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In this workshop we will explore ways to use Bloom's Taxonomy of Cognitive Domains to help faculty create intellectually challenging assignments and exam questions (multiple choice as well as essay).  Participants will work in groups to revise exams or assignments which they bring to the workshop..

Bloom’s taxonomy

Knowledge: Recall of data.


Examples: Recite a policy. Quote prices from memory to a customer. Knows the safety rules.

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.

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 workplace.


Examples: Use a manual to calculate an employee’s vacation time. Apply laws of statistics to evaluate the reliability of a written test. 

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.

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

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.

Keywords: 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.

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

Examples of Exam Questions Written to Assess Different Levels of Bloom’s Taxonomy
Adapted from: 

1) Designing and Managing MCQs (University of Cape Town)

http://web.uct.ac.za/projects/cbe/mcqman/mcqappc.html
2) “Constructing Written Test Questions for the Basic and Clinical Sciences” (National Board of Medical Examiners)

http://www.nbme.org/publications/item-writing-manual.html
 Knowledge
Which of the following is an indication for fetal

karyotyping in a 28-year-old woman?

A. Paternal age 55

B. Fetal cystic hygroma on ultrasound exam

C. Previous child with spina bifida

D. Previous miscarriage of a triploid fetus

E. Trisomy 21 in the woman’s brother

At this level, one simply requires the recall of acquired knowledge. 

In the application section below, see an example of a question addressing the same information, but requiring Application level of skill

Comprehension

Which one of the following describes what takes place in the so-called PREPARATION stage of the creative process, as applied to the solution of a particular problem?

A.  The problem is identified and defined.

B.  All available information about the problem is collected.

C.  An attempt is made to see if the proposed solution to the problem is acceptable.

D.  The person goes through some experience leading to a general idea of how the    

      problem can be solved.

E.  The person sets the problem aside, and gets involved with some other unrelated        

      activity.

At this level, knowledge of facts, theories, procedures etc. is assumed, and one tests for understanding of this knowledge.

In this question, the knowledge of the five stages of the creative process must be recalled (KNOWLEDGE), and one is tested for an understanding (COMPREHENSION) of the meaning of each term, in this case, "preparation".

Application
1) Which one of the following memory systems does a piano-tuner

mainly use in his occupation?

1. Echoic memory.


2. Short-term memory.


3. Long-term memory.


4. Mono-auditory memory.


5. None of the above.

This question requires the student to apply previously acquired KNOWLEDGE of the various memory systems.  The student must understand the meaning of each term (COMPREHENSION) before the student can decide whether it is applicable to the given situation.

2) A healthy 28-year-old teacher is at 11 weeks’ gestation. Family history is unremarkable except that both of her brothers have severe mental retardation, her mother died at 55 years of age of breast cancer, and her father is estranged. No family health records are available.

Which of the following studies is appropriate?

A. Blood test for fragile X carrier status

B. Blood test for phenylketonuria carrier status

C. Chorionic villus sampling for Duchenne’s

    muscular dystrophy

D. Chorionic villus sampling for chromosome

     analysis

E. Amniocentesis for alpha-fetoprotein 

This question, unlike the related question under Knowledge above, requires the student to APPLY previously obtained knowledge about fetal karyotyping to a new situation. One could also make the argument that this question requires EVALUATION since it presents students with a family history and asks students to prioritize the information given and then make a judgment regarding the most appropriate test to perform. 

Analysis

Look at the following table and indicate which countries'

statistics are being reported in rows A, B and C. 

	
	GNP per capita 1991 ($ USA)
	Growth rate of GNP per capita p.a. 1980-91
	Population growth rate 1980-91
	Structures of total employment 1980-85 (percentages)

	
	
	
	
	Agriculture
	Industry
	Services

	A
	500
	2,5%
	1,5%
	51
	20
	29

	B
	1570
	5,8%
	1,6%
	74
	8
	8

	S.A.
	2560
	0,7%
	2,5%
	17
	36
	36

	C
	25110
	1,7%
	0,3%
	6
	32
	32


Choose your answer from the following list of possible

answers:
     1.   A is South Korea; B is Kenya; C is Canada.

     2.   A is Sri Lanka; B is Germany; C is Thailand.

     3.   A is Sri Lanka; B is Thailand; C is Sweden.

     4.   A is Namibia; B is Portugal; C is Botswana.

In order to answer this question, students must be able to recall the relative economic rankings of various countries (KNOWLEDGE) and understand the basis for such a ranking (COMPREHENSION). They must be able to apply these concepts when information is supplied to them (APPLICATION), and they must be able to ANALYZE the given information in order to answer the question. Students do not need to recall specific statistics, but are expected to examine the table and perform a ranking on the basis of concepts that they have been taught. 
Synthesis

No examples of MCQs testing Synthesis Level are provided as this requires creation of something new (e.g. a model, a hypothesis, an architectural plan) and therefore cannot be assessed when students are presented with all available options.

Evaluation

A student was asked the following question: "Briefly list and explain the various stages of the creative process."

As an answer, this student wrote the following:

"The creative process is believed to take place in five stages, in the following order: orientation, when the problem must be identified and defined, preparation, when all the possible information about the problem is collected, incubation, when no solution seems in sight and the person is often busy with other tasks, illumination, when the person experiences a general idea of how to arrive at a solution to the problem, and finally verification, when the person determines whether the solution is the right one for the problem."

How would you judge this student' s answer?

a) EXCELLENT (all stages correct in the right order with clear and correct explanations) 

b) GOOD (all stages correct in the right order, but the explanations are not as clear as they should be) 

c) MEDIOCRE (one or two stages are missing OR the stages are in the wrong order, OR the explanations are not clear OR the explanations are irrelevant) 

d) UNACCEPTABLE (more than two stages are missing AND the order is incorrect AND the explanations are not clear AND/OR they are irrelevant)

In the above question, one is expected to make value judgment on the content of the given text (KNOWLEDGE of the subject is required), the meaning of the terminology used (COMPREHENSION of the subject matter), and its structure (ANALYSIS of the answer for the right order of events. The correct answer here is “a”, but suitable modification of the putative student answer could provide a small bank of questions with other correct answers

Examples of Multiple Choice Questions
For each of the following questions, write the level of Bloom’s (Knowledge, Comprehension, Application, Analysis, Synthesis or Evaluation) required to provide a correct answer. 
1. When analyzing your students’ pretest and posttest scores to determine if your teaching has had a significant effect, an appropriate statistic to use is the t-test for:

a. Dependent samples

b. Heterogenous samples

c. Homogenous samples

d. Independent samples
2. The principal keyboard instrument in 16th century Europe was the:

a. Clavichord

b. Harpsichord

c. Organ

d. Pianoforte
3. [Poem included here]

   The chief purpose of stanza 9 is to:

a. Delay the ending to make the poem symmetrical

b. Give the reader a realistic picture of the return of the cavalry

c. Provide material for extending the simile of the bridge to a final point

d. Return the reader to the scene established in stanza 1
4. Which of the following artists is known for painting the ceiling of the Sistene Chapel?

a. Botticelli

b. da Vinci

c. Michelangelo

d. Raphael

5. If nominal gross national product (GNP) increases at a rate of 10% per year and the   

GNP deflator increases at 8% per year, then real GNP
a. Remains constant

b. Rises by 10%

c. Falls by 8%
d. Rises by 2%

6. Alice, Barbara, and Charles own a small business: the Chock-Full-o-Goodness Cookie Company. Because Charles has many outside commitments and Barbara has a few, Alice tends to be most in touch with the daily operations of Chock-Full-o-Goodness. As a result, when financial decisions come down to a vote at their monthly meeting, they have decided that Alice gets 8 votes, Barbara gets 7, and Charles gets 2-with 9 being required to make the decision. According to minimum-resource coalition theory, who is most likely to be courted for their vote?
    a.   Alice 
    b.   Barbara 
    c.   Charles 

    d.   No trend toward any specific person.
7. A boat carrying a large boulder is floating on a small pond.  The boulder is thrown overboard and sinks to the bottom of the pond.  After the boulder sinks to the bottom of the pond, the level of the water in the pond

a. Is higher than it was when the boulder was in the boat

b. Is the same as it was when the boulder was in the boat

c. Is lower than it was when the boulder was in the boat

8.    Disregarding the relative feasibility of the following procedures, which of these lines of research is likely to provide us with the most valid and direct evidence as to evolutionary relations among different species?

a. Analysis of the chemistry of stored food in female gametes.

b. Analysis of the enzymes of the Krebs cycle.

c. Observations of the form and arrangement of the endoplasmic reticulum.

d. Comparison of details of the molecular structure of DNA.

e. Determination of the total percent protein in the cells.
9. Bonus Question:  What level of Bloom’s was required for you to complete this exercise?
Comparison of Different Types of Exam Questions

[image: image1.png]‘Table 1: Advantages and Disadvantages of Commonly Used Types of Achievement Test Items

Type of Item Advantages Disadvantages

True-False Many items can be administered ina | Limited primarily to testing knowledge
relatively short time. Moderately casy | of information. Easy to guess correctly
to write; easily scored. on many items, even if material has not

been mastered.

Multiple-Choice Can be used to assess broad range of | Difficult and time consuming to write
content in a brief period. Skillfully good items. Possible to assess higher
written items can measure higher order | order cognitive skills, but most items
cognitive skills. Can be scored quickly. | assess only knowledge. Some correct

answers can be guesscs.

Matching Items can be written quickly. A broad | Higher order cognitive skills arc
range of content can be assessed. difficult to assess.

Scoring can be done efficiently.

Short Answer or Completion | Many can be administered in a brief | Difficult to identify defensible criteria
amount of time. Relatively efficientto | for correct answers. Limited to
score. Moderately casy to write. questions that can be answered or

completed in very few words.

Essay Can be used to measure higher order | Time consuming to administer and

cognitive skills. Relatively casy to write
questions. Difficult for respondent to
get correct answer by guessing.

score. Difficult to identify reliable
criteria for scoring. Only a limited
range of content can be sampled during
any one testing period.

Adapted from Table 10.1 of Worthen, et al., 1993, p. 261.





http://www.crlt.umich.edu/publinks/CRLT_no24.pdf  (M. Piontek)
General Guidelines for Developing Multiple-Choice Items

Mary E. Piontek, Best Practices for Designing and Grading Exams, part of the Occasional Paper series Center for Research on Learning and Teaching (CRLT) [http://www.crlt.umich.edu/]  at the University of Michigan
Advantages of multiple-choice questions (MCQs):

· MCQs can measure various kinds of knowledge, including students' understanding of terminology, facts, principles, methods, and procedures

· MCQs can assess higher-order thinking skills such as ability to apply, interpret, and justify.  See Example 1, (below) in which students are required to generalize, analyze, and make inferences about data in a medical patient case.

· MCQs are less ambiguous than short-answer items.

· MCQs are superior to true-false items in several ways: on true-false items, students can receive credit for knowing that a statement is incorrect, without knowing what is correct. Multiple-choice items offer greater reliability than true-false items as the opportunity for guessing is reduced with the larger number of options.

· An instructor can diagnose misunderstanding by analyzing the incorrect options chosen by students.

Disadvantages of multiple-choice items:

· MCQs require developing incorrect, yet plausible, options that can be difficult for the instructor to create. 

· MCQs do not allow instructors to measure students' ability to organize and present ideas. 

· Multiple-choice exams run the risk of not assessing the deep learning that many instructors consider important 
Nine primary guidelines for developing multiple-choice items

The first four guidelines concern the item "stem," which poses the problem or question.

1. Write the stem as a clearly described question, problem, or task.

2. Provide the information in the stem and keep the options as short as possible.

3. Include in the stem only the information needed to make the problem clear and specific.

4. Avoid the use of negatives in the stem (use only when you are measuring whether the respondent knows the exception to a rule or can detect errors).
The remaining five guidelines concern the choices from which students select their answer.

5. Have ONLY one correct answer.

6. Write the correct response with no irrelevant clues.  A common mistake when designing multiple-choice questions is to write the correct option with more elaboration or detail, using more words, or using general terminology rather than technical terminology.

7. Write the distractors to be plausible yet clearly wrong. An important, and sometimes difficult to achieve, aspect of multiple-choice items is ensuring that the incorrect choices (distractors) appear to be possibly correct. Distractors are best created using common errors or misunderstandings about the concept being assessed, and making them homogeneous in content and parallel in form and grammar.

8. Avoid using "all of the above," "none of the above," or other special distractors (use only when an answer can be classified as unequivocally correct or incorrect).

9. Use each alternative as the correct answer about the same number of times.

-----------------------------

Checklist for Writing Multiple-Choice Items

* Is the stem stated as clearly, directly, and simply as possible?

* Is the problem self-contained in the stem?

* Is the stem stated positively?

* Is there only one correct answer?

* Are all the alternatives parallel with respect to grammatical structure, length, and complexity?

* Are irrelevant clues avoided?

* Are the options short?

* Are complex options avoided?

* Are options placed in logical order?

* Are the distractors plausible to students who do not know the correct answer?

* Are correct answers spread equally among all the choices?

------------------------------

Example 1: A Series of Multiple-Choice Items That Assess Higher Order Thinking:

Patient WC was admitted for 3rd degree burns over 75% of his body. The attending physician asks you to start this patient on antibiotic therapy. Which one of the following is the best reason why WC would need

antibiotic prophylaxis?

a. His burn injuries have broken down the innate immunity that prevents microbial invasion.

b. His injuries have inhibited his cellular immunity.

c. His injuries have impaired antibody production.

d. His injuries have induced the bone marrow, thus activated immune system.

Two days later, WC's labs showed: WBC 18,000 cells/mm3; 75% neutrophils (20% band cells); 15% lymphocytes; 6% monocytes; 2% eosophils; and 2% basophils. Which one of the following best describes WC's lab results?

a. Leukocytosis with left shift

b. Normal neutrophil count with left shift

c. High eosinophil count in response to allergic reactions

d. High lymphocyte count due to activation of adaptive immunity

Web Resources for Writing Exams

Accessible from Center for Instructional Development website: 

http://depts.washington.edu/cidrweb/resources/exams.html

Designing assessment tools can be very challenging.  We have collected the resources below to help you navigate this process, from considering what questions you should ask on a test, to how to write a challenging multiple-choice question.
I. Aligning test questions with learning outcomes

Before you write an exam or an assignment it is important to consider what you want students to know or be able to do when they finish your course.  Once you have established learning outcomes for your course, the resources below will help you write a fair test or other form of evaluation that accurately assesses your students’ progress toward these goals.

1. .“Test Construction and Grading” (Purdue University)
http://www.cie.purdue.edu/teaching/view.cfm?TeachID=53&category=topic
2. .“Assessment and Test Construction” (University of Western Ontario)
http://www.uwo.ca/tsc/assessment.htm
3. “Evaluation Issues:  Testing and Other Forms of Student Evaluation” (University of North Carolina)
http://cfe.unc.edu/pdfs/tac.pdf  (see p. 31-33 of this handbook)

II. General steps to take when creating an exam

It is often hard to know where to start when sitting down to write an exam.  The resources below provide some general guidelines regarding what steps to take when you are starting to write an exam.
1. “Test Construction:  Some practical Ideas” Marilla Svinicki (University of Texas, Austin)
http://www.utexas.edu/academic/cte/sourcebook/tests.pdf
2. “How to Prepare Better Tests:  Guidelines for University Faculty (Brigham Young University)
http://testing.byu.edu/info/handbooks/bettertests.pdf
3. “Designing Tests to Maximize Learning” (Richard Felder, North Carolina State University)
http://www4.ncsu.edu/unity/lockers/users/f/felder/public/Papers/TestingTips.htm
4. “General Steps in Test Construction” (University of Minnesota)
http://www1.umn.edu/ohr/teachlearn/resources/jit/midsemfac/exam/construction/index.html
Advantages and disadvantages of different types of exam questions
There are many different types of exam questions including multiple choice, true/false, short answer and essay questions.  When deciding which type(s) of questions(s) to include on an exam it is helpful to consider what learning goals you want to assess.  Some types of questions are more effective at assessing one type of goal than another e.g., essay questions are very effective at assessing whether students can build a logical argument or make new connections between concepts, but they are not the most efficient way to measure a student’s ability to recall facts.  The resources below will help you weigh the advantages and disadvantages of different types of exam questions as well as provide guidelines for writing good exam questions
1. “How to Write Better Tests: A Handbook for Improving Test Construction Skills” (Indiana University, Bloomington)
http://www.indiana.edu/%7Ebest/write_better_tests.shtml
2. “Constructing Written Test Questions for the Basic and Clinical Sciences” (National Board of Medical Examiners)
http://www.nbme.org/publications/item-writing-manual.html
3. “How to prepare better multiple-choice test items:  Guidelines for University Faculty” (Brigham Young University)
http://testing.byu.edu/info/handbooks/betteritems.pdf
4. “Best Practices for Designing and Grading Exams” (Mary E. Piontek, Univ of Michigan)
http://www.crlt.umich.edu/publinks/CRLT_no24.pdf
5. “Designing Test Questions” (The University of Tennessee at Chattanooga)
http://www.utc.edu/Administration/WalkerTeachingResourceCenter/FacultyDevelopment/Assessment/test-questions.html
Designing challenging multiple-choice questions (Examples)

One commonly held belief is that multiple-choice questions are only able to test  simple recall.  The resources below provide many examples and strategies for how to design multiple-choice questions that test higher cognitive skills including application, analysis and evaluation.  

1. *“Techniques for Writing Multiple Choice Questions that Demand Critical Thinking” (University of Oregon)
http://tep.uoregon.edu/resources/assessment/multiplechoicequestions/sometechniques.html
2. “Biology in Bloom: Implementing Bloom’s Taxonomy to Enhance Student Learning” (Supplemental Material A – examples of exam questions that assess student learning at multiple levels of Bloom’s Taxonomy)
http://www.lifescied.org/cgi/content/full/7/4/368
3. “Constructing Written Test Questions for the Basic and Clinical Sciences” (National Board of Medical Examiners)
http://www.nbme.org/publications/item-writing-manual.html
4. “Designing and Managing Multiple Choice Questions” (University of Cape Town)
http://web.uct.ac.za/projects/cbe/mcqman/mcqman01.html
5. *“How to Write Better Tests: A Handbook for Improving Test Construction Skills” (Indiana University, Bloomington)
http://www.indiana.edu/%7Ebest/write_better_tests.shtml
6. “Designing and Managing Multiple Choice Questions” (University of Cape Town)
http://web.uct.ac.za/projects/cbe/mcqman/mcqman01.html
7. *“How to prepare better multiple-choice test items:  Guidelines for University Faculty” (Brigham Young University)
http://testing.byu.edu/info/handbooks/betteritems.pdf
Grading and validating exam questions
Once the exam is over, you are faced with the challenge of grading the exam questions as fairly as possible.  The resources below provide tips on scoring essay and short answer questions as well as guidelines for determining the validity of multiple-choice questions.

1. *“Best Practices for Designing and Grading Exams” (Mary E. Piontek, Univ of Michigan)
http://www.crlt.umich.edu/publinks/CRLT_no24.pdf
2. “Test Construction:  Some practical Ideas”  Marilla Svinicki (University of Texas, Austin)
http://www.utexas.edu/academic/cte/sourcebook/tests.pdf
3. “Designing and Managing Multiple Choice Questions” (University of Cape Town)
http://web.uct.ac.za/projects/cbe/mcqman/mcqman01.html
4. “How to Prepare Better Tests:  Guidelines for University Faculty (Brigham Young University)
http://testing.byu.edu/info/handbooks/bettertests.pdf
5. “Evaluation Issues:  Testing and Other Forms of Student Evaluation” (University of North Carolina)
http://cfe.unc.edu/pdfs/tac.pdf  (see p. 34-38 of this handbook)
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