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Introduction 

Understanding the theories and concepts in a subject is not equivalent to rote learning facts. University students should aim at high levels of understanding of their subject, as well as the development of effective learning and information processing skills. This article contains a brief outline of relevant concepts of learning that should assist students to think critically about their own education. It discusses the nature of learning at university level, how information relates to knowledge, and describes different levels of cognitive reasoning that differentiate between surface and deep understanding of knowledge.
How does learning occur?
How do we learn? Is learning a process of assimilating facts and information that we later reproduce? This might be possible for certain facts but if the facts are all unrelated, it is hard to remember them. Learning is much easier if connections can be made between ideas and facts. How can these connections be made? Can fixed rules be applied? As students we may learn to follow rules or to perform fixed processes which are always the same, for example, to a laboratory procedure such as setting up an electric circuit from a diagram, or routine clinical procedures such as taking a patient’s blood pressure. But learning sets of rules is not enough when we need to solve problems we have never seen before or when we want to design something new. We need something else. So it appears that useful learning is an interactive and complex process where knowledge is constructed from a variety of sources. What we learn depends on how we relate new ideas with what we already know, and the processes of discussion and interaction with those we talk to about these ideas.
Another way to understand our learning process is to look at the diversity of beliefs about ways of learning. There are two contrasting views as to what constitutes learning. There are academic teachers who think of learning as reproducing knowledge and others who think of learning as a process in which understanding is constructed by the student with the assistance of the teacher (e.g. Trigwell, Prosser & Taylor, 1994). Among academics in the field of education, this is often called the instructivist/ constructivist divide.
An instructivist approach is characterized by the use of ‘directed instruction’, the focus of which is often placed on teaching sequences of skills beginning with lower level skills building towards higher level ones. In general, the instructivist approach is associated with traditional methods of teaching and assessment such as the use of lectures, activities done individually, worksheets and exercises, and tests with specific expected responses. 
In contrast, the constructivist approach focuses on learning through posing problems, exploring possible answers, and developing products and presentations. The emphasis in teaching lies in the use of alternative learning and assessment methods such as exploration of open-ended questions and scenarios, doing research and developing products, building up student portfolios, working together in teams, using performance checklists, and having tests with open-ended questions.
How well do these two different viewpoints on learning serve the purpose of education, especially if we take a lifelong view of learning? What are the essential skills and capacities that students ought to be developing in the course of their university education in the 21st century? Having to cope with an uncertain future calls for a variety of intellectual, interpersonal and personal capabilities. Some of these capabilities are critical thinking, creative thinking, self-managed learning, adaptability, problem solving, communication skills, interpersonal skills and groupwork, and computer literacy. It has been argued that ‘directed instruction’ may be useful in many specific situations but our ultimate goals in education are ‘constructivist’. 
Knowledge and information

The difference between information and knowledge is often not clearly defined, and indeed there often a strong overlap in normal conversation. The analogy of the difference between the bricks and mortar, and the house can be useful. Information is the bricks, and learning skills and processes constitute the mortar. Combining ‘bricks’ of information together using appropriate strategies (mortar) can result in a new house of knowledge. Knowledge is constructed from information. Thus, an information-literate person is someone who can find, select and use the best information for any given task. 
[The sections above have been adapted with permission from the publisher from McNaught, Storey & Leung (2004).]

Levels of cognitive reasoning
In this section we offer two models for looking at levels of cognitive reasoning. The first, Bloom’s taxonomy, focuses on ways to classify types of knowledge in a discipline area. The second, the SOLO taxonomy, focuses more on the quality of the work students produce to demonstrate their understanding of the subject domain.
1. Bloom’s taxonomy 

Good learners are able to acquire deep understanding of the subject matter, and that means more than the ability to retrieve remembered facts and concepts. Bloom’s taxonomy, as described below, is one way to look at the reasoning levels that are involved in coming to have a high level of understanding of a subject. 

The educator, Benjamin Bloom, in 1956 came up with a schema, the Bloom’s taxonomy, which outlined a range of cognitive reasoning levels (Bloom, 1956). The first version of the taxonomy listed six categories of cognitive reasoning: 
1. knowledge
2. comprehension
3. application
4. analysis
5. synthesis
6. evaluation
The knowledge level of the original taxonomy is concerned with the retention of information. Comprehension refers to the understanding of this retained knowledge. At the application level, learners apply the theories and concepts to practical situations. At the analysis cognitive level, learners are able to further break down the knowledge and concepts in a scenario into their sub-components. The last two levels of cognitive reasoning are synthesis and evaluation. Synthesis focuses on the assembly and putting together of the learned knowledge in new ways. Evaluation is concerned with learners making value judgments about what they have learnt and produced. 

There has been a great deal of debate about two aspects of the original Bloom’s taxonomy. Firstly, the ‘knowledge’ level has always been somewhat problematic because the word knowledge in common usage has a broad range of meanings. The revised Bloom’s taxonomy (Anderson & Krathwohl, 2001; Krathwohl, 2002) tackles this challenge and uses two dimensions instead of one. The knowledge dimension now clearly classifies and distinguishes between forms of knowledge: factual knowledge, conceptual knowledge, procedural knowledge and metacognitive knowledge. Anderson and Krathwohl (2001) described factual knowledge as “knowledge of discrete, isolated content elements”; conceptual knowledge as involving “more complex, organized knowledge forms”; procedural knowledge as “knowledge of how to do something”; and metacognitive knowledge as involving “knowledge about cognition in general as well as awareness of one’s own cognition” (p. 27). 

Secondly, the order of synthesis and evaluation has been reversed as the current consensus is that in order to produce something new, a process of judging and decision-based selection needs to have already occurred. The revised Bloom’s taxonomy is in Table 1.
	
	The cognitive process dimension

	
	Remember
	Understand
	Apply
	Analyse
	Evaluate
	Create

	The knowledge dimension
	Factual knowledge
	
	
	
	
	
	

	
	Conceptual knowledge
	
	
	
	
	
	

	
	Procedural knowledge
	
	
	
	
	
	

	
	Meta-cognitive knowledge
	
	
	
	
	
	


Table 1: The revised Bloom’s taxonomy

Further, the categories in the cognitive process dimension are listed as verbs in order to emphasize the activity nature of this dimension. Some verbs associated with each of the cognitive reasoning levels are listed in Table 2.
	Remember
	recognize, recall

	Understand
	interpret, exemplify, classify, summarize, infer, compare, explain

	Apply
	execute, implement

	Analyze
	differentiate, organize, attribute

	Evaluate
	check, critique

	Create
	generate, plan, produce, design


Table 2: Verbs associated with levels in the revised Bloom’s taxonomy
2. The SOLO taxonomy
What does the work of a person with a high level of understanding look like? In order to judge whether students clearly understand concepts, it is necessary to examine the work they produce when they are trying to solve problems or explain complex concepts. In the 1980s, two researchers, John Biggs and Kevin Collis, produced a systematic way of describing levels of performance. 
The Structural Observation of Learning Outcomes (SOLO) classification or taxonomy (Biggs & Collis, 1982; Biggs, 1999) describes a student’s understanding of a subject in five levels of increasing complexity. These are described in Table 3. In column 1 the terms originally used by Biggs & Collis (1982) are given in brackets. The images in column 2 were developed by Biggs to give a visual explanation of the differences between the levels. In column 3 a number of verbs have been included. Notice how similar they are to the verbs in Table 2. There is synergy between the two taxonomies or schemes of classification; as stated earlier one focuses more on the discipline domain (Bloom) and the other on learner’s demonstration of their level of understanding of that discipline domain (SOLO). 
The SOLO categories can be described as:

· Unanticipated extension: Coherent whole is generalized to a higher level of abstraction. Students’ works under this category are well structured with clear introduction and conclusion. Issues clearly identified; clear framework for organizing discussion; appropriate material selected. Evidence of wide reading from many sources. Clear evidence of sophisticated analysis or innovative thinking.
· Logically related answer: Several concepts are integrated so coherent whole has meaning. Students’ works under this category are fairly well structured. Some issues identified. Attempt at a limited framework. Most of the material selected is appropriate. Introduction and conclusion exists. Logical presentation attempted and successful in a limited way. Some structure to the argument but only limited number of differing views and no new ideas. 

· Intermediate: Some aspects of question addressed but no relationship of facts or concepts. Students’ works under this category are poorly structured. A range of material has been selected and most of the material selected is appropriate. But the quality of work shows little attempt to provide a clear logical structure. Focus on a large number of facts with little attempt at conceptual explanations. Very little linking of material between sections in the report. 

· Multiple unrelated points: Preliminary processing but question not approached appropriately. Students’ works under this category have poor structure. One issue identified and this becomes the sole focus; no framework for organizing discussion. Dogmatic presentation of a single solution to the set task. This idea may be restated in different ways. Little support from the literature.
· Single point: No recognition of appropriate concept or relevant processing of information. Students’ works under this category have poor structure, irrelevant detail and some misinterpretation of the question, showing little logical relationship to the topic and poor use of examples.
	SOLO category
	Representation
	Type of outcome
	Solution to problem

	(Extended abstract)

Unanticipated extension
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	Create

Synthesise

Hypothesise

Validate

Predict

Debate

Theorise
	Solution to problem which goes beyond anticipated answer.

Project or practical report dealing with real world ill-defined topic.

	(Relational) 

Logically related answer 
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	Apply

Outline

Distinguish

Analyse

Classify

Contrast

Summarise

Categorise
	Elegant solution to complex problem requiring identification of variables to be evaluated or hypotheses to be tested.

Well structured project or practical report on open task.

	Intermediate
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	Solution to multiple part problem with most parts correctly solved but some errors.

Reasonably well structured project or practical report on open task.

	(Multi-structural)

Multiple unrelated points
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	Explain

Define

List

Solve

Describe

Interpret
	Correct solution to multiple part problem requiring substitution of data from one part to the next.

Poorly structured project report or practical report on open task.

	(Unistructural) 
Single point 
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	State

Recognise

Recall

Quote

Note 

Name
	Correct answer to simple algorithmic problem requiring substitution of data into formula.

Correct solution of one part of more complex problem. 

	(Pre-structural)

Misses the point
	
	
	Completely incorrect solution.


Table 3: Description of the SOLO taxonomy 
Both Bloom’s and the SOLO taxonomies were first designed with the aims of supporting teachers in designing curriculum and assessment schemes that match to the ultimate goals of education (e.g. Hodges & Harvey, 2003) in equipping students with high level understanding and intellectual capabilities. 
Conclusion
This brief paper invites students to think reflectively about learning at university level. In order to equip ourselves for the demands of the 21st century which require students to possess global intellectual, interpersonal and personal capabilities, we must be willing to reflect on our ways of learning. Our understanding of learning should no longer be confined to the traditional notion of knowledge transfer within the familiar setting of lectures where students passively and uncritically absorb facts and information handed down by teachers. The underlying principle of the Bloom’s and SOLO classifications or taxonomies of learning is that students should be actively involved in constructing their own knowledge. At university level, students ought to be able to display higher levels of understanding and cognitive reasoning skills that goes beyond mere memorisation or comprehension of facts and information. 
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