This covers a wide range of needs related to teaching
methodology, e.g., providing enough examples for concept development, presenting ideas in a logical order, and
including various components required for learning. For example, most educators would consider a mathematics
package to be pedagogically flawed if it is intended for very young children and has no graphics. Learners at early
stages of development are known to need concrete examples rather than text only.

Presentation on screen contains nothing that misleads or confuses students. One particularly blatant error of this type
was in a courseware package intended to teach young children about how the human body works. It depicted the
human heart as a square box. Another, a math program, displayed a number of objects based on what the student
answered, but never bothered to change the number of objects if it was a wrong answer. Thus, the student could be

seeing the corrected numeral but the wrong number of objects.
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Comments to students not abusive or insulti ing. Prograims must be sen e
intended humorously. One program based on a well-known cartoon cat with an acerbic oersonalltv belittled the
student’s name, saying “What kind of name is that for a worthy opponent?” It also commented on the student’s “lack of
mental ability” when a wrong answer was supplied. Although this was in keeping with the cat’s persona, it was still
inappropriate.

nsitive to sti il amtie £
nsitive to student’s feeli

Readability atan appropriate level for students who will use it. Ait'houg'n this may apply to any use of language in any
program, it is particularly applicable to tutorials, which may require many explanations. For example, one tutorial for
math skills at about the second-grade level had a great many explanations to read at about a fourth-grade level. This

would probably not be an appropriate expectation for students who were having trouble with this level of math.

Graphics fulfill important purpose and are not distracting to learners. Pictures and animation are considered
motivational to students, but this is not always true. For example, animated feedback may be charming the first 10 times
the students see it, but may achieve just the opposite effect after that. Aiso, some courseware attracts students’ ailention
by flashing text or objects on the screen. This can be distracting when one is trying to focus on other screen text. Early
courseware used a device called “scrolling” which had text moving up the screen as the student tried to read it, but this
was quickly identified as a distracting mechanism and is rarely seen now.

I1. Essential Content Characteristics: Is Content Accurate, Current, and Appropriate?

No grammar, spelling, or punctuation errors on the screen. Even though a program may be on a nonlanguage topic, it
should reflect correct spelling, grammar, and word uses, since students learn more than just the intended skills from
instructional materlals One early courseware release on punctuation skills misspelled the word “punctuation” three

surprised to find accuracy errors with courseware material; they

e computer would correct the text itself if it becomes out of date!
Content inaccuracies have been observed in a number of packages. For example, one program referred to blood as a
“red substance,” which, of course, is not always true. Instructional materials in social studies should be carefully
screened for inaccurate refiections of country names, which are changing rapidly. Examples sh
other content that dates material and makes it less than useful to current students.

omner C QaAes SCILU

No racial or gender stereotypes; not geared toward only one sex or to certain races. Look for diversity in the names
and examples used. Are they all for “Dick and Jane” and are they always in the suburbs? Also review examples for
gender stereotypes. Are all doctors men? Are all homemakers women? One famous simulation package required that
students sign on only as males!

Social characteristics. Does courseware exhibit a sensitive treatment of moral and/or social issues? For example, do
games and simulations avoid unnecessary violence?

Match to instructional needs. Does courseware match district or state curriculum objectives teachers are required to
teach?
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Figure 4.12 (continued)
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should work as indicated. Sometimes, a graphic
classroom.

Hi. Essential User Interface Characteristics: is it “User Friendly” and Easy to Navigate?

¢ User has appropriate control of movement within the program. Depending on the purpose of the program, students
ally should be able to go from screen to screen and read each screen at their own desired rate. They should also

o User can turn off sound, if desired. Since courseware may be used in classrooms, the teacher should have the ability to
make the courseware quiet so it will not disturb others.

¢ Interface is intuitive. Screens and usage are consistent, allowing students to be able to use the software without

IV, Essential Technical Soundness Characteristics: Does It Work Correctly?
¢ Program loads consistently, without error. A common problem in early courseware, problems of this kind now are seen

® Program does not break, no matter what the student enters. Again, this was a more common problem in early
courseware. Programs should be designed to expect any possible answer, not just the correct or most cbvious ones.
When unexpected answers are ewteled, they should give an appropriate response to get the student back on track.

» Program works on desired platform. If one needs a Macintosh OS-based program, a program written exclusively for
Windows is of little use (and vice versa). Also, the program should work on the version of the operating system one

* Program does what the screen says it should do. If the screen indicates the student should be able to exit or go to
anather part of the program, this capability should be allowed as stated.

iany new cours

web sites for additional demonstrations or interactions with others. |
links are to nonworking sites, the user should have the option to eliminate or correct them.

eware packages is the capability of linking students to Internet
f links are given, they should work as designated. if

» Videos and animations work correctly. If a screen is to display a moving graphic object (e.g., video or animation), it
requires so much memory it works too slowly to be practical for the

3

Selecting Software for Constructivist Versus
Directed Uses

Although descriptions of instructional software in the lit-
grature are changing, many references to courseware
evaluation criteria and evaluation methods focus on
products to be used with directed instruction. While
many criteria are appropriate for software designed for
both kinds of uses, additional details often are lacking on

NS §

what to ook for in software that will be used with con-

structivist methods. Constructivist activities tend to em-
phasize multimedia and distance learning products rather

thon Al trrtmyrial C;
than drill or tutorial software. For example, Litchfield

(1992) lists criteria for “inquiry-based science software
and interactive multimedia programs.” Checklists by
Hoffman and Lyons (1995) and Vaille and Hall (1998)
are among those that include criteria for more open-
ended products. Further criteria and methods for evaluat-
ing multimedia and online multimedia products will be

Yicorraend 10 The
discusseda in \_,uu.pL@i’b 7 and &,
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Figure 4.13 Essential Criteria Checklist for Evaluating Instructional Courseware

The following is an example checklist based on essential gualities that can be used to discriminate between acceptable and un-
acceptable courseware material. If courseware does not meet these criteria, it probably should not be considered for purchase.
For each item, indicate Y for yes if it meets the criterion, or N for no if it does not,

Title Publisher
Content Area Hardware Required:
Courseware functions:

Drill and practice Instructional game

Tutorial Problem solving

Simulation Other:

1. Instructional Design and Pedagogical Soundness
Teaching strategy is matched to student needs/levels and is based on accepted methods
Presentation on screen contains nothing that misleads or confuses students
Readability and difficulty are at an appropriate level for students who will use it
Comments to students are not abusive or insulting
Graphics fulfill important purpose (motivation, information) and are not distracting to learners

Criteria specific to drill-and-practice functions:

High degree of control over presentation rate iunless the method is timed review)
Appropriate feedback for correct answers (none, if timed; not elaborate or time consuming)
Feedback is more reinforcing for correct than for incorrect responses

Criteria specific to tutorial functions:

High degree of interactivity (not just reading information)

High degree of user control (forward and backward movement, branching upon request)
Comprehensive teaching sequence so instruction is self-contained and stand-alone
Adequate answer-judging capabilities for student-constructed answers to questions
Criteria specific to simulation functions:

Appropriate degree of fidelity (accurate depiction of system being modeled)

Good documentation available on how program works

Criteria specific to instructional game functions:

Low guotient of violence or combat-type activities

Amount of physical dexterity required appropriate to students who will use it

1. Content
No grammar, spelling, or punctuation errors on the screen
All content accurate and up to date
No racial or gender stereotypes; not geared toward only one sex or to certain races
Exhibits a sensitive treatment of moral and/or social issues (e.g., perspectives on war or capital punishment)
Content matches required curriculum objectives

Il User Flexibility

User normally has some control of movement within the program (e.g., can go from screen to screen at desired
rate; can read text at desired rate; can exit program when desired)

Can turn off sound, if desired

Interface is easy to use (e.g., similar format from screen to screen for forward and back movement in program)

IV. Technical Soundness

Program loads consistently, without error

Program does not break, no matter what the student enters
Program does what the screen says it should do

Program works on desired platform

If included, online links work as indicated

If included, animations and videos work as indicated

Decision:
Is recommended for purchase and use
Is not recommended




uating Instructional Courseware

and the intended audience. These are detailed in Roblyer (1983’ Hoffman and Lyons (1997), LOCKaI’O and Abrams (2001) and

SRR | ey ~
Vaille and Hall (1998). Many of these criteria, which are listed below, are subjective in nature or dependent on teacher needs;

it is up to the teacher to decide whether or not the courseware meets them and/or whether or not they are important enough t
affect selection decisions.

Optional Instructional Design Criteria

* Stated objectives. Does the courseware state its objectives and are stated objectives likely to be attained through
courseware activities?

* Prerequisite skills. Are skills specified that students will need in order to use the courseware activities and are students
likely to be able to acquire the skilis?

* Interest quotient. Are examples and strategies likely to interest students at the targeted level?

* Presentation logic. Do instructionai units follow a logical sequence based on skill hierarchies?

* Tests. Do tests match stated skills and are they good measures of the skills?

« Significance. Are stated skills “educationally significant” (e.g., in the curriculum)?

* Use of medium. Does courseware make good use of computer capabilities?

* Field testing. is there evidence the courseware has been used with students and revised based on this feedback before its
release?

Optional Interface/Navigation Criteria

« Student ease of use. Is the program easy to use for the intended students? Does it require physical dexterity to answer items
the students may not have even though they know the correct answers? Is a lot of typing requ:red

* Required keys. Are the keys required to input answers easy to remember (e.g., pressing back arrow for going back)?
« Input devices. Are alternate input devices allowed to make courseware more usable for special populations?

* Directions. Are there on-screen directions on how to use it?

* Shortcuts. Lengthy introductory screens may be bypassed, if desired.

* Support materials. Are there print support materials to support on-screen activities?

» Optional assistance. Is a “HELP” feature available if the student runs into difficulty?

* Optional directions. Can students skip directions, if they desire, and go straight to the activities?

* Creativity. Do materials foster creativity rather than just rote learning?

¢+ Summary feedback. Are students given an on-screen summary of performance when they finish working?

Optional Teacher Use Criteria
¢ Teacher ease of use. Can teachers figure out, with minimum effort, how to work the program?
* Management. Does courseware contain adequate record-keeping and management capabilities?

¢ Teacher manuals. Are clear, nontechnical teacher manuals available with the courseware? Are manuals well produced and
do they include a good table of contents and index?

+ Ease of integration. Are courseware materials designed to integrate easily into other activities the teacher is doing?
+ Teacher assistance. Does courseware improve the teacher’s ability to teach the subject?

* Adaptability. Can teachers modify and adapt the courseware for their needs by changing content {e.g., speiling words) or
format (e.g., animated versus written feedback)

Optional Presentation Criteria

« Graphics features. Are graphics, animation, and color used for instructional purposes rather than flashiness?
 Colors. Are colors required or is software still useful on noncolor monitors?

= Screen layout. Are screens so “busy” or cluttered that they interfere with reading?

¢ Audio and speech capabilities, Is audio and speech of adequate quality so students can understand it easily?

+ Videg and animation. Do moving graphlcs d|5p|a\/ clearly/ qulcklyr and without |9rkmess? Are thev In a h!Qh enough

* Required peripherals. Does the program require peripherals the schools are likely to have (e.g., light pens, speech
svnthesizers)?

¢ Screen printing. Can key screens from the courseware (e.g., summary performances) be printed?
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Figure 4.14 (continued)

= Response ju dging. Does the response judging allow for ALL possible correct answers and disallow ALL possible incorrect
ones’?

* Timing. Does the program present itself quickly so displavs and responses are accomplished without noticeable defavs?
* Portability. Can teachers transfer the courseware from onc machine to another
¢ Compatibility. Does courseware run on more than one platiorm?

I

¢ Components. Are all required drivers and plug-ins identified and cither provide lownloadable ontine?

 Technical manuals. Do teacher or user manuals contain technical documentation on program operation and any technical
features or options? Does the manual tell how to install and uninstall the program?

Optional Publisher Support

° Cost effectiveness. Is the price of the package appropriate in light of what it accomplishes?

* Available versions. Is the program available in desired versions ie.g., network or site license)? Does the company provide
for free or discounted upgrades later?

* Preview allowed. Will the company alfow free previews? Will they refund the purchase price or supply a replacement if
user is not satisfied, or if software is lost, stolen, or damaged?

e Backup. Is a backup disk provided or can user make one?

* Training. For more complicated course packages, is on-site or web-based training provided to buyers, and is there a
newsletter or other way to communicate applications and updates?

* Packaging. Is it made to stand up to normal school and classroom wear? Are disks labeled clearly as to program part and
platform?

» Ongoing support. Does the company answers questions and provide help for problems via local representatives, a toll-free
telephone line, or a web site?

Record and apply what you have learned. ware examples in your content area or grade level. Prepare a
list of the sites with good examples of each type of software
Chapter 4 Self-Test tunction.

To review terms and concepts in this chapter, take the Chapter 4
selt-test. Select Chapter 4 from the front page of the Companion

Website (located at  htp//www.prenhail.com/roblyer). then Questions for Thought and Discussion

choose the Mulriple Choice module. These questions may be used for small- gloup or class discussion

% T s or may be subjects for individual or group activities. To take part
I Porttolio Activities in these discussions online, select Chapter 4 from the front page

ISTE The following activities address ISTE National Educational of the Companion Website (http://www.prenhall.com/roblyer).

Technology Standards for Teachers (NETS-T) and will help vou then choose the Message Board module.

add to vour professional portfolio. To complete these activities on-
line and save or submit the materials electronically. select Chapter
+ from the front page of the Companion Website (http://www.pren-
hall.com/roblyer). then choose the Portfolio module.

1. The tendency to refer to drill and practice software by the
derogatory term “drill and kill”™ is growing. Is this because
the number of situations is diminishing in which drill and
practice software would be the strategy of choice or because

1. Instructional Software Examples (NETS-T Standards: I-B people fail to recognize appropriate situations for using it?
II-C) From instructional software packages, select at least one 2. Some schools, like those with a college preparatory focus, do
that represents each function deseribed in this chapter. Using 1ot allow the use of instructional games of any kind. Is there
word processing or multimedia software, prepare a description a compelling case to be made for allowing the use of in-
of the software that focuses on which function(s) it fulfills. structional game software to achieve specific educational

2. Instructional Software in a Content Area (NETS-T Stan- goals? That is, can games do something in an instructional

dards: I-B, II-C, V-B) On the Internet. do a search for soft- situation that no other strategy is able to do? If so. what?
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ollahorative Activities

I

STE

The following activities address ISTE National Educational Tech-
nology Standards for Teachers (NETS-T) and can be done in
small groups. Each group should present the findings to the class
in a format they know how to use (word-processed report, pres-
entation software, multimedia product). Completed group prod-
ucts can be copied and shared with the entire class and/or included
in each person’s personal portfolio.

i. Courseware Evaiuation (NETS-T Siandards: I-B, II-C)
Class members obtain one or more example instructional
software packages, either from the instructor or from their
own schools. Working in small groups, each selects one of
the categories of software criteria (e.g., instructional design,
content, user interface) from the courseware criteria check-
lists in Figures 4.17 and 4.18. Using the criteria under the
category, the groups evaluate the courseware package. Each
group also identifies the functions they believe are repre-
sented in the package. Each group prepares a description and

& Integrating Technology Across the Curriculum Activities

The Integrating Technology Across the Curriculum CD-ROM is a
set of technology integration ideas and links to online lessons,
arranged as a searchable database. The CD comes packaged with
this textbook. Complete the following exercise using this CD:

Simulations are considered some of the most powerful and
versatile of the instructional software functions. Most simulations
are used in science and social studies content areas, but the ways

Sto the

UCIIlUllblel.lUll io lllubleLC e bUlLVleC CIl
observe. They present these to the class.
2. Matching Curriculum Needs with Instructional Software
(NETS-T Standards: II-A, B, C) Instructor and students
agree on a set of specific state or national (e.g., NCTE,

NOOTAA NQTAN 1
NCTM, NSTA) curriculum standards and/or skills on which

each small group will work. Each group identifies one or
more instructional software packages that could help teachers
address each skill. They present their findings to the class.

3. Lesson Integration Strategies for Instructional Software
(NETS-T Standards: II-A throush E: ".f' n IHI-B: ’VA R)

[SAF VP BN o) L2 WIFOUZM 24y 24 21113,

Using the five-step integration sequence described in the les—
son in Chapter 2, Figure 2.6, example, small groups prepare
an integration sequence for an instructional software package
to be used in a real or fictional classroom. (Students should
pay special attention to the “justification” description in Step
1: What’s the Relative Advantage—Why Use Instructional
Software?) They present their findings to the class.

they are integrated differ greatly between the two content areas.
Locate three to five integration ideas for science and a like num-
ber for the social studies area; compare and contrast the integra-
tion strategies used in the two lessons. Prepare a two-paragraph
description summarizing the differences in integration strategies
between science simulations and social studies simulations, and
identify what you can conclude about the instructional needs sim-

ulations can meet in each content area.
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