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Abstract

We review information about the notion of cognitive level as made popular by Benjamin Bloom and his colleagues in 1956. We describe how TfHS/ROS is using a simplified, four-level version of Bloom’s taxonomy to code items (Knowledge –  K, Comprehension –  C, Analysis –  A, and Higher-Order –  H). Finally, we discuss what use educators may make of our coding.

Introduction and Discussion

TfHS and ROS deal with the cognitive-level demand of test questions (items) by starting, as everyone does, with Bloom’s Taxonomy of Educational Objectives (Bloom, et al., 1956). In that work, six levels of “knowledge” were postulated. At the bottom was Knowledge. Comprehension and then Application followed. At the top, the three levels were Analysis, Synthesis, and Evaluation. It has become commonplace to refer to the top three levels of the taxonomy as “higher order thinking skills” (HOTS). There are several listings toward the end of this paper that describe the six cognitive levels in more detail and attempt to make them clear by showing typical questions and the characteristic verbs that go with each. Cognitive-Level term has also been called “Depth of Knowledge”.

The ideal contained in the taxonomy is that the higher-order processes are built on the base of lower-levels processes. That is the lower-level processes are subsumed by the higher-level ones. Over the last twenty years, educational objectives have gradually been redefined as standards. (This deserves more discussion than is appropriate here.) Test items are written to measure a given standard. In theory, the way a standard is stated, specifically the verb it contains, serves to specify the cognitive level of any items written to measure it. For instance, “The student will design . . .” implies that all items need to measure the content will be at the Synthesis level. However, if item writers strictly adhered to this practice, virtually all of the items dealing with the higher–level specified content would be complex, quite difficult questions. 

Tests composed exclusively of such questions would invariably be too difficult for many students at their grade levels. Also, those tests would fail to show the levels of mastery of the lower-level concepts and content covered by the designated standard (objective). For example, if students cannot demonstrate that they can design an experiment (synthesis), without some lower-level questions, we don’t even know that they even know what an experiment is (knowledge)! So, most test authors include a range of questions written at different cognitive levels up to and including the “designated” level.

An issue with the Bloom’s taxonomy is that it is neither self-evident, nor has it been experimentally verified that the “lower-level skills” always require less “thinking” than do the “higher level slills”. Also, it has not been demonstrated that the “higher-level” processes actually do “build on” the “lower-level” processes. These issues lie in the province of “brain-based” research. Much has been said about brain-based research but much less has come out that is practically useful to educators. However, this is not the topic of this brief paper. 

There have been a number of revisions, modifications, and restatement of Bloom’s original scheme. In fact, the entire concept of a skill hierarchy is sometimes disputed. Kreitzer and Madaus (1994) reviewed much of this literature. Many, including this author, believe the taxonomy dramatically oversimplifies the true complexities of thinking. Even the basic order of the skills may be incorrectly specified. It is a fair point that Benjamin Bloom did not intend to summarize the full complexities of thinking, but only sought to describe a practical, simple scheme for classifying educational objectives with the taxonomy. A recent general summary of the taxonomical concepts is contained in Marzano and Kendall (2007). These authors also note that there have been twenty-some modifications or extensions to the original taxonomy. In their book, they offer yet another. Theirs is the most sophisticated of the modifications and also one of the most complex. We have found it is far too complex for our use within TfHS/ROS. (For our South Carolina assessment materials, we are using the scheme put forth in Anderson, Krathwohl, Airasian, Cruikshank, Mayer, Pintrich, et al. (2001), as that is the classification the SC Department of Education uses.)

On a purely practical front, the TfHS/ROS staffs believe that using the full six-level Bloom’s scheme is too difficult to use for classifying items and overly complex for the purpose of understanding students’ weaknesses. We have found that there is special difficulty in distinguishing among the top three levels. Even when the 

distinction can be clearly made, most tests will have only a very few items in each of the upper three levels. Therefore we have decided to use the simplified classification adopted by Virginia Commonwealth University School of Education faculty members Lisa Abrams and James McMillan when they evaluated the 2006 Virginia Standards of Learning and Standards of Learning Tests in 2007 under contract with the Virginia 

Department of Education. They used the four-value classification reported in Webb (2005). In place of their terminology Recall Knowledge, we use simply Knowledge (K). As they do, we also use Comprehension (C) as the second level and we use Application (A) for the third level. For the top level, we all use the terminology, Higher-Order Thinking (H). We believe the four levels codes, K, C, A, and H, will be understandable and generally usable by most educators. 

In some circumstances, an even greater simplification may be possible. Items could be classified as to whether they require higher-level-thinking-skills (HOTS) or not. (Please, let’s not call the “or not” lower level skills; maybe we can call them “nH” and “H”.)

Some Cautions

There are some general cautions to heed in using our or anyone else’s cognitive level classifications. First, the reliability of item-rating agreement for trained raters ranged for 0.79 to 0.99 in the Abrams and McMillan study. That range of rater agreement is from adequate to “almost-too-good-to-be-true”. Doubtless, inter-rater agreement depends on the nature of the items rated, as well as on the skills of the raters. Trained raters also have to assume that the students possess some overall general level of knowledge or understanding to successfully tackle the questions on a test 

Note that some items can be answered using different levels of cognitive processes by different individuals. Some individuals may know the correct answer to an item by rote knowledge (K), whereas others may need to come to the answer through the use of one or more higher level processes. In some cases, one or more distracters can be eliminated by rote knowledge (K) leaving the remainder to be solved at a higher level. But then note that even the very process of eliminating one or more distracters, may require skills from the test takers at the comprehension (C) or application (A) levels.

In certain strands in some subjects, most of the questions will be predominantly in one classification. For example, math operations assessments will usually consist of application-level items, because students are applying known techniques in familiar situations, e. g. adding two four-digit numbers.

At TfHS/ROS we have tried to be as consistent as possible with our ratings. However, other raters or teams of raters might disagree with us either in general or with regard to specific items. We welcome feedback on our rating scheme overall and on the individual ratings we have assigned to items.

How to Use Cognitive Levels in Constructing Tests

There are two ways to use the cognitive level indicators in assessment. The first is in constructing tests. Often, test blueprints describe the percentage of items that should be at the “higher-order thinking skills” level or that say, “No more the x% of the items should be at the knowledge level.” One reason for such directions is obvious — no one believes that an important assessment should cover nothing more than a recitation of factual knowledge. The other reason is less obvious. Knowledge level multiple-choice test questions are the easiest to write, so tests can be quickly filled with large numbers of “factoid” items. Other times, the assessment specifications may say, “At least one third of the questions should be written at the HOTS levels.” Writing good, thought-provoking questions is hard, complex work. Writing such questions that function well for most students in a multiple-choice format, is harder. Even expert item writers may take several tries to get such items right. The need to include higher-level questions is a reason that good assessment needs to start with a stable of well-constructed, tried items which have a good mix of cognitive levels. This pool of questions/items may be a teacher’s own, developed over several years, or they may be batches of items used by teams of teachers over time, or they may come from a school’s or district’s formal or informal item pool, or they may be publisher’s items found in formal item banks or teacher’s editions of textbooks. Often, the items used on a test may be combinations of these. Building good assessments that test in depth is hard work.

How to Use Cognitive Levels in Interpreting Test Results

The second use of the cognitive-level indicators is in interpreting the test results. This is an area for exploration. It is clear that item difficulty, measured by the percentage of student who answer an item correctly, and the assigned cognitive level, measured with our four-part classification — K, C, A, and H, are different types of measures. Consider the following table. The numbers to be filled into the nine cells of table 

could be the percentages of the easy items, the medium difficulty items, and the hard items that fall into each cognitive-level classification. The measure of item difficulty is the percentage of students who answered the item correctly. In the table, we have classified as Easy items those that were answered correctly by 75% or more of the students. Medium items are thoes answered correctly by between 25% and 74% of the students and hard items are those answered correctly by fewer than 25% of the students.

	
	Cognitive–Level / 
Depth of Knowledge

	Item Difficulty
	K
	C
	A
	H

	Easy (75% or more get correct)
	
	
	
	

	Medium (between 25% and 74% get correct)
	
	
	
	

	Hard (less than 25% get correct)
	
	
	
	


We would expect that, generally, we will have more Hard questions in the H cognitive-level column than in the K column. We would expect that, but is it true? This is a question to be asked and answered. Answers many be different at various grades and in the different subjects. So, be careful and be experimental; use the categories for what they are, as a potential help in understanding students’ strengths and weaknesses.

(08/03/10)   

An Adaptation of Bloom’s Taxonomy of Educational Objectives — Cognitive Domain for Use within ROS for the TfHS Assessments and for Certain Others



Knowledge — Exhibit memory of previously-learned materials by recalling facts, terms, basic concepts and answers.

· Knowledge of specifics — terminology, specific facts.

· Knowledge of ways and means of dealing with specifics — conventions, trends 

·      and sequences, classifications and categories, criteria, methodology.

· Knowledge of the universals and abstractions in a field — principles and 

·      generalizations, theories and structures.

Questions like: What is _______ ?


Comprehension — Demonstrative understanding of facts and ideas by organizing, comparing, translating, interpreting, giving descriptions, and stating main ideas.

· Translation.

· Interpretation.

· Extrapolation.

Questions like: How would you compare and contrast  _______ and  _______ ?


Application — Using new knowledge. Solve problems in new situations by applying acquired knowledge, facts, techniques and rules in a different way 

Questions like: Can you organize _______ to show  _______ ?


Analysis — Examine and break information into parts by identifying motives or causes. Make inferences and find evidence to support generalizations.

· Analysis of elements.

· Analysis of relationships.

· Analysis of organizational principles.

Questions like: How would you classify  _______ ?

Synthesis — Compile information together in a different way by combining elements in a new pattern or proposing alternative solutions.

· Production of a unique communication.

· Production of a plan, or proposed set of operations.

· Derivation of a set of abstract relations.

Questions like: Can you predict an outcome of  _______ ?

Evaluation — Present and defend opinions by making judgments about information, validity of ideas, or quality of work based on a set of criteria.

· Judgments in terms of internal evidence.

· Judgments in terms of external criteria.

Questions like: Do you agree with  _______ ?


K, C A, and H – The cognitive-level (depth-of-knowledge) codes used in VA and NC 08/03/10

Cognitive Level or Depth-of-Knowledge (DOK) Categories

As mentioned, this alignment study used the modified Webb approach. Although the process and procedures used are the same as Webb’s, the Cognitive Level/DOK categories reflected those in Bloom’s taxonomy rather than Webb’s categories. The Cognitive Level/DOK levels included the following four categories:

K  Recall Knowledge: This is the lowest level of cognitive process and involves memorizing and remembering information. At the recall Cognitive Level/DOK level, standards or test items may require students to count, define, identify, label, list, match, name, quote, recite, repeat, reproduce, select, or state content information. 

C  Comprehension: At this level students may be using or manipulating recall level information in a basic way such as explaining an idea or concept in one’s own words. Comprehension level standards or test items may ask students to translate, rephrase, interpret, describe, classify, compare, contrast, discuss, distinguish, estimate, explain, generalize, give examples, infer, interpret, or summarize. 

A  Application: This Cognitive Level/DOK level involves the process of using known information to solve new problems. Application level standards or test items may ask students to compute, construct, demonstrate, illustrate, or solve.

H  Higher-Order-Thinking: This level combines the three most complex levels of cognitive process in Bloom’s Taxonomy: analysis, synthesis, and evaluation. At the analysis level, students break down information into parts to categorize, diagram, differentiate, discriminate, outline, separate, or subdivide content. At the synthesis level students combine elements into a whole to integrate, organize, construct, design, combine, arrange, compile, create, formulate, generate, group, or summarize. At the evaluation level students are asked to judge, assess, appraise, value, conclude, critique, criticize, grade, recommend, or support.

Another Bloom’s Listing

Knowledge: Recall data or information.
Examples: Recite a policy. Quote prices from memory to a customer. Know the safety rules. Recall basic math facts. Know terminology. State a formula.

Key Words: defines, describes, identifies, knows, labels, lists, matches, names, outlines, recalls, recognizes, reproduces, selects, states.

Comprehension: Understand the meaning, translation, interpolation, and interpretation of instructions and problems. State a problem in one's own words.

Examples: Rewrites the principles of test writing. Explain in one's own words the steps for performing a complex task. Translates an equation into a computer spreadsheet. Select a good title. Paraphrase a speech. Tell time.

Key Words: comprehends, converts, defends, distinguishes, estimates, explains, extends, generalizes, gives examples, infers, interprets, paraphrases, predicts, rewrites, summarizes, translates.

Application: Use a concept in a new situation or unprompted use of an abstraction. Applies what was learned in the classroom into novel situations in the work place.

Examples: Use a manual to calculate an employee's vacation time. Apply laws of statistics to evaluate the reliability of a written test. Compute the volume of a complex object.

Key Words: applies, changes, computes, constructs, demonstrates, discovers, manipulates, modifies, operates, predicts, prepares, produces, relates, shows, solves, uses.

Analysis: Separates material or concepts into component parts so that its organizational structure may be understood. Distinguishes between facts and inferences.

Examples: Troubleshoot a piece of equipment by using logical deduction. Recognize logical fallacies in reasoning. Gathers information from a department and selects the required tasks for training. Outlines ideas in a paragraph.

Key Words: analyzes, breaks down, compares, contrasts, diagrams, deconstructs, differentiates, discriminates, distinguishes, identifies, illustrates, infers, outlines, relates, selects, separates, finds.

Synthesis: Builds a structure or pattern from diverse elements. Put parts together to form a whole, with emphasis on creating a new meaning or structure.

Examples: Write a company operations or process manual. Design a machine to perform a specific task. Integrates training from several sources to solve a problem. Revises and process to improve the outcome. Apply and integrate several different strategies to solve a mathematical problem. Design a building for a purpose. 

Key Words: categorizes, combines, compiles, composes, creates, devises, designs, explains, generates, modifies, organizes, plans, rearranges, reconstructs, relates, reorganizes, revises, rewrites, summarizes, tells, writes.
Evaluation: Make judgments about the value of ideas or materials.

Examples: Select the most effective solution. Hire the most qualified candidate. Explain and justify a new budget. Decide which actions are effective. Rank plans from best to worst.

Key Words: appraises, compares, concludes, contrasts, criticizes, critiques, defends, describes, discriminates, evaluates, explains, interprets, justifies, relates, summarizes, supports, judges.
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