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 Instructional Design
 Models and the

 Representation of
 Knowledge and Skills

 Sanne Dijkstra

 Introduction

 One purpose of schooling is for students to learn to
 solve problems. They then hopefully will under-
 stand reality, make predictions, anticipate events,
 and after leaving school will be able to function ef-
 fectively in society. Different types of problems
 are involved: theoretical and practical problems,
 well- and ill-structured problems, problems for
 which a solution exists, and problems for which a
 new solution has to be found. For some subjects,
 such as mathematics, computer science, physics,
 and chemistry, it is clear that a major objective is
 to promote the students' problem solving skills.
 For other subjects, such as history, this objective
 may be less clear, but, essentially it is also a major
 objective. Learning to solve problems means that
 students have to acquire and construct knowledge
 and that they have to learn and practice a skill.

 Instructions for learning to solve problems in-
 clude both the relevant knowledge about the prob-
 lem situation and how to apply this knowledge.
 This is shown in examples relating to sequences of
 operations or demonstrating a problem solving
 method. Then the skills involved in solving a cate-
 gory of problems are practiced until the criterion
 performance is reached. At a minimum, the stu-
 dents are required to solve the problems in the
 domain of the course. Often it is also expected that
 the students should solve "new" problems, which
 have some degree of similarity with the instruc-
 tional problems. To assess this objective, a transfer
 test is administered.

 Sanne Dijkstra is Professor of Education at the University
 of Twente, Division of Instructional Technology, Depart-
 ment of Education, Enschede, The Netherlands. The author
 would like to thank Dr. B. Collis for linguistic advice in the
 preparation of this article.

 The instructional designer and probably also the
 teacher are aware of these general requirements.
 Once they have a clear image of the goal structure
 of the knowledge they wish the student to acquire
 and a clear description of the steps the student has
 to go through to solve the problem, they design the
 instructional treatments. How to do this? The in-

 structional treatments depend on the type of prob-
 lem, the structure of the knowledge, and the type
 and number of operations which are necessary to
 solve the problem. Thus, the instructional designer
 needs a description of the category of problems
 and of the knowledge and skills which are related
 to that category.

 Most instructional design theories start with a
 description of the structure of knowledge and skills.
 Once this structure is made clear, an instructional
 design model is selected and the instructional treat-
 ments are developed. This may seem quite straight-
 forward, but the designer faces a problem: the dif-
 ferent instructional design theories do not show
 much similarity in the way they describe "knowl-
 edge and skills." Sometimes even the labels "knowl-
 edge" and "skills" are not explicitly used.

 For example, Gagne, Briggs, and Wager (1988)
 use a one-dimensional classification system. They
 describe knowledge and skills in terms of learning
 outcomes or learned capabilities. Merrill (1983,
 1987) uses a two-dimensional classification system:
 type of content and type of performance. Landa
 (1983) makes a Clear distinction between knowl-
 edge and skills and emphasizes their interconnec-
 tedness: the learning and practicingof skills requires
 knowledge. In Landa's description the object is
 paramount. Knowledge of objects emerges in three
 forms: first as a perceptive image (a person can
 watch an object); second, as a mental image of an
 object (a representation which is available even
 though the object is not actually present); and
 third, as a concept (a form of knowledge that rep-
 resents an object as "a set of its characteristic fea-
 tures"). A concept can be expressed as a proposi-
 tion. However, this is not necessary, because a per-
 son can have a correct concept of an object, but
 may not be able to give a correct definition of it.
 Other types of knowledge about objects, e.g., their
 relations with other objects, are formulated as
 propositions, thus, definitions, axioms, postulates,
 laws, and rules are all propositions.

 A skill, Landa states, is an ability to apply knowl-
 edge. A skill manifests itself in special actions on
 objects or on their representations. These actions
 are called operations. Motor or material operations
 transform material objects, whereas cognitive oper-
 ations are those operations that transform the men-
 tal representation of objects, both images and con-
 cepts. Moreover, propositions also can be trans-
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 formed, which includes transformations of laws,
 rules, and so on.

 Synthesis and Extension

 Knowledge and Skills
 Thus, there are differences in the ways that the

 description of knowledge and skills for purposes of
 instruction can be described. These types of theo-
 retical differences, however, are not of much help
 to instructional designers. Moreover, it remains un-
 clear how students construct their knowledge and
 how the construction of knowledge is dependent
 upon and interacts with the activity in learning a
 skill.

 In this article these differences will be addressed

 and the author's proposal for a synthesized descrip-
 tion of knowledge and skills will be presented. The
 labels to denote the knowledge types are borrowed
 from cognitive psychology. To solve a problem,
 both declarative and procedural knowledge are
 used (Anderson, 1982, 1988). Declarative knowl-
 edge is further categorized in conceptual and causal
 knowledge. Finally, meta knowledge is distinguish-
 ed. A distinction between the description of static
 and dynamic situations and their interdependencies
 will be made. Further, the use of existing knowl-
 edge and skills will be separated from the construc-
 tion of new knowledge and skills, as in scientific
 experiments.

 Knowledge can be broadly defined as the internal
 or external representation of objects and their law-
 ful relationships. Similarly, skill is the ability to use
 the knowledge effectively and readily in solving
 both well- and ill-structured problems. In both
 these definitions, the object or entity of the knowl-
 edge and skills is a paramount consideration.

 Conceptual Knowledge
 The first category of declarative knowledge re-

 lates to facts, and to class and relational concepts.
 This category is labelled conceptual knowledge.
 The acquisition of this knowledge generally takes
 place as a result of a problem solving process.
 Learning of skills and acquisition of knowledge in-
 teract. As soon as a label has been given to an ob-
 ject, and its defining features are known, generali-
 zation is possible and new conceptual knowledge
 can be acquired. Gagne, Briggs, and Wager (1988)
 label this kind of knowledge as verbal information.
 The following example is taken from Dijkstra
 (1990).

 Learning to read a map is a skill which develops
 gradually. A nine-year-old child learns to draw and
 use a plan of his/her classroom, e.g., the child marks
 the location of his/her chair. Then a plan of the
 school and schoolyard is drawn. The child checks

 the scale by walking along its borders and measur-
 ing their lengths. Then a part of the city area or the
 village involved is somehow drawn or designated.
 The child marks his/her home and walks a familiar
 route between the home and other locations. Later,
 road maps and other maps of states and nations be-
 come meaningful. Once the skill of reading a local
 map is developed it generalizes to reading a map of
 any area in the world. The skill of reading the sym-
 bols of a legend makes it clear which knowledge
 can be abstracted. This kind of reading shows the
 location of industries, forests, lakes, oceans, vil-
 lages, and towns, and roads connecting them, as
 well as other features. This means that the knowl-

 edge represented in a map becomes meaningful and
 possibly can be represented in memory. The basis
 of instruction, then, is first at a "do" level: Draw
 (or copy) a plan of a personally known and limited
 area, mark your seat, and so on.

 Facts, Class, and Relational Concepts
 This early instruction has a clear object to de-

 scribe: the classroom or the school. The activity
 refers to the structure and parts of the object. This
 stage of instruction is elaborate. It requires abstrac-
 tion from the real situation. The whole and its

 parts are labelled, the symbols are presented and
 copied. This is the declarative stage as described by
 Anderson (1982). The knowledge involved refers
 to facts. "This is a plan of our classroom." "A line
 represents a wall." "One centimeter represents one
 meter," and so on. Later, a conceptual level is
 reached. Both class and relational concepts are con-
 structed and represented. For instance, in further
 reading a map, a village of under 500 inhabitants is
 shown by a black dot. A village of 500 to 2500 in-
 habitants is shown by a small open circle, and a vil-
 lage of 2500 to 5000 by a black dot in an open cir-
 cle. Construction of conceptual knowledge in this
 example means that a class concept "a village is a
 community of up to 5000 inhabitants" is acquired.

 In the same way relational concepts are con-
 structed: "Syracuse is located in New York" or
 "Philadelphia is located in Pennsylvania." These
 facts generalize to "a city is located in a state."
 In this way more relations between cities and states
 are identifiable: "objects" are developed, e.g., ... is
 the capital of ..., ... is the biggest city in ... and re-
 lations between cities are developed: ... is at a 20-
 mile distance from ..., ... is across the river from
 ..., ... is north from ..., etc.

 Instruction for the Acquisition of Conceptual
 Knowledge

 Construction of this kind of knowledge is sup-
 ported by instruction, both expository and inquisi-
 tory. Thus, the instructor makes a statement like:
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 "Often you will find a city located at a river," or
 "Can you show me on which river Philadelphia is
 located?"

 The above example shows that the student is
 active. His actions are stimulated by problems such
 as "What represents your chair, your classroom?"
 or by instructions such as "Mark your chair." The
 student's cognitive and motor activity are both
 necessary for the knowledge construction.

 Instruction for learning to solve categorization
 problems has to meet a number of general criteria.
 The first problems which are presented to the stu-
 dents should be embedded in a situation which is

 familiar to him or her. They should be simple and
 include the minimum number of operations. The
 instruction should advance the abstraction of rele-

 vant features of the objects on which the opera-
 tions are defined. Later, the problems presented
 will be more complex and contain more irrelevant
 features, and the number of operations to solve the
 problem will be increased. The instructional treat-
 ments should promote the construction of knowl-
 edge from the example problems, both the knowl-
 edge of the objects and of their relationships.

 The Representation of Conceptual Knowledge
 It is supposed that knowledge about facts is rep-

 resented in memory as a network of propositions
 (Stillings et a!., 1987). The network also can con-
 tain general propositions, such as "Streets are
 drawn by lines." The cluster of general propositions
 which are attached to one or more concept node(s)
 is labelled a conceptual schema. The schémas are
 abstractions, which allow people to assign particu-
 lar objects to general categories or to specify gen-
 eral relations between objects.

 Procedural Knowledge and Skills
 Knowledge about facts, about categories of ob-

 jects, and about relationships between two or more
 objects constitute the overall domain, "conceptual
 knowledge." Conceptual knowledge, in turn, is
 part of the overall category of "declarative knowl-
 edge." Declarative knowledge is developed by solv-
 ing problems. The performance of the procedure or
 operations needed to solve the problems constitutes
 the skill. In order to develop or find the conceptual
 knowledge, the important skills are the recognition
 of features and the application of identification
 procedures. These skills are practiced in the cate-
 gorization of plants, animals, buildings, paintings,
 etc. Another example is the skills involved in diag-
 nosing an illness. Based on a number of features,
 the physician decides which illness the patient suf-
 fers.

 The procedures which are used to find the rela-
 tionships between objects do not have a single label

 for categorization. Some procedures are identifica-
 tion procedures. If you want to know who within a
 group of adults is the father or the mother of a
 child, you simply can ask. If you wish to find the
 functional relationship between the elements of a
 domain and the elements of a range, you first have
 to construct a set of equations with one or more
 unknowns. Then you have to solve the equations
 and evaluate the unknowns. This procedure can be-
 come complex. Moreover, it requires abstraction
 from "real" objects. Those objects become ele-
 ments in a set which has a relationship with another
 set.

 By frequently solving the problems in a particu-
 lar domain, students develop domain-involved
 knowledge and become more proficient in apply-
 ing domain-involved skills. The skills become pro-
 ceduralized (Anderson, 1988). If different prob-
 lems in a domain, increasing in level of difficulty,
 are solved, the students develop from "novice" to
 "expert" (Glaser, 1990).

 Complex Conceptual Knowledge Structures
 Thus far three general skills have been identified.

 The first is to recognize a single object, the second
 to identify objects which belong to a certain cate-
 gory, and the third is to find or discover a relation-
 ship between objects which either belong to the
 same category or to different categories. These gen-
 eral skills are used to classify every object or ob-
 jects, either real or imagined. Thus, it is possible to
 imagine a category or a relationship as an object.
 For example, a relationship can be categorized as a
 certain type of relationship because it has the de-
 fining feature for that type of relationship. In this
 way the learner's body of conceptual knowledge
 becomes complex. An instructional designer always
 should be aware of this structure. An instructor
 should make instructive statements which contain
 steps relating to the identification and establish-
 ment of the relationships among objects in a
 domain.

 Interaction Between the Acquisition of Knowledge
 and the Learning of a Skill

 As stated before, the learning of skills and the
 development of knowledge interact. Instruction
 can be temporarily directed to knowledge acquisi-
 tion or to learning and practicing (parts of) a skill,
 but the development of one of these processes in
 isolation may become meaningless.

 The interaction between the acquisition of
 knowledge and the learning of a skill is further il-
 lustrated by an extension of the example of learn-
 ing to use a map. The expert-level skills of using a
 map first include being able to identify the in-
 formation presented on the map based on one's
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 Table 1

 Types of Knowledge, Related Problems, and Relevant Skills

 Knowledge Type Problem Relevant Skills

 Conceptual knowledge

 Fact What is the name of this Recognition
 single symbol, object,
 event?

 Concept
 class concept To which category does Identification operations

 this object belong? Categorization
 relational concept What is the relationship Identification operations

 between these objects? Application of problem-
 solving procedures

 Causal knowledge

 Condition and biconditions What will happen after a Making predictions by
 (series of events, process, certain time lapse? application of the lawful
 causal chain) relationships

 Meta knowledge

 Plans, strategies How to plan, how to Thinking skills, self-
 attack a problem? regulatory skills

 prior conceptual knowledge. This ability to identify
 means that villages, towns, roads, etc., can be cate-
 gorized and their locations found. A navigator,
 who wishes to find his ship's position at sea, first
 must know about the grid system which is used to
 structure the surface of the earth. He has to know

 the relationship between meridians and parallels
 (... is perpendicular to ...). He further has to know
 which method is used to project a part of a sphere
 on the flat surface of a map. Finally, he must know
 how degrees and minutes are translated into dis-
 tances in sea miles.

 The procedures that can be used to find a loca-
 tion are numerous. Suppose we wish to solve the
 problem: Where is the city of Vlissingen in the
 Netherlands? First we try to find a map of the
 Netherlands. Then we consult the alphabetical in-
 dex. Then other actions follow. This procedure in-
 volves a number of steps or identification opera-
 tions. These steps are put into a sequence based on
 the principle of investing the least possible effort.
 The resulting sequence is called the "production
 system" used to solve the problem (Anderson,
 1982). At each step, the relevant knowledge (or
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 condition) is connected with an appropriate opera-
 tion (or action).

 Conceptual Knowledge and Instructional
 Design Models

 Thus far, knowledge and skills have been describ-
 ed for static situations where the object does not
 change. Table 1 shows the main categories of con-
 ceptual knowledge, the related problem, and the
 procedural knowledge in their simple forms. In
 complex forms conceptual structures can be dis-
 tinguished. This can include both class-conceptual
 structures and structures of relational concepts or
 combinations of both kinds of structures. An ex-

 ample of a class-conceptual structure is a taxon-
 omy and a family tree is an example of a relational
 conceptual structure.

 Instructional design models for the teaching of
 concepts generally relate to class concepts (Merrill
 and Tennyson, 1977; Tennyson and Cocchiarella,
 1986). In these models the presentation of prob-
 lems takes place in the "interrogatory example"
 phase. However, there is no clear instructional de-
 sign model for the teaching of relational concepts.

 Causal Knowledge
 Objects and situations change, based on the prin-

 ciples of nature or because of transformations per-
 formed by people. A transformation is caused by
 performing one or more operations on an object.
 Mathematical "objects" are changed by applying
 mathematical operations. Usually a "system of
 operations" is performed on an object, which de-
 fines a series of changes; this is labelled a "process."
 Such processes are comprised of many different
 operations on different objects, these becoming
 parts of new objects, which, for example, is the
 case in a production process.

 Changes occurring in objects and situations are
 described in series of events, production processes,
 and causal chains. A closer look at this statement
 shows that class and relational concepts are basic
 ingredients for the description of objects and
 their relationships, both of which are involved in
 the overall process. These class and relational con-
 cepts are the vehicles of thinking. Changes in ob-
 jects or situations are described in conditional and
 biconditional statements, which sometimes take
 the form of laws. In this section causality is con-
 ceived as statistical causality. Such conditional
 statements and laws encompass the content of the
 empirical sciences, such as physics, chemistry,
 biology, and economics.

 Instructional design theorists use different labels
 to denote the content of causal knowledge. Merrill
 (1983) used the label "principle," which is also I

 used by Reigeluth and Stein (1983). Gagne, Briggs,
 and Wager (1988) use "higher order rules." Collins
 (1977) and Collins and Stevens (1983) denote this
 type of knowledge as "mini-theories," "causal de-
 pendencies," and "causal structures." Analysis
 of the example problems used by the instructional
 design theorists shows that the main issue is how to
 predict what will happen to an object or how it
 will change after a certain time lapse. These changes
 are caused by something else; understanding this
 allows one to interpret the change.

 Representation of Causal Knowledge
 Chains of events and causal chains have been de-

 scribed as being represented in memory in "scripts"
 (Schank and Abelson, 1977) and in "qualitative
 process models" (Anderson, 1988). This kind of
 knowledge of series of events, processes, and causal
 chains is constructed by questioning pertinent data
 and making inferences. A knowledge base is changed
 by making wrong predictions about what will hap-
 pen in a certain process or in a certain situation.

 The Use of Knowledge and Skills in
 Making Predictions

 To predict what will happen involves both
 knowledge and skill. To illustrate this, a problem
 will be discussed.

 Suppose a ship is sailing from Britain to Rotter-
 dam harbor. The navigator and the ship's captain
 have carefully calculated the compass course. As
 soon as they are able to verify their position, they
 discover that the pattern of the buoy's flashing
 light does not correspond with the pattern they
 had expected. Their prediction is wrong, which
 means that their position by dead reckoning has to
 be corrected. However, a new calculation delivers
 the same prediction, which already appeared to be
 wrong. What to do now? The repeated calculation
 showed the mathematical operations were applied
 correctly. What caused the wrong prediction? If
 the navigator and the captain find no mistakes in
 the application of the mathematical operations,
 and they are sure the measurement apparatuses are
 well-calibrated, they must then review the relevant
 knowledge. Thus, they will reconsider the wind
 force and its effect on the ship's drift, the ocean
 current and the deviation it causes, and so on.
 These considerations will probably lead to a change
 in parameter values, and then a recalculation can
 be made. They then immediately will again try to
 verify their prediction.

 This example shows how a wrong prediction
 first leads to a recalculation and then to a review of
 relevant knowledge. These actions may result in
 changing a value of a variable or a change of a plus
 or minus sign. The variable itself in this case is not
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 reformulated. Nor do the persons search for another
 variable which may have caused the deviation.
 Their mental models remain the same.

 Further, the example shows the instructive nature
 of the situation (Brown, Collins, and Duguid,
 1989). The reality at sea provides the feedback,
 not the teacher. The feedback is intensive. The real

 position may mean a possible danger. Of course,
 this type of situated cognition cannot be realized
 at school. The teachers of nautical colleges first
 present "paper and pencil" problems to their stu-
 dents. These problems are an abstraction of the
 real situation. Nevertheless, they contain the neces-
 sary instructions to develop the knowledge, and
 practice the skills that will be needed on the real
 setting. The students are required to make predic-
 tions. What will be the ship's position after a cer-
 tain time lapse? What will be the depth of the
 channel?, and so on. The instructional problems
 are designed to make predictions possible.

 Instructive Questions to Promote
 Knowledge Acquisition

 The search for causal factor can be stimulated

 by the teacher's instructive questions. For example,
 the instructor can deliberately make wrong predic-
 tions. This kind of technique can become part of
 the instructional dialogue. The wrong predictions
 are based on the student's incomplete knowledge
 and are made to support the inference process and
 the process of knowledge construction (Collins
 1977, 1988; Collins, Warnock, Aiello, and Miller,
 1973). As, an example; the causal chain describing
 the process of growing rice reads: If rice is planted
 (a) and the area is flooded (b) and the soil is fer-
 tile (c) and there is a warm temperature (d) then
 and only then rice will grow (q). This is a bicon-
 ditional statement [aAbAcAd) <- > q]. We must
 assume that the concept of "plant" and the chain
 of events of a plant's life cycle are known by the
 student. This background knowledge makes the in-
 structional dialogue possible. Suppose a student
 answers the question "Why do they grow rice in
 China?" by stating: "They have lots of rain to sup-
 ply water for rice growing." A wrong prediction by
 the teacher in an inquisitory format can now pro-
 mote the knowledge construction process, if, for
 example, he asks, "Do they grow rice in Ireland
 then?" This means that the student will have to

 search for another variable to be part of the bi-
 conditional relationship.

 The example shows that knowledge is developed
 by first interpreting a fact as an effect or a causal
 factor. If this factor does not explain other facts a
 contradiction arises and the student will search for
 a new factor. The factors are combined with a

 causal structure or knowledge network, which is

 then used to make more accurate predictions. This
 knowledge will not be modified if there is no ex-
 ternal evidence which shows it is wrong or if there
 is no person who says that it is wrong. However, a
 wrong prediction does not necessarily involve the
 modification of knowledge. This happens in the
 case of more ill-defined cause and effect relation-
 ships.

 The instructional dialogues again make clear that
 example problems should be designed so that they
 advance the development of knowledge. The dia-
 logues further show that knowledge is acquired by
 reasoning and by using a general framework such
 as, "the life cycle of a plant." The skill of cultivat-
 ing rice is not practiced.

 Prediction and Discovery Worlds
 To realize the interaction between the acquisition

 of knowledge and the learning of a skill, a simula-
 tion or discovery world can sometimes be used.
 Suppose the chain of events in an electric circuit is
 simulated in a computer program, which also pro-
 vides feedback to the student's predictions. What
 happens somewhere in the circuit is predicted,
 based on scientific or theoretical knowledge. This
 knowledge involves classifications such as charge,
 atoms, neutrons, electrons, and relationships be-
 tween variables relating to the energy source and
 the elements of the circuit, such as resistance and
 conductivity, voltage and ampere. The skills related
 to this knowledge are the identification of the ob-
 jects and their features and the prediction of future
 events. There predictions, again, are made by cal-
 culations based on lawful relationships in the sys-
 tem, described by mathematical functions. Central
 to the acquisition of knowledge is the formulation
 and testing of hypotheses. This is made possible by
 experimentation, by using observations and empiri-
 cal findings in such a way that knowledge will be
 constructed systematically; for example, by chang-
 ing only one variable its effect can be made clear.
 So-called "discovery worlds," which enable the stu-
 dent to make predictions and inferences, have
 other advantages as well.

 Especially in operator training, a simulation can
 immediately provide opportunities to practice fault-
 management skills, which in the "real" situation
 can hardly be practiced, either because those op-
 portunities to practice the skills are rare or other-
 wise, because wrong actions may lead to hazardous
 consequences (Jelsma, 1989).

 The label "causal knowledge" is used for both
 conditional and biconditional statements, for the
 descriptions of series of events, and for (produc-
 tion) processes.

 As far as possible, instructional problems should
 be designed in such a way that both the develop-
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 ment of knowledge and the practicing of a skill can
 be realized.

 The label does not mean that a human or a
 mechanical action is always involved in order to
 have a certain effect. It is also used for the inter-

 pretation of change of empirical objects, e.g., "a
 decrease in temperature 'causes' the leaves to fall."

 Meta Knowledge
 Meta knowledge involves the knowledge of how

 to plan and develop strategies for addressing a
 problem, how to practice a skill, and how to re-
 hearse knowledge. This kind of knowledge relating
 to how to plan includes both general and specific
 approaches for solving a problem. It also includes
 the way in which the plan is represented. The
 metacognitive skills include the self-regulatory
 skills, such as spending time to practice a particular
 skill and monitoring one's progress. Campione and
 Brown (1990) consider the metacognitive self-
 regulatory skills to be, for the most part, respon-
 sible for differences in learning and transfer results.
 These monitoring activities should thus be addressed
 explicitly in instruction.

 Conclusion

 The presentation of problems to students serves
 two purposes. The student has to be active to solve
 the problems. Moreover, the student will have an
 opportunity to synchronize the acquisition of the
 knowledge with the gradual development of the
 associated skills. The making of classifications and
 the evaluation of prediction errors will advance the
 modification of knowledge. The first stage of the
 learning process, the declarative stage, is time-con-
 suming. If the student is missing a step or opera-
 tion, help has to be provided. Once the procedure
 is learned, compiled, and carried out automatically,
 new, comparable knowledge which is developed by
 the same problem solving procedures can be pre-
 sented. Now the student can read the knowledge
 ("information") without solving the related prob-
 lems. In case the knowledge no longer belongs to
 the same domain, new problems will have to be
 presented. And again the construction of new
 knowledge and the training of the skills to use this
 new knowledge take place concurrently. Because
 problems are presented, the student finds or dis-
 covers new "things": names of objects, features of
 objects, and lawful relationships between objects.
 In the case of causal chains and processes, the stu-
 dent tries to describe the regularities and develops
 an interpretation.

 For a student, to solve problems and discover
 "things" is not the same process as that used by a
 scientist doing experiments. In instruction, the
 problems are designed in a systematic way, so that

 the student can construct the required knowledge
 and develop a problem-solving procedure within
 the domain of the course. In a science, the experi-
 menter makes a prediction based on an hypothesis,
 which he/she in advance has constructed as "new"
 knowledge. However, the process of discovering is
 important for learning. The student makes predic-
 tions as to which category an object belongs, what
 is the relationship between objects, how the object
 will change, and what will happen after a certain
 time lapse. This process not only develops knowl-
 edge consistent with reality and modifies wrong
 assumptions together, but also involves the training
 of appropriate skills. Once a skill is proceduralized,
 it is possibly better remembered, because it is more
 directly related to knowledge. The latter knowl-
 edge is meaningful because the student constructed
 it him/herself from reality, together with the devel-
 opment of a skill. The knowledge becomes a con-
 dition for adapting the problem-solving procedure
 to the characteristics of the problem situation.

 It now becomes clear that the learning of knowl-
 edge and skills should preferably take place jointly,
 and that the "find" level (Merrill, 1983) is of im-
 portance in the acquisition of both. If knowledge is
 constructed and a skill is proceduralized, then they
 can be used. This is Merrill's "use level." Problems

 involving finding a fact, categorizing an object,
 determining relationships, or interpreting an event
 have their own typical procedures for solution. A
 person can be skilled in the application of a certain
 procedure. The training of a skill without paying
 attention to the problem and the related knowledge
 means that the skill is learned by rote. The prob-
 lem can no longer be solved if it is too redefined or
 changed.

 For instructional designers the analysis of knowl-
 edge thus far means that instructional design
 models should be developed for different kinds of
 knowledge and skills and should include the "prob-
 lem" category. Moreover the object or entity and
 the operations defined on it should be paramount.
 It is supposed that any problems can be reduced to
 a very simple structure. This structure has to be
 presented to the students. Then they will be able
 to construct their own knowledge together with
 their practice of the associated skills. □
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 MEDIA & YOU
 This new curriculum guide is based on the con-

 cept of Media Literacy as the ability to read, ana-
 lyze, evaluate, and produce communication in a
 variety of forms. Instead of going "back to the
 basics," Media & You propels students "ahead to
 the basics"- the critical skills needed to prepare
 students for their electronic futures. Teachers look-

 ing for strategies to address the increasingly active
 worldwide media environment now have a place to
 start.

 Media & You is an answer for teachers who are

 stymied by their students' media use. Instead of
 fighting media, teachers can now enlist their stu-
 dents' media skills in efforts toward a total kind of

 literacy. Teaching about media opens up worlds of
 exciting possibilities for the classroom.

 Educational Technology Publications
 v H ) 700 Palisade Avenue
 i H Englewood Cliffs, New Jersey 07632

 Please forward a copy of Media & You: An Elementary Media Liter-
 acy Curriculum , by Donna Lloyd-Kolkin and Kathleen R. Tyner, at
 $29.95.

 Name

 Address

 City

 Note: AH orders under $60.00 are payable in advance. All orders by
 individuals, of any amount, are payable in advance. Institutions plac-
 ing orders for $60.00 or more are to use official institutional purchase
 order forms or may pay in advance, at their option. Publisher pays
 all postage and handling on orders paid in advance.
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