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ABSTRACT

The Design, Development, and Evaluation of a Prototype
Expert System for Achievement Test Design

Feng Yan

One application of Artificial Intelligence (Al is to use an expert system as an
“intclligent” job aid to support on-the-job performance. Many of such expert systems
have successfully performed complicated tasks requiring specific expertise, but few are
capable of improving their users' overall understanding of the domain. An expert
system-Test Authoring Assistant (TAA)- was designed, prototyped and tested. The
resulting system was designed primarily to help its users to solve open-ended design
problems and to assists the users in becoming domain experts themselves. TAA assists
teachers, traincrs and researchers in developing paper-pencil tests to measure people's
achievement in the cognitive domain (Bloom, 1956). The study constructed the
knowledge of the achievement test design process, and its underlying concepts and
principles into a computable model, using Reigeluth - Merrill's Elaboration Theory of
Instruction (Reigeluth & Stein, 1983). Computer experts, subject matter (domain)
experts and end-users participated an formative evaluation. The results of the evaluation
show that the operating TAA has presented the major features of the intended TAA, but
it is still to be considered a prototype. The results of the evaluation also indicate that the
intended TAA can be a very useful tool for the targeted users to design achievement tests
of quality and to understand "how to" and "why" issues in the design process.
Furthermore, the experience drawn from the study can be used in expert system
development for open-ended design applications or for the expert system design with a

concemn for developing users' expertise.

iii







TABLE OF CONTENTS

Chapter 1: INtroduction ------seeeeemecmescomemmmsmmmmnrmecmeneane s raacecaan cae
Context of the Problem =----eermemeeemaccccmcmmmceninnes neeeas
Purpose of Study ------seecemmemmmmmmmmm e

Expert Systems to Solve Design Problems ------er-veemcmconee-eee
Consistency Between Job Aid and Expertise Development ------

Chapter 3: Achievement Test Design As Knowledge Domain ----------seeeeee 14
Application of Achievement Tests --------com-romesmocmemmecnenanas 14
Nature of Test DeSign ---------ceeeeeemmmmmmmces e 15
Practice in Test Design ---c------messmsmmmmmmsomeermcocooensione 17
Development of Expertise in Test Design -----------erccesuemmenes 18

1

1

2

Chapter 2: Literature Review --------eeeeseeomcmmsmmmsommmmcemmme e eeeenceceneee 3
3

5

Chapter 4: System DesCription -----eccc--ceesmcmmmmmmmmocsmceermre o e 19
Development and Delivering Environment -------s--e--auoeeeee 19
Description of End User -----=e-eeemmeemcommmmmmmenonieneccneeee
System Requirements ----e---ececcemasemmmmrmmmeeomeamaaoaaoee e
System Functions -----es-cccecmmoommmmommmmemaon oo

21
21
24
Chapter 5. System Design and Development «---eeeec=ssmmseeemsemcanomccemeeeanns 27
Content and Scope of Domain Knowledge of the System --------- P4

Test Authoring Assistant to Solve Design Problem -------eeeveee 32
Knowledge Organization -------e-eeeeemmmemcmmmmonaaceeeeee 33

- Procedural knowledge as epitomizing content ---------------- 33
Theoretical knowledge as supporting content -----------=-=--- 37

Prerequisite knowledge as supporting content ---------eeee--- 38

Knowledge Representation ---s-ceeeioeommmmmmmmommomoaeees 41
Architecture of System ---eeemommmmmmoom o 43

Problem Solving Strategies -----eee-eeeemmemmmemmmmemmaeeeaoes 45
Communication With User --coeoomommmmimmee e 48

System Development ------eeeoemmmommomm L 53
Development of individual knowledge bases ------------ees--- 56

58

58

51

62

64

64

64

66

66

68

73

T

Ciapter 6: Evaluation --eceecooommmmmm e
Expert System Evaluation -----eceemeommmmomoommimceee e

Evaluation QUestions ---ecemceommommom e

Evaluation Design ----eseeommmmmmmmm e

Evaluation With Subject Matter Experts -------c-eeeereeeemeaaa-

Evaluation With Computer Experts --eeeeeoeeemmmceeeananeens

Evaluation With End Users ---cc-----cesemremmacocaaeceeaeee

Chapter 7: Results And Discussion «--e--eeecmcocmeeeoooimmio s
ReSUIES ~o-rvemacmmmmmmmceecsceesrescmmes—cece e cmeme e
Recommendations -e-ceemee--cmcsecccmccccecccccemeecceeeeneneoann
Discussion and Conclusions ----coeeomommmmmoii e

ReEfETENEE  ocsemmmmmemm s oo oo oottt ekt ecma e

Appendix

Task Map of Test Design Process ------seeecmeommmmcoimimi e eeeneeeeeee 80
Samples of Knowledge Representation -------eeme commomeomminmioieeeeet 97
Formative Evaluation Questionnaires -------e-ceecommmmmmmoeeees 123
Evaluation Results «--ceecoesom e 127
User's Manual --ceeeeommmom oo e 136
Objects and Their Values -------eseeemesemmmmcmremimn oo 142

RNl e



LIST OF FIGURES

Page
Figurc 1. Design Test Instrument As Part of Evaluation Process 16
Figure 2. Information Dependency of Achievement Test Design Process 29
Figure 3. Concept Structure and Scope of The System 30
Figure 4. Integration of Problem Solving and Instruction in Choosing Test Format ---e---eeceeee- 39
Figure 5. Intcgration of Problem Solving and Instruction in Constructing Test Specification --- 40
Figure 6. System Architecture 4
Figure 7. How The Assistance Is Given 50
Figure 8. Matrix of Evaluation Design 63

vi



"intelligence" into an expert system solving a design problem because the design problem
is rather intractable. It is intractable since the rules used in a design process are too
situationally dependent to be economically recorded into a computable model for expert
system development. In other words, it renders the search space too large when design
specifics are included i1: a system, therefore, practically, the possible final product of a
design task noimally cannot be predetermined and programmed .

Purpose of Study

The purpose of the present study is to examine some of the problems raised by
attempting to construct a prototype of an expert "coaching” system which attempts to deal
with an open-ended design problem. The system created here is a computable model that
primarily helps to solve "real life" problems and at the same time teaches the user the deep
and comprehensive knowledge involved.

The 1opic selected is a very practical one: to provide assistance for instructors and
researchers in designing achievement tests. It was chosen because it is time consuming to
design and develop a valid and reliable test instrument. Also, a test designer must have
good knowledge and experience in the field so that s/he is able to produce an achievement
test of high quality. Often, because of time pressure and/or lack of training, instructors
develop tests with low levels of validity and reliability. The prototype represents an effort
10 make the expertise of test design more accessible to the enc-users, and expert systems

may prove to be good tools to assist them in designing kigher quality test instruments.









system performing microelectronic circuits design to simulate the consequence of a
product designed by a user or partially designed by the system.

For expert system development, the difficulty associated with formulating explicit
solutions in the form of production rules is due to the wide gap between the explicit
solutions that an expert verbalizes and vague heuristic control approaches that are actually
used. In the case of achievement test design, principles are well documented and
researched by educators and psychologists, but the domain heuristics at a concrete level
are 100 situational to be transformed into production rules. For instance, if an expert is
asked why s/he includes certain tasks/behaviors/performance in a test, s’he may say that
the purpose of the test is to see whether or not the learners are ready for instruction. The
tasks included are the minimum skills in order to start the instruction. The gap between
the conditions (if) and the actions (then) is obvious in the above case, as the condition
part of a production rule,"learners' readiness for the instruction" is concrete, but
"minimum skills" as a conclusion part of a production rule is very abstract. From that "if-
then" rule, one can hardly see any logical connections between leamners' readiness and
what the expert has decided to be tested, except what has been included in the test as
minimum skills. With such a gap between conditions ("if ') and actions ("then"), it is
unlikely that this type of knowledge can be directly transformed into production rules so
that an expert system can give explicit and ready-to-use solutions to its user. Another
difficuity in developing an expert system for a design task in "soft" science is the wide
knowledge scope a system has to cope with. For instance, a system designated to
perform test design tasks should not be restricted to a particular subject matter, e.g.,
math, social science, language, computer science; nor should it be restricted by
characteristics of testees, €.g., university students, first graders in elementary school.
Consequently, in expert system design, the coverage of the expertise, the level of
abstraction and the possible searching space must be well balanced.

nsistency Between Aid and Ex ise Developmen












Although aims of expert system applications in industry and education are very
different, the underlying principles of expertise structure are consistent: that expertise has
both heuristics and theories, and it has structures for both factual knowledge and problem
solving. It might be very difficult to verbalize the heuristics precisely or state underling
theories in one or the other case, but it shoold be seen as proportionally different rather
than capability specific to one environment. Therefore, a good expert system either as an
educational instruction or as a job aid should have three well balanced components . The
three components refer to theoretical knowledge structured as logical chains of the
domain knowledge, problem solving strategies and tactics structured according to key
patterns of real world problems and a user's model (in an instructional expert system
program it is often called as student model). "To be well balanced” means the weight of
each of the above components is consistent with the purpose of an expert system
program. With the purpose of improving users' on-the-job performance, an "intelligent"
job aid should be problem-solving oriented and backed up by underlying theories and
concepts. Also it should reflect the experts' problem solving at a more abstract level in
order to communicate with the user how to produce optimal solutions in a non-standard
situation. The value of this approach extends beyond appropriate solutions for the user,
but improves the users' competence in that domain. An expert system as a job aid should
have a user's model, but it certainly will be very different with that of most expert
systems used for educational purpose. In other words, an expert system design should
reflect the features of its purpose.

To summarize, expert systems applications used for formal educational instruction
and job performance assistance should not be viewed as two distinct classes if the
ultimate aim of the applications is to improve users' or students' competence. Therefore,
expert systems used in educational and business settings should have three basic
components:

1. theoretical knowledge including concepts and principles;

10



procedural knowledge defined in the elaboration theory of instruction (e.g., "state the
proper steps of a chemistry experiment") is too sketchy to be used as the epitomizing
content when the purpose of a program is to solve "real life" problems. Furthermore, the
model is not meant to assist expert system design; therefore, the communication of TAA
with the end-user has to be structured more specifically than the model described. (Refer
to Chapter 5, Design and Development to see how Reigeluth-Merrill's Elaboration
Theory of Instruction was adapted in this study.)

To summarize, in this chapter we have discussed two major issues: development
of expert systems to solve design problems and implications of expertise development in
designing an "intelligent" job-aid. We also described Reigeluth-Merrill's Elaboration
Theory of Instruction model which was adapted for this system design. In the next
chapter we will review the nature of achievement tests, the practice in the field and the

expertise development in achievement test design.
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Figure 1. Design Test Instrument As Part of Evaluation Process

3. What are the constraints and opportunities in using the different methods or formats?

4. What are the methods and formats we should use to measure the performance or
accomplishments we are interested in?

5. In what manner should test items be constructed.

All these decisions in designing a test are governed by the principles of validity,
reliability and feasibility.

Although these three factors are overall concerns in test design, the relationship
among them is complex. For instance, reliability provides the consistency; however, a
test instrument with a high degree of reliability does not guarantee a high degree of
validity of the test (Gronlund, 1981). Thus, the spirit and also the difficulty in test

design is to ensure an optimal balance of the three. For instance, the degree of reliability
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important elements that should be taken into consideration. Because of the time required
to design a high quality test instrument, an instructor made test (vs. a standard test) is
often produced by sacrificing quality to the development efficiency.
Devel (E ise In Test Desi

Expertise in test design belongs to the cognitive domain. Like any skills in the
cognitive domain, expertise development requires a good understanding of the subject.
This understanding includes both theoretical knowledge and heuristics. Also, the
development of expertise requires sufficient practice in the field, but practice will not
have much effect unless it is supported by timely and clear feedback on the performance.

Although there is a body of knowledge and methodology on human behavior
measurement which is well researched and documented, this knowledge is largely
restricted to psychologists, professional testing writers and evaluators. In either a
business or school setting, most tests are designed by practitioners, and few of them
have adequate training in designing high quality performance measurement instruments,

Even for those who have previous training, the opportunities to practice are
insufficient to develop expertise unless the individual is a professional test developer.
For instructors and trainers, the design of tests and appraisal instruments is only a small
proportion of their daily tasks.

Furthermore, it seems that years of experience in the field dose not necessarily lead
to better expertise, as practitioners in the field seldom get clear feedback externally from
peers and supervisors or internally from the consequences of the designed test. Often,
feedback emerging as a consequence of inappropriate measurement is too subtle to have
an effect on the designers' future performance, because it is very difficult for people who
do not have special knowledge in the area of test design to recognize that an
inappropriate decision has made on the basis of the information generated by an

inappropriate measurement.
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Because of the above technical weaknesses with these two authoring languages
neither of them was chosen as the development tool for TAA although they enable a
programmer to build a high quality user interface easily.

Description of End User

TAA is designed for teachers, trainers and researchers who will design and develop
test instruments to measure achievement in the cognitive domain. TAA is supposed to
meet the different needs of different people: from those who have a minimum amount of
knowledge in teaching and evaluation to those who are experts in test design. TAA also
accommodates the user who has little knowledge about computer programming.
System Requirements

The primary purpose of TAA is to assist the user in completing the test design task
successfully. Furthermore TAA should help the user gain a deeper understanding of the
design process. In order to fulfil these two purposes, TA A should be able to:

1. lead the user through a process that an expert will go through in
his/her design process;

2. give easy access to alternatives in designing a test;

3. be used partially for a particular task;

4. assist the user in making systemic decisions in choosing
alternatives along the design process;

5. offer the user the background knowledge in the domain of
designing a test instrument;

6. give the user its justificatior: and explanation about its advice.
The justification should reflect the overall concern or strategies
in the professional design process;

7. communicate with the user in a natural way;

8. give assistance to the user tailored to the users' needs;

9. substantially reduce the design time required if they are done manually and properly.

21







calculated cell values are the closest ones to the user's desires, which is based upon the
score distribution subtotals put in by the user on the performance levels and the topics.
While calculating the score distribution, TAA adjusts the inconsistency of the subtotals
that the user has put in. Please refer to Appendix 1, Figures 4.1, 4.2, 4.3 and 4.4 for
detailed calculation formulas.

In the fifth phase, TAA will help the user to decide which objectives and how many
test items for each objective should actually be included in a test. The decision is based
upon the test time available and the test time required for objectives (testing time required
is calculated by TAA). The actual score distribution among levels of performance with
topics are balance according to the test specifications developed in the fourth phase. The
discrepancy will be identified by comparing the planned value and the actual score value
at each level of performarice within each topic. The discrepancy occurs when too many or
insufficient objectives are included in a test according to the test specifications. The
difference among them would be balanced by adjusting the number of objectives or the
test items of a particular objective or the test specifications (See Appendix 1, Figures 5.1
and 5.2).

In the sixth phase, TAA will assist the user in writing individual test items
according to the types of test items (See Appendix 1, Figure 6.1).

These six major tasks are further decomposed into more concrete subtasks. At each
stage TAA is able to give advice on how to perform the task and on how to use the
computer. The related concepts and principles are ready for the user to review along the
test design process.

ten ions

To assist the user in completing the six major tasks mentioned above, TAA plays
three roles. The user can choose any combination of them. The roles it plays are:
1. an adviser

2. an instructor

24






presents the objectives to the user by topics and under the heading of a topic the test items
are developed. TAA will later reorganize the test items according to the format as a ready-
to-use test. Besides retrieving and reorganizing data, TAA does many calculations in the
test design, such as calculate score values and develop test specifications.

As an instructor, TAA gives the user instructions on the concepts and principles
which a test designer should understand in order to develop a validate and reliable test.
The instruction also puts the immediately related cnncepts and principles into a larger
context in terms of how these concepts and principles are related to the others. Please
refer to Chapter 5. "System Design and Development" for a detailed explanation of the

TAA's instructicn function.
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CHAPTER 5
System Design And Development

nient an main w
The most general way to describe expert system design is to state the scope of the
domain knowledge in which the system operates and then to decide how a knowledge
representation should best be structured for easy understanding, and for effective and
efficient operation. Both decisions (the scope and the structure of knowledge
representation) depend upon a good understanding of the domain knowledge.

The sources of the domain knowledge are mainly Bloom's (1956), Mehrens &
Lehmann's (1975) and Gronlund (1981)'s works; as well as the subject matter experts
(domain experts) associated with the project at Concordia University.

Basically, the knowledge of any domain can be modeled in two ways: either by the
information dependency for the problem-solving process or by the formal structure of the
principles and concepts. The model of information dependency concerns "what task
should be completed first" and "how decisions are made in each task” while the model of
theoretical knowledge concerns "how the concepts and principles of a domain can be
logically classified”. With an expert system solution for improving on-the-job
performance purpose, domain knowledge is mostly modeled only by information
dependency for decision making. With an expert system for educational purposes,
domain knowledge is modeled by the formal classification of concepts and principles.

If an expert system purely gives advice on how to perform the task, it will be
sufficient and effective to model the domain knowledge only according to the information
dependency of the decision process. Since TAA has a second function, that is, to teach
the user the deep and overall knowledge underlying the task, it is necessary that the
theoretical and background knowledge is incorporated into the information dependency

model and structured by the learning prerequisite .
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they are intended. Reliability refers to the consistency of measurement (Gronlund, 1981).
Feasibility is a practical consideration in the design of a test, such as test time available
and resources available to construct and score the test. Validity and reliability are
governed by the purpose of an evaluation; they are both constrained by the feasibility in
the situation of a particular test and affected by how the test items are structured and
worded.

The above discussions describe how the practice and the static knowledge of
achievement test design are conceptualized for the TAA's operation. In the following
sections, the discussions focus upon the implementation issues of TAA.

ing Assi % i

Text Authoring Assistant (TAA) is an expert systzm application to help its users to
perform design tasks. Because of the disadvantages (the impossibility to pre-form explicit
solutions and the wide coverage of the subject matter) embedded in the nature of design
tasks, the major challenge of TAA's design is to balance the coverage of the expertise, the
abstract level it should operate at and the search space the operation requires.

To reduce TAA's huge searching space required to deal with the wide coverage of
the subject matter of a test, TAA is designed to operate at a more abstract level of
principles when concrete solutions are practically impossible to be formulated. For
instance, TAA does not always deal with the subject matter specifics (e.g., math,
language, social science) of a test, while the type of subject matter will affect the global
approach in the test design. Considering the relationship between the subject matter of a
test and the performance to be tested, TAA may advise its user not to overemphasize the
knowledge of names, dates, places, and the like, if the subject matter of a test in social
science.

To overcome the impossibility of formulating explicit solutions on-line, TAA is
designed to communicate with its user about the abstract principles which are illustrated

by examples. For instance, TAA does not always deal with test specifics, such as word
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Better: Chlorine belongs to a group of elements that combine with metals to form salt. It
is therefore called a (halogen).

The textbook statement version will more likely solicit the answer "gas". The revised
version measures important knowledge which does not depend on the specific
phraseology of any particular text book.

The examples, such as the one mentioned above, belong to the fifth component of
the TAA's procedural knowledge. Examples are used not only in performing the design
tasks, but also they are used in the instructions.

The sixth component of the procedural knowledge is the concrete solutions that
TAA formulates, such as deciding an item format of an test item. The conclusion is
suggestive, which means that a user can revise it. The revision of TAA's solution should
have some restrictions, e.g., a user may be advised not to revise TAA's solution in a
particular way under certain circumstances. At this stage, such restrictions have not been
defined.

The above described six types of TAA's output messages belong to the procedural
knowledge which is the epitomizing content (operation structure) of TAA; the next two
sections describe the supporting content of TAA. The "communication with user" section
of this chapter will describe how the procedural knowledge is related to the other types
knowledge.

Theoretical knowledge as supporting content. In terms of “epitomizing", at the
beginning of each of the six major tasks TAA presents to the user the definition of the
task, its purpose and procedure. The advice on how to complete a task is inserted
whenever it is necessary. Above mentioned are the components of the procedural
knowledge. The theoretical knowledge is the supporting content to the procedural
knowledge, which consists of the concepts and principles of achievement test design.

The theoretical knowledge is communicated with a user/test designer as

instructions. Several characteristics of the instructions should be mentioned: first, the

37




1. layout
2. requirement

1. focus

1. Bloom's level of
performance
2.content validity

3. type of the test

description of the

purpose of
constructing
test specification

;

&€ procedure of
constructing

test specification
matrix

advice on
constructing

2. difficulty level
3. scope

1. Validity

2. Reliability

3. Usability

4. Comparison of different
Types of Test

ktest specification

Synthesizer
synthesize the
related concepts

test specification

.

4. Construct Test
Specification

l

Summarizer
1. content validity
2. table of specification
3. types of test

{the type of the test)

1. Validity
a. content validity

2. Reliability
a. stability

b. criterion-related validity

c. construct validity

d. relation with other factors
e. factors influencing validity

3. Usability
a. easy to administrate
b. time for administration
c. easy to interpretation
d. equivalent forms
e. cost of testing

b. equivalence

c. internal consistency

d. relation with other factors

e. factors influencing reliability

4. Types of Test

1. placement
2. formative

3. summative
4. diagnostic

Figure 5. Assistance Given in Task 4. Construct Test Specification
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of a group of rules reflects the purpose and direction of a particular task. Using backward
chaining rules clearly reveals the decision-making process in the test design and allows
easier modification of the program. Figure 1 in Appendix 2 shows how the decision
process is structured and inference is carried out through backward chaining production
rules.

The knowledge representation also uses meta rules in the form of backward
chaining rules. The meta rules do not make actual inferences but rather index production
rules for inference (See Figure 2 in Appendix 2). This approach increases the efficiency
of the implementation because it allows the development and revision done locally
without interfering with other parts of the coding.

In order to reduce the memory space required by TAA's operation, the system uses
the variable substitution method to code those procedure structures which will be used
more than once by TAA's operation. This type of coding is also represented through
backward chaining rules (See Figure 3 in Appendix 2).

Frames are used to store the information in which the facts can be grouped by a
certain category, e.g., the data about the testee will be stored under the frame named
Testee (See Figure 4 in Appendix 2), or to store the information which has an inheritable
nature (See Figure S in Appendix 2). For instance, both true-false and short answer share
their parent's nature of objective test item format, but they are distinctive in terms of that
true-false is select type and short answer is supply type; therefore, in storing this type of
information of "true-false" and the "short answer” are coded into two frames and they
share the same parent of "supply type". Using frames in the above situation will require
less programming effort than that of other information storing methods.

Lists are used to store the items which will be presented to users in menus. From a

menu a user may chose one or more items (See Figure 6 in Appendix 2).
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Canned texts are used to store the static knowledge which may used as messages
displayed to the user. They include information, advice, solutions and instructions (See
Figure 7 in Appendix 2). Variable substitutions are used in many canned messages.

Generally speaking, the inference knowledge is represented by backward chaining
rules. Three types of backward chaining rules are coded in TAA's inference engine: the
productions rules are used to express the actual reasoning of TAA; meta rules are used to
index the productions rules; and a production rule with a variable substitution(s) is used
wherever the structure of a inference procedure will be used repeatedly. The factual
knowledge, which is the material for the inference of TAA, is represented in the form of
frames, lists and canned messages. If a group of concepts can be categorized or they
share a inheritable nature, then, they are stored in frames. Messages for the advice and
the instructions are canned messages. Lists of items presented to the user to choose from
are recorded. Please refer to Appendix 6 to see the objects and their values used in TAA.
Architecture of TAA

Figure 6 illustrates the architecture of TAA. At the most abstract level TAA has two
parts:

1. knowledge base

2. inference engine
In its knowledge base, four types of factual knowledge are kept in separate locations in
the form of lists, rules or frames. The first type is the facts of the domain knowledge
(e.g., taxonomy of purposes of achievement tests, types of item formats, classification of
verbs corresponding to levels of performance). The second type of factual knowledge is
the contextual information abcut a particular test which is either put in by the user, (e.g.,
purpose of the test, educational level of the testees), or generated by the machine, (e.g.,
test type, item format and number of items for each objective and score distribution
among levels of performance with topics). The third type of factual knowledge is

assistance messages to the user, including both instructions on theoretical knowledge and
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suggestions for practical problem solving purposes. The fourth type of factual knowledgc
concerns interface design and it is of interest only to the programmer.

The inference knowledge is the knowledge on how the factual knowledge are to be
used. The inference knowledge is separated from the four above mentioned types of
factual knowledge and is recorded in the inference engine of TAA. Three types of
inferences defined for TAA's operation are in the form of backward chaining rules. The
first type is to make decisions aboui the tasks in designing a test. The second type
concerns when and what instructions should be given to the user. The third type relates to
the process of constructing the machine-user interface. These three types of inference
knowledge are indexed by the meta rules according to the tasks and their sequence of the
achievement test design. The goals of the meta rules reveal the nature of a particular
inference.

Problem Solvin i

According to Wolfgram (1987) problem solving strategies refers to the methods in
three categories: 1. search model, 2. control mechanism, 3. reasoning strategies. The
problem solving strategies should reflect the nature of the expertise in the field to enable
effective communication among the user, the expert and the program designer.

The nature of designing a test is basically a process of iterative refinement: the
previous decisions will be used as the input for the next one. In the iterative refinement
proress, some of the inferences are procedurally or sequentially oriented reflecting an
optimal sequencing in designing an achievement test that experts in this field can
commonly agree upon. While there is an optimal sequence in the supertasks of test
design, the design process is not linear. The true meaning of an optimal sequence is at a
very abstract level, (e.g., developing performance objectives first and then chcosing what
item format will be used for a particular objective). Appendix 1 shows an optimal task
sequence in achievement test design at an abstract level. Although those flow charts

reveal some of different possible paths and also parallel paths in the test design process, it
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deteriorating input (Summerville, 1989). Because the domain knowledge is reliable and
static, TAA use only a straight forward monotonic reasoning strategy, that means the
hypothesis of a rule will be returned a value of either true or false after an inference
without certainty factors, semi-exact rules or confidence factors being employed. The
reasoning strategy of TAA is consistent with that of the experts' in the field. In order to
make a definite and optimal decision in an achievement test design process, an expert
nceds two sets of data- one is the information concerning preconditions about the test and
the other is the information concerning tne subject matter to be tested. Both types
information requucd to design a good test instrument are easy to collect, i.e., few values
in basic parameters for achievement test design are unknown or difficult to obtain. On the
other hand, we have little knowledge about how a decision at one stage affects the quality
of decisions at subsequent stages in an expression of mathematical measurement: Are the
effects compounded? Are they additive or equal to the weakest? Therefore, more in-
depth studies are needed before certainty factors or inexact factors can appropriately be
used in computer assisted achievement test design.
Communication With User

Ideally, a comprehensive user's model should be built to monitor the user's
understanding of the domain, and then TAA will choose what should be communicated
with the user accordingly. However, no user's model is built for TAA's communication
with its users. This is because it is practically impossible to build a machine which can
accurately map users' intellectual activities. Many researchers have questioned both the
need for detailed student/user models and the practical possibility of building them
(Sanberg, 1987; Self, 1988). They considered that the student modeling problems
expand from computational questions, to representation issues, through plan recognition,
mental models, episodic memory to individual differences - to encompass almost all of

cognitive science.
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3. Advice - (How)
gives guidance or suggestions on how the task should be performed.
4. Instruction - (Concept and Principle)
explains the major concepts and principles in the test design.
5. Task - (What)
tells the user what TAA is doing at this moment and how to respond to it.
(This type of message is more relevant to the user who is not familiar with TAA.)
6. Examples

Among them the messages of Procedure, Task and Advice types assist the user in
performing the tasks at hand and messages of Purpose and Instruction are to enhance a
deeper understanding of test design; Examples back up both the Instruction and Coaching
parts of TAA.

TAA accommodates end users with various levels of experience. For instance, a
user may have experience in designing the test, but possesses little knowledge about how
to use this system. In this situation, the user only needs an explanation of particulars of
TAA, e.g., which key to press at this moment. In these circumstances, an experienced
test designer who is unfamiliar with TAA may choose only the assistance on how to use
TAA without assistance on test design. In an other circumstance, it may be that a user is
an inexperienced test designer who has no time to go through all of the instructions on the
related concepts and principles, but who needs advice on how to complete certain tasks in
an appropriate way. In this situation, the user may choose advice on the tasks at hand
without being instructed on the theoretical knowledge.

The messages on how to operate TAA at each particular stage are divided into two
types. One is easy-to-remember key strokes that the user will get familiar with very soon,
such as "press return” to proceed. Another type may be more confusing to the user,

(e.g., how to choose items from a menu). At the very beginning of an operation, if the

user tells the computer that s/he is not familiar with TAA, TAA will give him or her both
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typing on the user and the difficulties of interpreting the input by TAA. If a type-in input
is really necessary, the user will be given a message such as "type in ....". The user input
should be monitored and the user should be given a chance(s) to reenter the data after
feedback is given to an illegitimate input (not completed).
System Development

In choosing a development strategy, efficiency and effectiveness of TAA's
prototyping are two major considerations. If an application is large, as is the case with
TAA, and if it is developed as a whole entity from the very beginning, the efficiency of
its implementation will be hindered greatly resulting from system testing and revising.
Because it is not efficient to build it in one chunk, TAA is developed modularly in terms
of six knowledge bases that are built corresponding to the six major tasks of the test
design. cach knowledge base has its cwn inference engine and canned messages. To
increase the efficiency of system modification, the production rules within each inference
engine are indexed as rule sets by the tasks they perform so that the moditication can be
done locally.

When a system is developed via separate modules, the major problem is that the
data structure may not support all individual sections. In order to ensure the adequacy of
overall knowledge representation structure, the six knowledge bases are developed in
parallel and started with their skeletons. For the same purpose, frames and rules which
contain overall test design variables (e.g., the education level of the testees, content area
of a test and rules of coaching strategy) are coded in the files shared by the six knowledge
bases. As a result of sharing a single knowledge representation structure, the structures
of the individual knowledge bases are identical. Developing six knowledge bases in
parallel and using one shared data structure permits all six knowledge basis to be
integrated smoothly into the framework as a whole application, thus enhancing the

effectiveness of TAA development.
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Development of individual knowledge bases. The above discussion describes

TAA development as a whole, since the six knowledge bases were not developed evenly.
The following description focuses on the development of individual knowledge bases.

In the first knowledge base ("1. Get Information”), only procedure-decision
making knowledge has been coded. The grade scheme of testees' educational level is not
completed. There is no instructional material in this knowledge base yet and assistance in
how to use TAA is weak. Additional variables and their values, in the category of test
design preconditions, should be defined and incorporated into this knowledge base in
future TAA development (e.g., to define possible values of the research purpose).

In the second knowledge base ("2. Formulate Behavioral Objectives™),
instructional materials have not been coded completely into this knowledge base, for
instance prerequisite knowledge has not been defined for the task of formulating
behavioral objectives. With regard to the user interface, typing in a verb from a given
verb list for each level of performance should be changed into clicking a verb from a verb
list menu.

More inference knowledge shor'ld be incorporated into the third knowledge base
("3. Choose Item Format") so that the selection of an item format will be more sensitive
to various test conditions. The structure of the prerequisite knowledge for the task of
choosing item format is completed, but many slots need to be filled.

In the fourth knowledge base ("4. Construct Test Specifications"), task, advisory
and instructional functions are the most fully developed among the six knowledge bases.

In the fifth knowledge base ("S. Decide Length of a Test"), there are no
instructional materials constructed yet. Also, few justifications on TAA's actions at this
design phase are coded. Some areas of the user interface needs to be imrpoved, for
instance, two matrixes representing the planned test specification and the actual score
distribution are displayed on the screen. Among them, the actual score distribution matrix

should be given a matrix heading, like the one the planned test specification matrix. In the
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debugging to be follow up corrections of errors found in the evaluation process, instead
of being within evaluation.

Smart (1987) outlines expert system evaluation in more detail. He stated that four
basic aspects should be checked during the evaluation of an expert system:
1. It does the right things which include the essential and desirable features.
2. It works all the time thus it is error free.
3. It is user-friendly.
4. It is well documented. It should have updated documentation of a user's manual and

development documentation.

These four questions are easily fit into the framework of the validation and verification,
because "user friendly" is one of desirable features in any man-machine system which is
a verification question, and "good documentation” is a means to efficient system
development.

Although evaluation in expert system development and in conventional softwarc
development share the same basic focii, several diffcrences should be noticed. For
instance, while conventional software evaluation may mainly verify the performance of a
systemn against the pre-specified system requirement, expert system evaluation has to
validate and refine its system specification. The difference results from the fact that, at the
very beginning of system development, we often have only a vague or skeletal idea of
how an expert system will solve the targeted problem. As a matter of fact, the
understanding of domain knowledge progresses along with the development of an expert
system. In other words, unlike conventional software development in which the design
and implementation is according to the system specification, the expert system starts from
very general objectives about what problems the system is going to solve, and system
specification is derived from the prototype (Sommerville, 1989). Along with a better
understanding of a targeted domain knowledge, the focus of an expert system evaluation

will be shifted from validation to verification.
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they also gave suggestions for further system revision. These comments were recorded
too.

The results of the evaluation were analyzed qualitatively and used to validate the
system design and reveal the directions for further modification.
Evaluation With Subject Matter Expents

Two domain experts participated in the evaluation. They were professors in the
Education Department, Concordia Universit,;. When the evaluation was done with a
domain expert, sthe was given all of the possible values of constants/objects, and from
them s/he chose a combination of these values as input forming a test case. While
monitoring the system operation, the subject matter expert and the system designer
discussed the effects, problems and possible improvements of the system. For the
questions related to the knowledge representation, the TAA's conceptual models and the
coding in computer language were given to the domain experts for their comments.
Evaluation With Computer E

Two compr  =xperts, of Concordia University, participated the evaluation. One of
them was a professor in Computer Science and the other was a professor in Educational
Technology. The evaluation with a computer expert was quite similar to that with subject
matter experts, except that the testing issues were concerned more with the internal
knowledge representation category. Being given the names of the objects and their
possible values, the comrputer experts went through the system operation on a one-to-one
basis with the system designer. Also, they were given the TAA's conceptual models and
their coding 1n the computer language for their comments.
Evaluation With End-Users

The end-users were graduate students and professors in Educational Technology,
Concordia University. They were either then or future instructional designers and
instructors. The evaluation with them was mainly concerned with the questions on the

problem solving aspect and some in the external performance aspect. No questions were
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decreased, because TAA would force the user to go through a thinking and planning
process that most classroom instructors did not go through in their test design process.
Asaresult, by using TAA, an instructor might spend more time in developing a test than
without using TAA to regulate the design process. In terms of TAA knowledge
representation, the domain expert considered that its structure was basically
psychologically valid, but the content should be enriched and fine tuned.

Weaknesses were found in two areas: one was the quality of the advice to the user
and the other was the quality of the user interface. Regarding the weaknesses in the
advice that TAA gave, the expert considered that the messages were relevant but not
directive enough. Also, the content of the advice was rather flat, which did not
accommodate different shades of a user's understanding and a test's circumstances. The
communication concerning learning was rigid and not interactive enough.

The weakness in the user interface was evident in that the evaluation participants had
difficulty communicating with TAA and they could not proceed through TAA operation
without extra help from TAA's designer. The difficulties resulted from insufficient and
sometimes misleading on-line assistance regarding how to use TAA. For instance, in the
“choosing from menu" tasks, TAA didn't explain to the user the implications and the
consequences of a particular choice. Without being aware of the consequences of his or
her action, an evaluation participant sometimes was bewildered at what s/he was doing
and how s/he should proceed. Another problem that the evaluation participants
encountered during TAA operation was the difficulty in seeing the patiern of flow of
messages. All of the participants, in various degrees and at different points, were
overwhelmed by a string of messages because the relationship of the messages and
transition between two tasks were not communicated clearly to them.

Some problems identified in the evaluation were due to TAA's developmental stage.
For instance, the assistance function was developed unevenly among the six knowledge

bases, which made the evaluation participants very uncomfortable when the reality did
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stage, but also being carried out when the new knowledge is compiled in the future
system development:

1.1. Give a definition to every technical term and key word that can be interpreted by
a user with various meanings (no definitions are given at present);

1.2. Give an explanation at every point when a user is supposed to make his or her
choices from a menu. The message should tell the user the main implications and the
consequences of a particular choice (no such message is given at present) ;

1.3. To make transitions between tasks smooth, at the end of each task insert
messages clearly stating what has been done and what will be done next (at present, such
messages exist unevenly among the six knowledge bases) ;

1.4. Label each output message with its message category title, such as "advice",
“instruction”, or "procedure”, etc., so that a user would know what category the message
belongs to and will not be overwhelmed by a flow the messages (all of the messages have
been labelled internally and some of message have been labelled externally in such a
way);

1.5. Monitor user's "type-in" (vs. "choose from a menu") input and give him or her
feedback when the input is in an illegitimate form and give the user an opportunity to re-
enter a legitimate one. For instance, to tell TAA the available testing time, a user may
overlook the instruction of input test time by minute, therefore, s/he may type in "1" for 1
hour instead of "60" for 1 hour. In this situation, TAA should be capable of asking the
user to re-enter the test time in minutes or convert the hour into minutes for the user
(only a few inputs are monitored at present).

At present, the inference knowledge is not sufficient, so in the second stage of the
modification, more inference knowledge should be addea and fine tuned. The main

concerns are as follows:
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2.1. Heuristic knowledge compiled through field practice should be extracted from
domain experts. For instance, how to balance the reliability of a test and the reliability of
an item;

2.2 More variables in the achievement test design should be defined in order to
increase the sensitivity of the conclusions that TAA draws. For instance, right now there
is only one objective list that the user can choose from to formulate general objectives. It
is suggested that parallel objec*” .. lists be developed according to the subject matter of a
test. In this way, the objective list represented to the user can be more relevant to the test
content and the system inference will be more to the point. Please refer to Appendix 6 to
see the objects and their values that TAA uses at present,

After the knowledge bases are more or less completed for the design tasks, a user
model should be designed and built to monitor his or her understanding of a topic. With
the user model, conditions of a particular message to the user will be refined; thus, the
advice given to the user can be more relevant and directive. The following changes are
advisable:

3.1 The user model should be kept simple, and be structured around common
misunderstandings;

3.2 the user model should deal with misunderstandings locally instead of trying to
detect all misconceptions in the achievement test design process as « whole.

At the fourth stage of the modification, interface regarding system cperation control
(vs. performing individual tasks) should be incorporated as part of the interface. At the
moment, there is no such function. TAA control interface will override the execution of
e individual test design tasks. The interface might consist of certain key-strokes and
pull-down menus. The capabilities and functions of the system operation control are
defined as follows and may be constructed in the following sequence:

4.1. Allow a user to use TAA partiaily. For instance, if a user wants TAA to assist

him or her only in formulating performance objectives, TAA should be able to start the
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a. terminating the operation completely at any point of the operation;

b. exiting a particular task and going back to the main menu to choose another task;

c. terminating the instruction session and going on with the design tasks;

d. saving/retrieving products that a user has created;

e. printing products that a user has created.

By using either key-strokes or a pull-down menu, TAA control will override the
operation of a particular task.To build these functions, one may have to use C language,
because the Intelligent Compiler shell does not directly support building such a system
control;

4.6 Allow a user to go back to the previous stage and revise the data s/he has put in.
However, the point at which the user is allowed to do so cannot be a free will choice, but
it must be well thought out. This is because test design is an iterative refinement process
and any changes at one point will cause a chain reaction in its following decisions. More
specifically, if a user freely revises the decisions that s/he has made, it might result in
heavy recursion and confusion in TAA operation. Therefore, it is suggested to select a
few of logical points where a user can revise what s/he has put into TAA.

In the last stage, the six separated knowledge bases should be integrated into one
entity. At the end of this stage, a stand alone application should completed. Please refer to
Appendix 6 to see the objects and their values for each knowledge base.

On-going formative evaluation is necessary in all phases in order to ensure that the
modification and development is on the right track. The focus of an evaluation should be
shifted gradually from validation to verification, along with TAA requirements becoming
more clear.

The requirements for the modifications and future development apply to all six
knowledge bases Since the six knowledge bases have been developed unevenly, some

of the knowledge bases need more effort in their modifications than others do.
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representing the procedural knowledge as its prirnary knowledge representation structure,
The procedural knowledge in the domain was further coded in a form of meta rules to
ensure that TAA efficiently selects the most pertinent sets of rules in its inference. The
heuristic knowledge was then incorporated into the slots in a particular step expressed by
the procedural knowledge. Also, the procedural knowledge was used as an indicator to
partition the inference engine for efficient system development. By bringing different
types of knowledge into a coherent structure to fulfil different purposes, the coding of an
application is easy to comprehend by the experts and modified by TAA designer. The
above mentioned approach can be used in the design of any expert system.

The third design strategy used in the study was to design a flexible as well as
effective coaching scheme to meet different users' needs. The coaching function was
designed and developed according to the The Elaboration Theory of Instruction
(Reigeluth & Stein,1983). Although it was an excellent tool to design instructions at the
macro level, the scheme of the Elaboration Therry of Instruction was not well suited to
such a complicated problem-solving application. To remedy this, the assistance regarding
communication of the procedure and decision-making knowledge was further defined
into three categories:

a). purpose - The messages of the purpose were to answer the "why" questions that a
user might have in mind. It was not a goal of a set of backward chaining rules, but it was
the control strategy of an action, such as "the purpose of constructing test specifications
is to ensure content validity in a test design"”;

b). procedure - A procedure consists a set of steps to complete a task successfully. A
procedure answered a user's "how to” questions before s/he begun to perform a task;

c). advice - Advice was the output solutions which could be advisory or decisive. The
messages of the advice category were different from that of the procedure category:

although the messages of both categories concern "how to" questions, the messages of
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Appendix 1

Task Map of Test Design Process
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Figure 3.1 Choose Test Format
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Figure 4.2 Outline The Test Speficiation
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Appendix 2

Samples of Knowledge Representation



~_condition~_ 2

if

'G' := (Grade of Testee) and 'G' < 4 and

~ _read-no’_ "Have the testees learnt how to write an essay?"
and

" _tell~_ 30009, Advice and

(Education of Test) := No and

(Essay of Test) := No or ~_true~_ ;

»_condition”_ 3

if

'N' := (Number of Testee) and 'W' := (Who Score of Test)
and

'A' := 'N' / 'W' and 'A' < 30

or

(Essay of Test) := No and

(Resource of Test) := No and

* _Advice3~_ ;

» Advice3”_

if

(Advice of User) = Yes and

*~_cls*_ and

IN' := (Number of Testee) and 'W' := (Who Score of Test)
and

~ write*_ "Number of Testee: ", 'N' and

~ write”_ "How many people to socre: ", ‘W' and
~_system”~_ 30010 ;

3.0 ~_Coaching”_

if

(Assistance of User) = Yes and

~ _tell~_ 30001, Instruction and

* _tell”_ 30002, Purpose and

~_tell"_ 30021, Procedure and

~_tell”_ 30003, Advice and

~ Example~ 30022, Example, Advice and

~_tell”_ 30015, Unfamiliar and ~_difference~_ or ~_true~_ ;

~_difference"_

if

(Instruction of User) = Yes and

~ system~_ 30023 and

* _read-yes*_"Would you like to know the features of
objective test & essay test?"

and *_system~_ 30016 and ~_system”_ 30017 and

Figure 1. Backward Chaining Rules Used to Choose Item Format
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A_system”_ 30030 and

A _read-yes”

"Sufficient number of homogenous premises & responses can
obtained" and

(Format of 'Obj') := Matching or

~_tell~_ 30032, Task and (Format of 'OLJj') := Multiple
Choice ;

~_consider~_ Matching, 'Obj’

if

(Verb of '0Obj') match or

(Verb of 'Obj!') relate or

(General of 'Obj') = identify relationship between two
things ;

|||

It ~_is~_ Restricted Response, 'Obj', 'Format'
if

(Verb of 'Obj')
(Verb of 'Obj')
(Verb of '0bj')
(Verb of '0bj')
(Verb of '0bj')
(Verb of '0Obj!')

explain or
categorize or
describe or
present or
formulate or
state ;

It ~_is~_ Extended Response, 'Obj', 'Format'
if

(Verb of '0bj?')
(Verb of 'Obj')
(Verb of 'Obj"')
(Verb of 'Ob3j"')
(Verb of '0bj')
(Verb of 'Obj')
(Verb of '0bj!')
(Verb of 'Obj')
(Verb of 'Obj"')
(Verb of 'Obj')

compose or
write or
plan or
design or
produce or
organize or
express or
integrate or
create or
evaluate ;

LIS T | T (Y O |

It ~_is”~_ Short Answer, 'Obj!'
if

(Verb of '0Obj"')
(Verb of 'Obj"')

compute or
calculate or

(General of 'Obj') = interpret diagrams/graphs or
(General of 'Obj') = translate verbal material to
mathematical formulas or

(General of 'Obj') = solve mathematical problems ;

Ghkkkhhhhhkhhhkhhhhhkhkkhhhkkhhhhkhrkhkhkkkhkkk
~_afterwords~_ 'T', 'Fformat', 'Obj’

Figure 1. Backward Chaining Rules Used to Choose Item Format
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~ Test Specification”_

h

~_Types of Test”_  and
~_Introduction”_ Make A Plan For The Test and
~_Review”_ and

“draw”_ the matrix and
_draw”_ test outline and

_get”_ the planned score and ~_tell”_ 40004, Task and
s~ _ and

o}

-1

OCON WNFOOO

_Summarize®_ and ~_cls*_ and
_Synthesize~_ ;

L A T N B Y

4.0 ~_Types of Test”_

if

'X' := (Purpose of Test) and
4.0 ~_Which Type~_ 'X' ;

4.0 ~_Which Type~_ 'X!

if

~ It is”_ Placement, 'X' and (Type of Test) := Placement or
~ It is~_ Formative, 'X' and (Type of Test) := Formative or
~ It is”_ Summative, 'X' and (Type of Test) := Summatove or
~ It is~_ Diagnostic, 'X' and (Type of Test) := Diagnostic

.
!

~ It is”_ Placement, 'X!

if

‘X' = Training Readiness or 'X' = Learning Readiness oxr
'X' = Job Assignment or

'X' = Certifying and

'Y' := (Has Quota of Test?) and 'Y'= No;

~ It is~_ Formative, 'X!

if

'X' = Training Evaluation and 'Y' := (Coverage of Test) and
'Y! = Instruction Unit or

'X' = Evaluation and 'Y' := (Coverage of Test) and 'Y' =
Instruction Unit;

~ It is*_ Summative, 'X'

if

'X' = Certifying and 'Y' := (Has Quota of Test?) and 'Y' =
Yes or

'X' = Grading and 'Y' := (Coverage of Test) and 'Y' = Term
Course or

'X' = Evaluation and 'Y' := (Coverage of Test) and 'Y' =

Term Course ;

Figure 2. Meta Rules Used to Index Production Rules
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if

'F' = 1 and 'F' := Multiple Choice or
'F' = 2 and 'F' := Matching or

'F' = 3 and 'F' := True-False or

'F' = 4 and 'F' := Short Answer or

'F'* = 5 and 'F' := Restricted Response or
'FP' = 6 and 'F' := Extended Response ;
~_more concepts*_ 'Topic', 'Set List'

if

A _read-yes”_ "Would you like further explanation on it?" and

~ get the set”_ 'Topic', 'Set List' and
A _list-member~_ 'M', 'Set List' and
(*M' of 'Topic') := Yes and ~_fail”_ or ~_no-backtrack~”_ ;

~_system~_ ‘A’

if

A go on”_ and

A~ msg~_ 'A', 'Ref' and ~_pop-text”_ 'Ref' ;

% User Choose *kxkkkkkkkkkkkhkkkkhkkkkkkkkk

0.0 ~_Introduction~_ 'X', 'Y'

if

~ _ask to~_ 'X' and

~ tell”_ 'Y', Unfamiliar and ~_tell~_ 10008, Unfamiliar and

A _read~yes~_ "Would you like to have assistance for this
task?" and

(Assistance of User) := Yes and

~_display”~_ 10008, Unfamiliar, 1, 1 and

0.0 ~_Choose Assistance”_ Assistance, Item, User and *_cls”_
and

~ _read-yes”_ "Would you like to have examples to 1illustrate
the explanation?"

and (Example of User) := Yes or ~_true”_ ;

~ _clean slot~_ 'Frame'

if

~ for-every~_ 'Frame' ~_has-a”_ 'Slot!'
#_do”~_ ~_clean”_ 'Frame', 'Slot' ;

~ _clean”_ 'Frame', 'Slot'

if

('Slot' of 'Frame') := No ;

Figure 3. Production Rules with Variables
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A _Frame~_: Test
A Parent" : Thing

n SlotA : Name ~_ Valuer _:
A Slot" : Setting ~ ValueA :
~ Slot" : Purpose A ValueA :
~_slot~_: Coverage A Value~_:
~~Slot~ : Has Quota? A _Value~_:
~_Slot~_: Content A _Value~_:
A Slot" : Time A _Value~_:
~_Slot~_: Min Score ~ Value~_

” Slot" : Frequency ~ Value* :
~ Slot’\ : Need Pretest? ~ Value" :
~_slot~_: How Score ~ Value~_
~_Slot~_: Who Score ~_Value~_:
~_slot~_: Content Area ~_Value~_:
~ Slot" : Type * _Value~_:
A SlotA ¢ Nature ~ Value" :
~ Slot" : Focus " ValueA :

~"slot~_: Difficulty Range ~_Value~_
~"slot~ _: Difficulty Level ~ _Value~__

~_Slot~_: Score A" Value~_
~"slot~ _: Objective Total A" Value~_
~_slot~_: Item Total ~ Value~ :
~_Slot~_: Explain ~_Value~ _
~_slot~_: Items ~_Value~_: O

~_Frame~_: Testee
~_Parent~_: Thing

~_Slot~_: Number A _Value” :
~ SlotA : Education ~ ValueA :
A Slot" : Grade ~ Va]ueA :
~~Slot~_: Age ~_Value~ :

Figure 4. Frames Used to Record Facts
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~ _Frame”_: Table

~ Parent” _: Concept

# _Slot”_: Test Types ~_Value”_:
~~Slot”_: Validity »_Value~_: Yes
. SlotA : Reliability ~_Value*_:
~“Slot”_: Usability A Value~ :

~_Frame~_: User

~_Parent”_: Thing

~ Slot~_: Training ~ Value”~_: No
~Slot”_: Unfamiliar ~_Value”~__: No

~~Slot” : Assistance A~ Value”_: No
‘_Slot‘_: Instruction ~ leueA ¢ No

# _Slot~_: Purpose ~ Value~_: No
»_Slot~_: Procedure ~_Value*~_: No

A _Slot”_: Task ~ ValueA_: No

A _Slot~_: Advice ~_Value~_: No

* _Slot”_: Example ~ ValueA ¢ No

~ _Frame”_: Review4

~_Parent”_: Table

~ Slot~_: Content Validity ~_Value~_:
~“Slot*_: Test Types A~ _Value*_:
~_Frame~_: Types

~_Parent” : Table

~_Slot”_: Placement ~_Value”_

*_Slot~_: Formative ~_Value*_

” SlotA : Summative * ValueA

8 Slot* : Diagnostic * ValueA

~_Frame”_: Validity

~_Parent*_: Table

~ Slot* : Content Validity ~_Value~_:

8 Slot‘ : Criterion-Related Va11d1ty A_Value~_:
8 Slot‘ ¢ Construct Validity ~_Value*_:

A Slot* : Relation With Other Concepts ~ _Value~ :
A Slot‘ : Factors Influencing validity ~ Value~

~_Frame”_: Usablility
~_Parent”_: Table
" _Slot”_: Easy to Administrate A _Value~ :

" Slot‘ : Time for Administration ~ ValueA :
A SlotA : Easy to Score ~_Value*_:

" SlotA : Easy to Interpretation ~ _Value~ _
*_Slot*_: Equivalent Forms ~_Value*
*_Slot~_: Cost of Testing ~_Value~_

Figure 5. Frames Used to Store Information Which has
Inheritable Nature
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~ _Frame”__
~ Parent” _

~ Slot~_:
~ Slot‘ :
~ SlotA :
~ SlotA :
~ SlotA

~ SlotA :

~ _Frame~

~ Parent‘
~ SlotA :
~ S;otA :
~ Slot‘

~ Slot‘ :
~ SlotA :
*_SlotA_:

~ _Frame*
~ ParentA
~ SlotA
~ SlotA :
~ Slot‘
~ Slot‘
”_Slot“_:
~_Slot~_

~ _Frame©
~ Parent‘
A SlotA
~ Slot* :
~ Slot‘
~ SlotA
~ SlotA
A Slot‘

*_Frame _

~ _Parent”_
~_Slot~_

~_Frame*
~ ParentA
~ Slot“ :
~ SlotA :
< Slot“
~~slot*_:

Figure 5.

: Multiple Choice
Format
Phase
Advantages
Limitations
Characteristics
Usage
Constructing

: Short Answer
: Format
Phase
Advantages
Limitations
Characteristics
Usage
Constructing

True-False
Format
Phase
Advantages
Limitations
Characteristics
Usage
Constructing

: Matching

Format

Phase
Advantages
Limitations
Characteristics
Usage
Constructing
Concept

Thing

Number ~_Value®

A _Value”_: 3

~ Value”_
~ Value*
~ ValueA
A Value*

*_ValueA_

A Value~_: 3

A ValueA
A ValueA

A_Value“_
~_Value”_
~_Value”_

.
.

» _Value~_: 3

~ Value”_
n Value

~"Value”_

~_Value*

~ _Value~_

.
.

» _Value~_: 3

~ _Value~_
~_Value”_
~_Value”_
~_Value” _
» _Value”_

Extended Response

_: Format
Phase
Advantages
Limitations
Characteristics

Frames Used to Store Information Which has

A Value~_: 3

» _Valuer_
A ValueA

A_ValueA_

Inheritable Nature
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Synthesis Level
formulate a scheme for classifying... *_is a choice for*_ At
Synthesis Level

judge the value of a work ~_is a choice for~_ At Evaluation
Level

judge the adequacy of a conclusion *_is a choice for~_ At
Evaluation Level

judge the value of a work/idea”_is a choice for~_ At
Evaluation ievel

Instruction ~_is a choice for~_ Assistance
Purpose ~_is a choice for~_ Assistance
Procedure * _is a choice for~ Assistance
Task ~_is a “choice for~ _ Assistance
Advice ~ _is a choice forA Assistance

% 3. Choose Test Format
Khhkkkkhkkhhhkhkhkkhkkhkhhhkhhhkkhrkhkkkhkrhkhkk

Performance Measured ~ is a choice for~_ Comparing Format
Preparation of Questions ~ is a choice for”~_ Comparing
Format

Sampling of Course Content ~_is a choice for~_ Comparing
Format

Control of Response ~ is a choice for~_ Comparing Format
Scoring ~_is a choice for”__ Comparing Format

Influence of Learning ~_is a choice for”_ Comparing Format

Reliability ~ _is a choice for”_ Comparing Format

Advantages ~_is a choice for”_Explanation on Format
Limitations ~ is a choice for* Explanation on Format
Characteristics ~_is a choice for~_ Explanation on Format
Usage ~_is a choice for~_ Explanation on Format

Multiple Choice ~_is a choice for~_ Explanation on Formats
Matching ~_is a choice for~_ Explanation on Formats
True~False ~_is a choice for~_ Explanation on Formats

Short Answer *_is a choice for”_ Explanation on Formats
Restricted Response ~_is a choice for*_ Explanation on
Formats

Extended Response #~_is a choice for~_ Explanation on Formats

Multiple Choice ~_is a choice for”_ Review on Formats
Matching ~_is a choice for~ Review on Formats
True-False * _is a choice for~ Review on Formats

Short Answer * _is a choice for~ Review on Formats
Restricted Response * is a choice for*_ Review on Formats

Figure 6. Items of Lists
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~_msg”_ 4table3,
4table3

Content validity
The content area is concerned with the topics
to be learned, and the performance objectives
are concened with types of performance learners
testees are expected to demonstrated
(e.g., knows, comprehends, applies).

}

~_msg”_ 4tableq, ({
4table4

Content Vvalidity
Both of these aspects are of concern in determining
content validity. We would like to any test that
we construct, or select, to provide resutls that that
are representative of both the content areas and the
objectives we wish to measure.

)

A_msg”_ 4tableS5 , {

table5

Table of Test Specification with Content validity
Table of Specification is a device which is used
to obtain a representative sample of testees!'
performance in each of the areas to be measured,
so we say the table of specification is a device
to ensure content validity in test design.

)

~_msg”_ 4table6, {

tableé6

Table of Test Specification with Content Validity

The table indicates the sample of learning tasks to be
measured and the closer the test items correspond to
the specific sample, the greater the likelihood of
having satisfactory content validity.

)

% Procedure
~_msg”_ 40001 , ({
40001
How to Build A Test Specification
It is a two-way chart which relates the performance
objectives to the tested content area.

}

Figure 7. Canned Messages
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Appendix 3

Formative Evaluation Questionnaires



Evaluation Questions to End Users

Problem Solving Aspec

1. The system deals with non-trivial problems.
2. It reduces difficulties in the design task.

3. What are the best features of the system?

4, Where should it be modified?

5. I would like such a tool to assist me in my
test design work.

External Performance

6. It reduces design time of the administritive
tasks.

7. It gives me easy access to alternatives.
8. It asks questions in a consistent manner.

9. The advice is meaningful to me.

10. It improves my understanding of test design.

11. The assistance is tailored to my needs.
12. 1 like the structure of the assistance.
13. It is easy to use as software.

14. The screen display is clear.
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Disagree 1 2 3 4 5 Agree

Notatall 1 2 3 4 5 Significantly

Notatall 1 2 3 4 5 Very much

Unlikely 1 2 3 4 5 Very likely

Notatall 1 2 3 4 5 Significantly

Not at all
Not at all
Not at all
Not at all
Not at all
Not at all

Not at all

1
1
1

2345 Very

345 Very

3 4 5 Significantly
3 4 5 Very much
3 45 Very much
345 Very

1SS R (R "N " I S

345 Very









Evaluation Questions to Domain Expert 2

Problem Solving Aspect
1. The system deals with non-trivial problems.
2. It reduces difficulties in the design task .

3. By using the system an instructor will develop
a test of good quality.

4. Are there any important issues missing?
5. Are there any important features missing?
6. What are the best features of the system?

7. Where should it be modified ?

External Performance

8. It gives the user easy access to alternatives.
9. It asks questions in a consistent manner.

10. The advice is clear.

11. The advice is relevant and adequate.

12. The justification states underlying reasoning.
13. The justification is adequate.

14. It is easy to use as software.

15. The screen display is clear.

16. It reduces time of the administrative tasks.

Knowledge Representation Aspect

17. Tt depicts the expertise properly.

18. The objects, variables & their values are
complete

19 The structure of representation is similar to
your perception of the domain.
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Disagree 1 2 3 4 3 Agree
Notatall 1 2 3 4 5 Significantly
Disagree 1 2 3 4 5 Agree

a dynamic map to show where you
are & doing what.

test data processing and reporting

Notatall 1 2 3 4 5 Significantly
Notatall 1 2 3 4 5 Very much
Notatall 1 2 3 4 5 Very much
Notatall 1 2 3 4 5 Very much
Notatall 1 2 3 4 5 Very well
Poorly 12 3 45 Very well
Notatall 1 2 3 4 5 Very well
Notatall 1 2.3 4 5 Very

cannot determine yet

Notatall 12 3 4 5 Very much
Notatall 12 3 4 5 Very much

Notatall 1 2 3 4 5 Very much












Evaluation Questions to End User 3

Problem Solving Aspect

1. The system deals with non-trivial problems.
2. Itreduces difficulties in the design task.

3. What are the best features of the system?

4. Where should it be modified?

5. Iwould like such a tool to assist me in my
test design work.

External Performance

6. It reduces design time of the administritive
tasks.

7. 1t gives me easy access to alternatives.
8. It asks questions in a consistent manner.

9. The advice is meaningful to me.

10. It improves my understanding of test design.

11. The assistance is tailored to my needs.
12,1 like the structure of the assistance.
13.1tis easy to use as software.

14. The screen display is clear.
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Disagree 1 2 3 4 § Agree

Notatall 1 2 3 4 § Significantly

Notatall 1 23 4 § Very much

Unlikely 1 2 3 4 5 Very likely

Notatall 1 2 3 4 § Significantly

Not at all
Not at all
Not at all
Not at all
Not at all
Not at all

Not at all

12345 Very

123
123
123
123
123
123

4 § Very

4 5 Significantly
4 5 Very much
4 5 Very much
4 5 Very
4 5 Very






User's Manual

At present stage, TAA has not been wrapped up as a stand alone application,
therefore, it is to be run in its programming mode. This manual explains how to run the
six separated knowledge bases.

Figure 1 of this appendix is the algorithm for starting system operation.The
messages in the user's mannual are detailed explainations of the tasks indicated in Figure
1, and the number of the following messages corresponding to the task number in the
algorithm in Figure 1.

Figure 2 of this appendix is a list of files designated to each of the six knowledge
bases. You may use the list to check whether or not all of the files of a particular
knowledge base are loaded into that knowledge base before you can run the knowledge
base.

In the following messages, Bold characters are those which should be typed in or
pressed by you during an operation, and underlined ones are the Intelligent Compiler
operation messages or the operation commands of Intelligent Cornpiler displayed in the
pull dow menus.

If you want to know more about the operation of Intelligent Compliler, please
consult its user's manaual in Computer Lab of Education Department , Concordia
University.

1. Before run a knowledge base (application) make sure that the Intelligent Compiler
version 2.1 has been properly instailed on an IBM PC of = or > one megabyte memory and
with a monochrome monitor. If you want to see the coding of the program, then you need a
color monitor in order to tell the predicates from the other components of the program.

2.Please refer to the manual of Intelligent Compiler for the procedures on how to
install the application.

3. You can enter a knowledge base by typing ICE (representing Intelligent
Compiler Editor) at DOS level. Each of the knowledge bases is supposed to be named
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file name of the knowledge base files when Intelligent Cornpiler asks you the File Name.
Repeat the above mentioned procedure until all of the files have been loaded into the
knowledge base. You need load the files into the knowledge base only once instead of
every time you run that knowledge base.

7. After you have loaded all of the files needed into a knowledge base, you should
exit the Edit mode and go to the Run mode. To go to the Run mode, you press F10 key
to go to the editing menu. Then pull down the Compiler in the menu, use an appropriate
arrow key to point to either Compile without saving or to Save and Compile and press
return (<--' or ret ). During the transaction, Intelligent Compiler will automatically load
all the files into the compiling mode.

8. After the loading is completed, pull down the Compile menu on the top of the
screen, use an appropriate arrow key to point to Run and press return (<--' or ret ).

9. If you want to run another knowledge base, you should go back to the Edit
mode to load the knowledge base into the operation. To go back to the Edit mode, use an
appropriate arrow key to point to Editor and press return (<--' orret ).

10. If you want to run the knowledge base again, stay in the Run mode. Pull down
the Run menu, use an appropriate arrow key to point to Rerun and press return (<--' or
ret ).

* To exit the operation in the Run mode, pull down the Quit menu, use an
appropriate arrow key to point to Done, exit and press return (<--' or ret ).

* To exit the operation in the Edit mode, you press F10 key on the key board to

go to the menu, then pull down the Quit menu, use an appropriate arrow key to point to

Quit without saving and press return (<--' or ret ).

139



Is Intelligence
Compiler installzd

install Intelligent
Compiler

go to the Edit mode to
see current knowledge base

Is this the first time
you are going to run
he knowledge base

establish a knowledge
base for the application

.

load all of the files into
the knowledge base

go to the Run mode
torun the application

8. ¥
Crun the application )“

yes Do you want to
run another

knowledge base

Do you want to
run the knowledge
base again

yes

Figure 1. Algorithm for Starting System Operation
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Appendix 6

Objects and Their Values
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