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Abstract 
Most systematic design procedures for either curricula or courses start from a 
description of educational goals. These goals are then decomposed into more 
specific objectives which are categorized according to some taxonomy of learning. 
The basic idea is that different categories of goals and objectives correspond with 
different optimal instructional methods. However, for complex intellectual skills a 
set of subskills is performed. The ability to perform each of those subskills 
separately does not guarantee that the skills can be coordinated and integrated in 
performing real-world tasks. This problem is known as the problem of 'integrated 
goals' or 'multiple objectives'. This paper argues that educational goals and 
objectives should be seen and treated as highly integrated and interrelated during 
the whole educational design process. Approaches to dealing with multiple 
objectives are discussed. 
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1 INTRODUCTION 

Taxonomies of learning play an important role in the design of curricula, 
instruction and tests. It is common practice to start with a formulation of 
educational goals which are subsequentlyspecified into more specific objectives 
classified according to the desired type of learning. Instructional sequences are 
designed for each of the objectives and often the objectives also form the basis for 
development of tests. This paper questions the usefulness and validity of this 
approach for the design of computer science curricula. In these curricula complex 
intellectual skills, such as database design, interface design, programming, software 
engineering or the design of information systems play an important role. The 
traditional, objectives-based approach to curriculum design yields instruction which 
is too fragmented and piecemeal. It may block the students' ability to apply their 
acquired skills and knowledge in the real world. 

The structure of this paper is as follows. Section 2 discusses some widely used 
taxonomies of learning. Section 3 discusses some problems related to the use of 
taxonomies of learning. Section 4 discusses three approaches for dealing with the 
problem of multiple objectives: case-based teaching, problem-based learning and 
integrating schooling with work. The paper ends with a brief summary and 
conclusion. 

2 TAXONOMIES OF LEARNING 

Taxonomies of learning have a long history. A rather old taxonomy which is still 
widely used was introduced by Bloom (1956). While Bloom described three largely 
independent taxonomies for the cognitive, affective and psychomotor domain, the 
term 'Taxonomy of Bloom' is typically used to refer to his taxonomy for the 
cognitive domain. In this particular taxonomy six types of performance are 
distinguished: 
1. knowledge, 

referring to remembering or recalling facts or generalities; 
2. comprehension, 

referring to the ability to process and interpret information 
and to deduce facts from given information; 

3. application, 
referring to the autonomous use of generalities, such as the 
ability to use concepts, procedures and principles; 

4. analysis, 
referring to the ability to analyse a knowledge domain or product 
in its elements and in relationships between those elements; 

5. synthesis, 
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referring to the ability to build or design a knowledge domain 
or product from a set of elements; 

6. evaluation, 
referring to the ability to judge the quality of a knowledge 
domain or product on the basis of a set of criteria. 
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It is important to note that this taxonomy is not based on a particular psychological 
theory of learning. It was developed from a practical viewpoint and the six 
categories were mainly based on teachers' experiences in the classroom. The main 
goal was to ask more attention for learning goals related to the 'higher' levels in the 
taxonomy such as analysis, synthesis and evaluation. 

Building on the work of Bloom several authors have stressed different aspects 
of educational goals, namely: 
• their implications for designing curricula and instruction; 
• their relationships to subject area profiles; 
• their relationships to different types of educational content; 
• criteria to their formulation in order to be useful for testing. 

2.1 Educational goals and instructional design 

From the viewpoint of instructional design, Gagne (1965) made a number of 
important extensions to the work of Bloom. First, he made clear that specific 
educational goals can often only be determined on the basis of some kind of 'task 
analysis'. Complex intellectual skills often consist of a number of subskills or 
enabling skills; in order to formulate the educational goals for the enabling skills 
the whole skill must be decomposed. Gagne introduced the 'learning hierarchy' as a 
means of decomposition: the complex cognitive skill is at the top and enabling 
skills are lower in the hierarchy. In teaching one starts with the skills lower in the 
hierarchy and successively works towards the skills higher in the hierarchy. 

Gagne also described a taxonomy of learning with clear links to psychological 
theories of learning. For the cognitive domain the taxonomy makes a distinction 
between: 
1. verbal information, 

which category corresponds with Bloom's knowledge category; 
2. intellectual skills, 

which are at the 'heart' ·of the taxonomy of Gagne with five subcategories: 
a. discriminations; 
b. concrete concepts; 
c. defined concepts; 
d. rules; 
e. higher-order rules; 

3. cognitive strategies, 
which are used to integrate and coordinate the performance of intellectual 

skills. 
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This taxonomy reflects the fact that some intellectual skills enable the performance 
of other higher-level skills. For instance, the ability to apply rules or procedures is 
prerequisite to the use of higher-order rules (i.e. problem solving). And the ability 
to apply particular intellectual skills is prerequisite to the use of cognitive 
strategies. In addition, the taxonomy reflects the principle of 'conditions of 
learning', indicating that particular instructional methods are apt to reach particular 
educational goals. Thus, analysing an intellectual skill in its enabling skills and then 
categorizing the enabling skills offers an instructional designer the opportunity to 
select suitable instructional strategies and tactics. 

2.2 Educational goals and subject area profiles 

The hierarchical model of Gagne actually introduced only two types of educational 
goals: performance objectives at the top of a learning hierarchy and enabling 
objectives or learning objectives lower in this hierarchy. More recent theories of 
instructional design, for example (Leshin et al., 1992), expand the task-analytical 
procedures which may be used for the specification of educational goals. A 
common approach is to define a 'job profile' or 'subject area profile' and an 
associated 'educational profile'. For instance, a job profile might make a distinction 
between: 
• parts of a job; 
• duties which make up a part of the job; 
• tasks which make up the duty; 
• operations which describe the performance of the task. 

The associated educational profile then makes a distinction between: 
• terminal objectives which describe the main goals of the whole curriculum; 
• course objectives which describe the goals of the separate courses in the 

curriculum; 
• performance objectives which describe the tasks to be taught in a particular 

course; 
• learning objectives which describe what must be learned to master each of the 

tasks. 

As in the Gagne model, the actual development of instruction is still based on the 
performance objectives and learning objectives. 

2.3 Educational goals and content 

A second refinement to the use of taxonomies of learning was proposed by Merrill 
(1983). He argues that not only the level of performance, but also the 'content' of 
the performance determines the instructional methods which are necessary for 
reaching a particular educational goal. For th~ performance dimension he makes a 
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distinction between remember, use and find. For the content dimension he makes a 
distinction between facts, concepts, procedures and principles. The resulting matrix 
(see Figure 1) yields a taxonomy of 13 types of objectives (three of the cells are 
empty because facts can only be memorized). 

This taxonomy more-or-less mimics Gagne's taxonomy. For instance, the 
verbal information in the Gagne model is specified according to the remember 
levels of performance, the rules in the Gagne model are identical to the use
procedure element in the Merrill model, and so forth. Merrill's Component Display 
Theory for instructional design specifies instructional methods for reaching each of 
the 13 types of learning objectives. 
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Figure 1 Merrill's performance-content matrix. 

2.4 Formulating educational goals 

Mager (1962) was especially influential with his book 'Preparing Instructional 
Objectives' stressing the importance of a clear formulation of educational goals and 
objectives. According to Mager, objectives must: 
• describe observable behaviour; 
• state the conditions under which the behaviour is shown; 
• clearly indicate standards for performance. 
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The work of Mager heavily influenced the field of educational testing. Essentially, 
he stated that the mastery of a knowledge domain could be described in terms of 
reaching specific educational goals or objectives. Each objective should correspond 
with a test item and a complete test should consist of a set of test items 
representative for all objectives. 

2.5 Summary 

Taxonomies of learning invite curriculum designers to decompose educational 
goals until a level where these can easily be classified according to the categories in 
the taxonomy. The concrete goals are often called performance objectives 
(describing desired task performance) or learning objectives (describing what must 
be learned in order to master the task). It is assumed that particular objectives can 
best be reached by the application of particular instructional methods (the 
'conditions of learning'). In addition the objectives often provide a basis for the 
development of tests. The basic claim of the models discussed so far is that 
reaching all the separate objectives ensures that the general educational goal is also 
met. This claim will be questioned in the next section. 

3 PROBLEMS RELATED TOT AXONOMIES OF LEARNING 

The use of taxonomies of learning as a basis for instructional design, as discussed 
in the previous section, is sometimes called a 'part-task' approach, because the 
student is taught only one or a very limited number of subskills at the same time. 
New subskills (as specified by the learning objectives) are gradually added to 
practice and it is not until the end of the instruction that the student has the 
opportunity to practice the whole cognitive skill (as specified by the performance 
objective). This approach proved to be very useful for the design of curricula and 
instruction for relatively simple tasks. However, it also became clear that the 
approach has severe limitations for curricula in which complex intellectual skills 
are central to learning. Needless to say, tasks which require such complex skills are 
very common in computer science curricula. One might think of the design of 
information systems and software engineering, but also of their constituent skills 
information analysis and database design, interface design and programming. 

3.1 Complex skills and multiple objectives 

Many studies contradict the basic claim that a learner is competent in a particular 
field if all learning objectives for this field have been obtained. The general goal of 
performing a complex task in the real world is more than the sum of its parts, that 
is, the sum of its learning objectives. In general, strict part-task approaches only 
seem to work well for skills which can be mastered in less than 20-40 hours, or for 
skills which are not characterized by integrated sets of subskills. The approach does 
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not work well for complex intellectual skills in which the performance requires 
ample coordination of subskills from the learner. This is known as the 'problem of 
multiple objectives'. Performing a particular subskill in isolation is simply different 
from performing it in the context of a whole task. It seems to lead to different 
mental representations (Elio, 1986) and a constituent skill which has been learned 
in isolation can often not be properly performed in the context of the whole task. 
The students are not able to develop a holistic vision of the task. 

3.2 Fragmentation of the curriculum 

The fact that integrated objectives are not easily handled in a traditional, 
objectives-driven approach to instructional design, is also reflected in the structure 
of many curricula which are often experienced by students as too fragmented and 
piecemeal. There is not enough opportunity to integrate and learn to coordinate all 
subskills necessary for performing meaningful whole tasks. The same problem 
arises with testing. Tests with items based on separate objectives give an indication 
of mastery of subskills, but there is no guarantee whatsoever that the student is able 
to integrate those subskills in real task performance. There is also a risk for a 
vicious circle: assessment of students is only based on single objectives which can 
be reliably tested; therefore meaningful task performance characterized by multiple 
objectives (which can not be reliably tested) is not taken seriously in the curriculum 
(see Frederiksen, 1984 ). As a result, students will have great difficulties with 
integrating the acquired skills in real-world tasks. Current constructivist views on 
instructional design and authentic testing, such as anchored instruction, cognitive 
apprenticeship or cognitive flexibility theory acknowledge this problem and stress 
the use of real-world tasks as the basis for instructional design (for an overview see 
Duffy & Jonassen, 1992). 

4 DEALING WITH INTEGRATED EDUCATIONAL GOALS 

In performing meaningful whole tasks the students do not only have the opportunity 
to practice the isolated subskills related to specific objectives, but also to practice 
the integration and coordination of these subskills in a meaningful way. This is 
critical to the acquisition of expertise which is useful in a realistic setting. This is 
not to say that educational goals and objectives are not important in the 
instructional design process. However, the individual objectives are not treated as 
the basis for the design of the curriculum, but as a reference base used to judge the 
usefulness of the whole tasks presented to the students. Each whole task must be 
associated with a set of objectives which are related to each other in a meaningful 
way. The complete set of tasks in the curricu.lum must be representative and 
comprehensive for all objectives and educational goals of the curriculum. The rest 
of this section briefly discusses some examples of such 'whole-task' approaches. 
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4.1 Case-based curricula 

Case-based curricula are popular in fields like medicine and law. In a cased-based 
curriculum the primary unit is the case or case study. See for example Schank and 
Cleary, 1995. Well-designed case studies require students to actively participate in 
actual or hypothetical problem situations in the real world. Often such a case study 
will describe a spectacular event in order to arouse the students' interest: an 
accident, a success story, a disputed decision which turned out all right, and so on. 
A case study in a computer science curriculum might, for example, require students 
to study a very successful human-computer interface for a particular application. 
Such a case provides a natural link between multiple objectives which might have 
to do with the analysis of the task and the user, the interaction styles used (e.g. 
menu's, dialogue boxes, direct manipulation) and their appropriateness for the user 
and the task, screen layout, and so on. As a rule case studies contain questions 
which invite students to think critically about and analyse thoughtfully the 
relationships illustrated in the case. Sprinkled throughout the description are study 
questions and study tasks requiring students to examine the ideas, (counter
)evidence and assumptions relevant to the case. These questions help the students 
to work from what they already know and to stretch their knowledge towards a 
more general understanding. 

4.2 Problem-based curricula 

A case-based approach has its limitations for computer science curricula in which 
especially design tasks are important. Van Merrienboer (1997) describes a 
problem-based approach in which a distinction is made between projects and tasks. 
Projects refer to sets of tasks in which meaningful clusters of subskills or multiple 
objectives are present. For instance, projects in the field of software engineering 
may refer to tasks requiring students to: 
• test and evaluate existing software; 
• modify software to changed specifications; 
• design, document and implement software systems. 

In a sense the projects may be seen as 'parts' of the whole task, but they are chosen 
in such a way that multiple objectives are easily handled. 

In general, each project will encompass a sequence of tasks. All of these 
represent a meaningful, authentic task, but are sequenced from simple to complex. 
Often, an elaborate approach to sequencing is useful, meaning that the first task is 
the simplest task that an expert might encounter in the real world. Subsequent tasks 
are increasingly more elaborated versions of this task. For instance, if there are 
particular conditions that might simplify the performance of the task, those 
conditions might be relaxed one by one when the students acquire more expertise. 
Other approaches to the sequencing of tasks in problem-based curricula. are 
described by Van Merrienboer (1997). What is critical to the selection and 
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sequencing of both projects and tasks is that they are not directed to obtaining 
isolated objectives, but that they offer the opportunity to practice multiple 
objectives in meaningful tasks that an expert might encounter in the real world. 

4.3 Integrating schooling and work 

Some studies (e.g. Carlson, Khoo and Elliott, 1990) indicate that practice on 
isolated subskills, related to single learning objectives, may sometimes be helpful to 
obtaining skill in complex real-world tasks - but only if the learners are able to 
position this practice in an appropriate cognitive context. In other words, practice 
related to isolated objectives is only useful if the students have, beforehand, a clear 
view on how to use this particular subskill in the context of realistic whole-task 
performance. For this reason the integration of schooling and work may be very 
useful for facilitating the transition from schooling to work. Here it is important to 
note that projects to integrate subskills in a realistic context and one or more 
internships early in the curriculum are probably better for reaching this goal than 
integrating projects or an internship at the end of the curriculum. 

5 CONCLUSION 

The main conclusion of this paper is that educational goals and objectives should 
be seen and treated as highly integrated and interrelated during the whole 
instructional design process. Goals and objectives are certainly important in the 
instructional design process, because they determine the content of the curriculum, 
provide a basis for negotiation about this content, and can be used as a reference 
base to judge whether the curriculum is comprehensive. But single objectives are 
not a good basis for the design of instruction for complex intellectual skills. Whole
task approaches provide a way for dealing with multiple objectives. They offer a 
good alternative to part-task approaches that are driven by single objectives and 
may facilitate transfer of acquired skills to the post-instructional environment. More 
and more of such approaches are advocated in the literature. The fact that these 
approaches are not yet widely used may be due to the situation that no reliable 
testing procedures for multiple objectives exist (i.e. 'authentic tests'). As long as 
educational tests are based on items representing single objectives, instead of 
authentic testing situations representing multiple objectives, it will be hard to 
implement whole-task approaches in the curriculum. Students will simply refuse to 
be engaged in rich but demanding learning situations if they receive a traditional 
multiple-choice test afterwards 
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