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Teachers can do it too 
Some guidelines for developing 

computer assisted instruction (CAI) 

ROBERT HILGENFELD & 
BARRY SPONDER 

Introduction 

The proliferation of computer technology at home and at work 
has made it easier for teachers to progress from wordprocessing and 
record keeping to designing and implementing computer programs 
that teach and reinforce important curriculum concepts. This 
potential for advancement in computer assisted instruction (CAI) has 
come about because of the availability of software programs such as 
HyperCardTM. ToolBookTM, Macromedia DirectorTM* Authorware 
ProfessionalTM and others that make it possible for non-computer 
specialists to create and use their own educational programs. 
Although these applications provide the tools for teachers to develop 
CA1 lessons for their own classrooms, they often find it difficult to 
transfer traditional instructional practices to the computer format. 

The Computer as Tutor 

Initial uses of computers in education were simple ahd 
straightforward. The computer often took the form of "a teaching 
machine" or "semi-intelligent tutor" which presented a unit of 
information followed by a multiple choice test. After students 
completed the test the computer used mathematical algorithms and 
other programming techniques to generate performance feedback. 
The students' responses were recorded, scored and evaluated. 
Subsequently, the computer would offer succinct replies such as 
"Yes!" if the answer was correct, or "no, the answer is ..." for an 
inaccurate response. Students were then directed to correct their 
work, go through the material again or continue on with the lesson. 
Unfortunately, these programs were often boring and ineffective and 
ultimately served to steer teachers away from using CAI. In fact, 
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many of the programs were created by instructional design teams 
that were unfamiliar with classroom instruction and it was not 
uncommon for their instructional software to be included in the 
computer purchase. 

The development of more sophisticated programs for CA1 and 
CBL (Computer Based Learning), based upon principles derived 
from educational psychology, underscores the value of 
psychological research in the study of the learning process 
(Atkinson, 1972, 1974). Not surprisingly, within the past decade, 
advancements in cognitive-based research has helped to enhance, 
implement and popularize the use of the computer-based tutors 
(Schmitt, 1990). The Handbook of Artificial Intelligence (Barr and 
Feigenfaum, 1982) describes many types of "intelligent tutoring 
systems" (ITS) which are also referred to as "intelligent computer- 
assisted instruction" (ICAI). Additionally, the term "interactive 
learning system" (ILS) is used in a wide range of learning situations 
in which various types of information exchanges take place between 
two learning system partners. Exchanges can be multi-centered 
(involving many partners), multi-modal (involving a variety of 
physical, perceptual and conceptual modalities) or multi-media 
(involving many communication channels or devices). However, the 
above systems approach still relies upon teams of professionals such 
as researchers, programmers and subject-matter experts to develop 
and implement a program. The complex scftware development 
process, wrapped in the jargon of pedagogical acronyms (CBL, CAI, 
ICAI, ITS, ILS), served to deter all but the most determined teachers 
from creating and using their own computer programs. 

Revolution in Multimedia 

One result of the much publicized multimedia revolution 
(integrating video, graphics, color, photographs, sound and music 
on the computer) is that the tools for CA1 development are now within 
easy reach of educators as well as expert instructional designers. 
These hypermedia applications provide a software development 
framework, or shell, that give people with minimal programming 
knowledge the ability to integrate and use the power of many media 
formats simultaneously. The use of hypermedia and the computer's 
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capability to combine and synthesize different media technologies 
has empowered educators to develop their own small conceptual 
CA1 packages by enabling them to concentrate on subject matter 
content and not on the frustrating exercise of computer 
programming. 

Instead of using complex and sophisticated progamming 
languages such as PASCAL, BASIC, C+ and FORTRAN, the new 
wave of object-oriented hypermedia programs has shortened the 
process due, in part, to the development of faster and more powerful 
computers. Hypermedia permits movement through data non- 
sequentially, enabling users to present, search and categorize 
information according to their own preference. No longer is the 
development of CA1 and CBL limited to the computer science or 
instructional technology segment of the educational community. A 
person with normal ability, and with some study, can learn to develop 
tutorials, drill and practice programs and even sophisticated 
multimedia productions. The challenge, however, is to ensure that the 
design of these programs is not only accurate and interesting, but is 
also pedagogical sound and follows well established instructional 
guidelines. 

A Structure for Effective CA1 

There have been many research studies that have investigated 
and confirmed the effectiveness of computers in education (Well- 
Strand, 1991 ; Taylor, 1981; Case, 1983) and the success of various 
teacher made programs in the classroom (Anderson, 1993; Joyce, 
1992; Maddux, 1992). Additionally there are many theories of 
learning that have been used for CA1 and CBL design including those 
of Gagne (1965), Skinner (1968) and Bruner (1962). This article, 
however, focuses on the use of a well-known and often validated 
educational tool to help in the development of computer programs, 
Bloom's Taxonomy of Educational Objectives (Bloom, et.al., 1956). 
Using Bloom's Taxonomy as a guideline is particularly helpful 
because it builds upon many existing practices of effective education 
that many teachers have been using successfully for years, thereby 
allowing for a generally smooth transition between classroom 
methodology and the creation of computer based instruction. 
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A symbolic framework for the conceptualization of interactive 
learning is depicted in Figures 1 and 2. 

Figure l. 

At the most basic level (Figure 1) the process depends upon the 
interactions which take place between the learner population and the 
various educational facilities (technologies) used in the learning 
environment. A major consideration in any technology-based system 
is that the learning outcomes are directly dependent on, and only as 
valid as, the initial design. 

ancl Gencratio 

Information or 

Figure 2. 
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However even with the proven need for well-designed research- 
based, computer programs that have both diagnostic capabilities 
and cognitively-oriented attributes (Figure 2), most computer-based 
systems still lack sufficient depth and conceptual development. 
These programs are often motivational but provide almost no 
concrete learning outcomes. It is the cognitive, rather than the 
motivational and social aspects of the computer-based tutoring 
process that should become the focus of teacher-oriented software 
design and development. By emphasizing the cognitive objectives of 
CA1 teachers can more effectively apply their unique insights and 
curriculum knowledge to the creation and implementation of 
computer instruction. Once the cognitive components of a program 
are mapped out, the inherently motivational aspects of multimedia 
can then be implemented through an appropriate Hypermedia 
program such as HyperCardTM or ToolBookTM 

Achieving Cognitive Objectives 

Bloom's Taxonomy of Cognitive Objectives has helped to 
change the way educators view the learning process. Bloom's 
Taxonomy, along with the theories of other educators such as Piaget 
(1970), Gagrle (1965) and Bruner (1962), gives teachers a practical 
guide for identifying goals, designing instruction and creating 
classroom activities. A recent search of the ERlC Database identified 
over 400 articles featuring the application of Bloom's Taxonomy to 
different subject areas. By using this Taxonomy teachers can 
introduce new concepts, build on prior knowledge and evaluate 
learning outcomes in aplanned and sequential manner. 

What is it? 

Bloom's Taxonomy classifies different stages of knowledge 
from the most basic to the most complex (knowledge, 
comprehension, application, analysis, synthesis, evaluation). The 
taxonomy assumes that the earlier stages of cognition are necessary 
for the development of the latter cognitive stages. For most primary 
school learners the first three levels should be attainable and 
teachers should provide activities that reinforce learning at each 
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level. While these levels roughly correspond to Piaget's stage of 
concrete operations Bloom's remaining three levels are more 
appropriate for secondary or tertiary education and correspond to 
Piaget's stage of formal operations. Many teachers have used 
Bloom's work to help them develop activities, sequence instruction 
and teach different cognitive levels of curriculum concepts. For 
example, Table 1 shows a generic primary grade unit consisting of 
several lessons using Bloom's Taxonomy as a foundation for the 
teaching and learning process. 

Table 1. Activities for Teaching Primary Grade Unit 
(Based Upon Bloom's Taxonomy) 

1 1. Students will 

l learn the facts 
Use manipulatives, dia- 
grams, OHPs, games & 
teacher presentations. 

Question students for 
recall of terms, facts & 
methods. Use worksheets 

2. Students will 
understand the 
concepts 

Use writing or other 
activities to help 
students see relation- 
ships. Use activities to 
allow students to 
personalize information. 
Students should be 
able to describe their 
decision-making 
process for story 
problems. 

Use writing, painting, or 
other forms of expres- 
sion. Use objective 
questions. Use story 
problems and have 
students describe their 
decision-making 
process. Have students 
tell stories and create 
their own multimedia 
programs. 

3. Students will 
apply the 
concepts 

Use activities that allow 
students to apply their 
knowledge in real 
contexts. Use project- 
based activities. 

Observe students while 
involved in their 
activities. Writing 
actives, if used 
creatively, can also 
help in assessment. 

Bloom's Taxonomy and Computer-Assisted-Instruction (CAI) 

Unfortunately, for some teachers Bloom's Taxonomy has 
become just another name to remember with almost no connection to 
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instructional practices. However, the clarity and usefulness of the 
Taxonomy make it an effective tool for designing instructional 
software. Table 2 suggests some procedures for developing 
computer assisted instruction based upon principles covered in 
Bloom's work. 

Table 2. Possible Uses of Bloom's Taxonomy for the 
Development of Computer-Assisted-Instruction 

3 .......................................................................................................................................... . ........ :-::-::-;;;:.. ........................................................................................................................ ............... ...................... ... ...................................................................................................... .... :.: ....................................................................... :::. ....................................... ,...:.:. 
;;;;:::;$;$~;P~~p:~.C/Uji~v!:Q~;~j:j;;; :.:<.:.:.:.:.:::_; :.:. .................................................................................... :.; ..................... :;:::;:.:;::: .............................................................................................................................................................................................. ................................................................................................................ 

Use multimedia for the following: 
- Create an interactive book 
- Create reading passages and 

questions using animation 
- Create games, puzzles, riddles 
- Provide drill and practice activities 
- Offer graphical matching exercises 
- Develop colorful tutorial programs 
- Provide discovery activities 

use multimedia for the following: 
- Offer instructional simulations 
- Develop interactive stories 
- Play instructional games 
- Use incomplete stories that 

students .complete 
- Develop advanced tutorials 
- Develop games that help 

students to understand 
relationships 

Use multimedia for the following: 
- Offer problem-solving activities 
- Solve real-life problems to 
- Let students use computers 

to develop their own products 
or solutions 

- Promote projects involving other 
computer programs 

- Create situations to help students 
to solve story problems 

.................................................................... ............................................ .................................................................................. 7 . .  ................................................ ................... . ;  ........................ .:: .. .................... ........................... .................................... ..... ...... :,:;:;:;:;cagnigw;jjm!/j/i;;jj .......... ..... ............................................... " ............... :... .......................................... ............. ................................ .: 

:.:.:.: .......................................... :-: :-:- ................................................................... ............... :.:.:.:.:.: ................................................................................................................................................................................................................. .................................................................................................................. 
i;igiiSa~@riiiQuu~~~8:,;;;;;;i: ....................... ' ............................... :.:.:.:.:.:.:.: . ........................ .................................................................................................................................... 

..................................................................................................................................................................... 

KnowledgeIFacts 

Mastery of the 
material requires 
100% accurate 
recall of factual 
material. 

Comprehension 

Gaining under- 
standing requires 
the student to 
think more broadly, 
to show more 
in-depth cognitive 
processing, to 
explain concepts 
in hislher own 
words. 

Application 

Learning to apply 
information to new 
situations requires 
students to transfer 
and generalize 
what they have 
learned 

- How much is ... 
- Who is ... 
- What is ... 
- When was ... 
- How did ... 
- Where is ... 
- Where was ... 
- Why is ... 
- Why did ... 

- Demonstrate the 
meaning of ... 

... - Paraphrase, 
- In your own words, ... 
- Give an example ... 
- How is this similar to ... 
- How is this different 

from ... 
- Explain the meaning 

of ... 
- Draw a picture of ... 
- Tell a story about ... 

- What would happen 
if ... 

- Apply the formula to 
the following problem 

- Teach them the 
meaning of ... 

- Using your 
knowledge of ... 

- Please do the 
... following 

- Using the story as a 
basis, write the 

... following 
- How would you deal 

with this ~rohlem ... 
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Table 2. Possible Uses of Bloom's Taxonomy for the 
Development of Computer-Assisted-Instruction (Cont'd) 

.............................................. ........................................................ ............................................ ............................................................ 

Analysis 

Students should 
be able to take 
the material apart 
and examine 
the pieces. 

Synthesis 

Students should 
be able to go 
beyond their 
present knowledge 
in a way that 
reflects deeper 
cognitive 
processing. 

Evaluation 

Students should 
be able to evaluate 
ideas according to 
an explicit and 
detailed set of 
reasons. The 
evaluation standard 
must be able to be 
clearly explained. 

- How are things the 
same, and how are 
they different? 

- List the basic 
assumptions 
about ... 

- Describe the motives 
- Distinguish between 

theory and facts 
- Separate the major 

and minor themes. 

- Describe the major 
theories, and show 
how they may be 
combined ... 

- Write an essay 
proposing a new 
solution to a problem. 

- Write a play (paint a 
picture, write a song 
or poem, etc.) that 
gives a new way 
to understand ... 

- Write a careful 
critique of a theory. 
Detail the strengths 
and weaknesses. 
Justify your 
conclusion. 

- Compare and 
contrast the 
approaches to ... 
according to the 
following principles. 

- Detail logical 
inconsistencies in 
theory X as an 
example of 
an inadequate 
scientific paradigm. 

.............................................. ::: . ............................................................................ ............................................. we ~ @ & # ~ @  

............................................................. : :  .............................. .................................................................. : ........... :.:.: ................... ...................................................................................................... 

- The applications suggested for 
the first three levels are sufficient 
if the content and activities are 
adjusted to target this level of 
cognitive activity. 

- Proper planning is important to 
ensure that the skill level is 
incorporated in this mode of 
instruction so that the strength of 
each appropriate technology is 
realized. 

- The applications suggested for 
the first three levels are sufficient 
if the content and activities are 
adjusted to target this level of 
cognitive activity. 

- Proper planning is important to 
ensure that the skill level is 
incorporated in this mode of 
instruction. 

- The applications suggested for 
the first three levels are sufficient 
if the content and activities are 
adjusted to target this level of 
cognitive activity. 

- Proper planning is important to 
ensure that the skill level is 
incorporated in this mode of 
instruction so that the strength of 
each appropriate technology is 
realized. 
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Theory into Practice 

Many educators believe that with the proper training and 
support classroom teachers could design superior computer 
programs because it is they who deal with teaching and learning the 
curriculum on a daily basis (Joyce, 1992; Nladdux, 1992). Since the 
tools for creating these applications now exist, the task is no longer 
to turn teachers into computer programmers, but rather to help them 
develop a positive attitude towards using Hypermedia/multimedia 
programs, provide guidance in learning to use multimedia and create 
a supportive environment for their efforts. Unfortunately, only a few 
teacher training programs are addressing the above objectives 
(lngram,l992). 

To help interested pre-service teachers develop their own 
computer applications, we at NIE are using a hypermedia application 
called ToolBookTM as part of elective courses on computer-assisted 
instruction and message design. The classes encourage students to 
use the principles of Bloom's Taxonomy with hypermedia to create 
CA1 programs within a professional and supportive environment. 

The students are prepared with lectures about the theory of 
courseware design and they are introduced to the elements of the 
ToolBookTM basiccommand structure. They are shown examples of 
both effective and ineffective CBL modules and given critical 
evaluations of these programs. Then students are offered guidelines 
for use in the construction of their own CA1 programs. These lectures 
are intended to give students ample opportunities to explore the 
elements of courseware development and allow them to experience 
the same cognitive processes which they must design into their 
projects. By modelling the creative process the course compels 
students to integrate design theory with research findings about 
effective instructional practices. 

Students are made aware of their own conceptual development 
as they learn the necessary skills for using ToolBookTM. As they 
produce their projects they are likely to experience Bloom's levels of 
cognition and this in turn helps them to create more content relevant 
instructional packages. As they progress, they become increasingly 
aware of the close relationship between their own learning and the 
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need to carefully analyze and synthesize the appropriate subject- 
matter information. The students' success depends, to a great extent, 
upon their ability to use curriculum information in a way that achieves 
realistic 'cognitive objectives on a theoretical, philosophical, 
educational and practical level. Untimately the multimedia features of 
ToolBookTM help to motivate both the university students and, later, 
their own primary grade audience. 

Two major obstacles for teacher-developed software seem to 
concern the difficulty of programming a computer (and teachers' 
attitudes about programming), and the application of cognitive 
research to computer assisted instruction. The above mentioned 
computer courses address both concerns. First, students are not 
required to be computer programmers to succeed. They are 
provided with the elementary controls and commands necessary to 
construct a usable "electronic book." In addition, a major benefit of 
the course has been attitudinal change as students discover that they 
really can instruct the computer to teach a lesson. They also find out 
that creating multimedia is not much more difficult than using a 
wo.rdprocessor. 

Second, after thoroughly covering all the elements of Bloom's 
Taxonomy, students learn how to create instructional activities that 
teach and reinforce the first three levels of cognitive objectives. In 
doing so, they construct a class project which is built around a theme 
such as the The Environment, Keeping Healthy or The Pioneers of 
Singapore. They concentrate on the first three levels of the Taxonomy 
because of the short nature of the course (2 units), the target 
audience (primary grades) and the complexity of learning to use a 
new computer application while concurrently dealing with designing 
instruction to meet cognitive objectives. Students finish their courses 
with a usable classroom application, valuable design experience and 
a greater degree of understanding about how to use computer 
assisted instruction with their own classes. 

Vision into Practice 

With the publication of A Vision of an Intelligent Island: IT2000 
Report, Singapore has set a vision of the future which incorporates 
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technology into every aspect of life. The educational system is no 
exception. The development of teachers who can cope with the 
changing technological scene is an important part of teacher 
preparation at NIE. As more and better application softwarebecomes 
available it will become incumbent for teachers to know and apply the 
new technology to their own classroom. Better and more effecient 
ways of transferring knowledge to students is a must if the new 
generation is to carry on the vision of a technological society. 

Summary 

The use of computers in the classroom has evolved from simple 
and uninspiring teaching machines to sophisticated multimedia 
platforms containing sound, graphics, video and interactive 
opportunities for students to learn as never before. The development 
of powerful computer software and hardware has now made it 
possible for teachers to deliver on some of the promise of interactive 
multimedia by creating and using their own computer-assisted 
instruction, designed to teach and reinforce facts and concepts to 
their own classes. Although many pre-service and classroom 
teachers are interested in developing their own software, it has not 
been easy because of a lack of training, support and information 
about how to design programs that take full advantage of the 
characteristics of multimedia. Consequently, even with powerful 
hypermedia programs teachers are still failing to take full advantage 
of CA1 opportunities. 

Teachers have been using tools such as Bloom's Taxonomy of 
Cognitive Objectives, Piaget's Stages of Development, Gagne's 
Events of Instruction to improve the teaching and learning process in 
their classrooms. Using Bloom's Taxonomy as part of the CA1 
development process is one way to insure that computer-assisted- 
instruction will be more than just a novelty or a one-time activity for 
passing a college course. Experience has shown that unless 
teachers and instructional designers operate from a theoretical base 
of cognitive objectives they can easily be sidetracked by the 
entertaining but not necessarily educational features of multimedia. 
Developing computer programs with a combination of hypermedia 
(ToolBookTM), Bloom's Taxonomy and sound curriculum concepts 
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has proven to be an effective method of enhancing teachers' design 
skills, their use of cognitive objectives and their practical 
understanding of creating and using computer applications for a 
learning environment. 

Reference 

Anderson, A. (1993) Teaching teachers to use hypercard: A minimal manual 
approach. British-Jouhal-of-Educational-Technology. 24 (2). p92-101. 

Atkinson, R.C. (1972). Ingredients for a theory of instruction. American 
Psychologist, 27, 921 -931. 

Barker, P.G. (1989). Basic principles of human-computer interface design. 
London: Hutchinson-Century. 

Barr, A., & Feigenfaum, E.A. (1982). Applications-oriented AI research: 
Education. In A. Barr & E. Feigenbaum (Eds.), The handbook of artificial 
intelligence (Vol. 2, pp. 229-235). Los Altos, CA: William Kaufmann. 

Bloom, B.S., Englehart, N.D., Furst, E.J., Hill, W.H., and Krathwohl; D.R. 
(1 956). Taxonomy of educational objectives. Handbook 1: Cognitive 
domain. New York: McKay. 

Case, R. (Ed.). (1983). Chameleon in the classroom: Developing roles for 
computers (Tech Rep No. 22). New York: Bankstreet College. 

Bruner, J.S. (1962). The process of education. Cambridge, Mass.: Harvard 
University Press. 

Gagne, R.M. (1965). The conditions of learning. New York: Holt, Reinhart and 
Winston. 

Ingram, J.M. (1992). Who's teaching the teachers: Elementary education and 
computers. Journal of Computing in Teacher Education. 8 (3). 17-20. 

Joyce, Michael (1992). New Teaching: Toward a Pedagogy for a New 
Cosmology. Computers-and-Composition. 9 (2). p. 7-1 6. 

Lepper, M.R., & Chabay, R.W. (1988). Socializing the intelligent tutor. Bring 
empathy to computer tutors. In H. Mand & A. Lesgold (Eds.), Learning 
issues for intelligent tutoring systems. (pp. 242-257). New York: Springer- 
Verlag. 



22 Teaching and Learning 

Maddux, C.D. (1992). User-developed computer-assisted instruction: 
Alternatives in Authoring Software. Educational-Technology 32 (4) p. 7-1 4. 

Pappert, S. (1 980). Mindstorms: Children, computers, and powerful ideas. 
New York: Basic Books. 

Piaget, J. (1 970). Science of education and the psychology of the child. New 
York: Viking. 

Schmitt, D.R. (1990). Can CA1 be more effective for teaching johnny than 
traditional instruction - why have studies been inconclusive? In M.R. 
Simonson & C. Hargrave (Eds.), Proceedings of 1990 Annual Convention 
of the Association for Educational Communications and Technology. (pp. 
539-555). Anaheim. 

Skinner, B.F. (1968). The technology of teaching. New York: Appleton- 
Century-Crofts. 

Sponder, B., & Hilgenfeld, R. (1993). Research in Educational Technology At 
the National Institute of Education. Singapore, Educational Technology 
Research and Development. Wash D.C. 41(3). 115-118. 

Well-Strand, A. (1991). Evaluation of norwegian programs of action: The 
impact of computers in the classroom and how schools learn. Computers 
in Education. 16(1). 29-35. 


	copyright_TeachingAndLearning1.doc
	TL-14-2-10.pdf
	copyright_TeachingAndLearning1.doc
	TL-14-2-10.pdf




