
  lassroom testing is a chore for both teach-
ers and students, yet it remains at the core of most educa-
tional experiences. In a perfect world, students would not 
need to be tested because they would be so engrossed in 
the topic that they would learn, for example, osmosis and 
diffusion as avidly as many students learn the intricacies 
of a new video game. In some educational institutions, 
testing and grading are eliminated (see, for example, Neil’s 
Summerhill, 1960) and those schools sometimes produce 
positive results. However, schools that achieve high stan-
dards without exams are frequently associated with strict 
selection processes that admit only the best and brightest 
students. Additionally, schools that do not use exams are 
typically not supported by money from taxpayers and leg-
islators, who demand more and more accountability (e.g., 
increased testing).

Teachers give tests for many reasons, but three stand 
out: 1) to promote and motivate student learning, 2) to 
produce data for evaluations (e.g., grades), and 3) to pro-
vide evidence to our administrators, financial supporters, 
and parents that students are learning. 

This paper describes and evaluates a new type of mul-
tiple-choice test question that is relatively easy to construct 
and challenges students’ understandings of biological 
concepts.

Common Types of Test Questions
An unwritten rule in teaching is that instructors can 

either spend time constructing an exam or correcting an 
exam—but hopefully not both. For example, essay exams 
are easy to create, but frequently difficult to evaluate. 
“Explain the membrane events involved in the formation 
and propagation of an action potential” would be a very 
easy question to put on an exam, and would indeed test 
students’ understandings of neurophysiology. However, 
the effort required to correct 100, 200, or maybe even 
500 responses to this question would be quite daunting, 
if not logistically impractical and unfair. Essay exams 
can be excellent testing tools that are frequently used in 
smaller classes where the instructor can carefully evaluate 
responses, however, these kinds of exams are often not 
feasible in large classes.

Multiple-choice questions frequently get a bad reputa-
tion from those who have the luxury and time to admin-
ister essay exams. “Multiple-guess,” “promotes poor study-
skills,” “promotes test-taking-skills over learning,” and “a 
sign of a lazy teacher” are just a few of the comments that 
are sometimes attributed to multiple-choice tests and the 
instructors who use them. Adding to the controversy of 
multiple-choice exams is their widespread use, and occa-
sional misuse, within large standardized tests like the ACT 
and SAT (Moore et. al., 2002). Despite a historically poor 
reputation, multiple-choice exams are commonly used in 
large enrollment classes because they are easy to adminis-
ter and correct. Additionally, multiple-choice exams can be 
just as valid and reliable a testing instrument as an essay 
exam if the questions and distracters are constructed care-
fully. (For an overview of testing and curriculum design, 
see Smith & Ragan, 1999.) The key is that the instructor 
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must spend time “up-front” carefully creating challenging 
questions. 

Bloom’s Taxonomy: A Tool To Help 
Construct Test Questions

In 1956 Benjamin Bloom developed a taxonomy of 
cognitive tasks (Bloom, 1956). His taxonomy involved sev-
eral categories (knowledge, comprehension, applications, 
analysis, synthesis, and evaluation) that form a framework 
still used by many teachers to guide academic endeavors 
(e.g., the creation of learning objectives, the construction of 
test questions). The categories are ranked from least com-
plex (knowledge) to most complex (evaluation) in terms 
of cognitive requirements. For example, knowledge tasks, 
or knowledge questions, include “Where in a cell are the 
chromosomes located?” or “What are the four nitrogenous 
bases in DNA?” Evaluation is at the highest level of the hier-
archy and involves tasks such as “Read Watson and Crick’s 
original paper about the structure of DNA and critique 
its conclusions in light of the current research on nucleic 
acids.” (Note: Some educators use the top three levels 
[analysis, synthesis, and evaluation] as the requirements for 
“higher-order thinking skills.”) Good teachers design their 
curriculum so that there is a balance of objectives between 
the different levels of Bloom’s taxonomy. Ideally, there is a 
similar balance of questions on exams.

Entry-level biology courses have traditionally empha-
sized the knowledge level of Bloom’s taxonomy. This 
is understandable, because the quantity of knowledge 
(“facts”) in entry-level biology is enormous. Biology texts 
read more and more like dictionaries, and a “good biology 
student” is at times identified as a student who can memo-
rize the most biological facts. (Note: Most scientific policy 
documents strongly advocate “depth over breadth,” mean-
ing that instructors should be teaching fewer concepts, but 
strive for more in-depth understanding with each. See, for 
example, American Association for the Advancement of 
Science, 1993, and National Research Council, 1996.) In 
biology courses we can always have students memorize a 
few more facts, and it is relatively easy for us to write exam 
questions that test students’ ability to remember those 
facts. However, writing challenging questions (e.g., those 
that are higher on Bloom’s taxonomic hierarchy) is some-
times difficult. A joke among teachers is that many of our 
multiple-choice questions are as easy as:

What color is Johnny’s red wagon?

A. Red

B. 14

C. Please pass the sweet and sour shrimp.

D. A military solution

The above question is obviously a knowledge-based 
question in that it involves the recall of a fact, which just 
happens to be located in the question. Exams that include 
undemanding knowledge-based questions provide easy 
points for students and some testing experts will claim that 

such questions are useless because they do not discriminate 
between high- and low-performing students; virtually every 
student who studies the material (or, in the example above, 
reads the question) will get those questions right. Despite 
this valid criticism, many teachers use easy multiple-choice 
questions to reward studying and to help students build 
confidence in their understanding (“I know I got at least 
one right!”). However, a key to a good test is the presence 
of questions that discriminate between students who know 
and understand the material from those who don’t; that is, 
questions that reward vigorous study and understanding. 
To help with this task, we have developed a new type of 
multiple-choice question.

Background to the New Question
Multiple-choice questions require students to make 

decisions based on their understanding of some content. 
If a student’s understanding is accurate, we hope they can 
answer the questions correctly. However, teachers also 
hope that students who posses inaccurate understand-
ing will answer those same questions incorrectly (i.e., the 
students will not be able to make the proper decisions). 
True-or-false questions typically require one decision per 
question. For example: 

During the depolarization phase of an action potential, 
sodium gates are closed. 

True or False. 

Adding more distracters increases the number of decisions 
made by a student:     

Which of the following gates are open during the 
depolarization phase of an action potential?

A. Sodium

B. Potassium

C. Calcium

D. Acetylcholine 

The above question requires a student to make more 
decisions. For students who are guessing, there are four 
decisions, but for students who are somewhat prepared 
there are only two logical answers (sodium and potas-
sium), and for those who are well prepared the question 
is as easy as “What color is Johnny’s little red wagon?” 
For many college biology courses, this question would not 
discriminate between higher-performing and lower-per-
forming students (both groups would answer the question 
correctly) because most teachers overtly state this concept 
in class. Hopefully, it is also well documented in students’ 
notebooks and textbook.

The difficulty of a question increases as the number of 
correct options increases. For example:

How many of the following statements are true of 
action potential physiology?

• Depolarization requires the movement of sodi-
um ions.
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• Repolarization requires the movement of sodi-
um ions.

• Action potentials require the movement of ions 
across membranes.

• The sodium-potassium pump is required to 
hyperpolarize a neuron.

• The sodium-potassium pump helps re-establish 
membrane gradients after an action potential 
has passed.

A. Zero (0) statements are true.

B. One statement is true.

C. Two statements are true.

D. Three statements are true.

E. Four or more statements are true.

The above question can be reduced to five different true-
and-false (knowledge level) questions, but at issue is the 
number of decisions a student makes per question. In this 
one question, a student must make at least five decisions. 
In a quiz that covers only a small amount of material, the 
above question should probably be transformed into five 
different true-and-false questions, but for large exams that 
involve a limited number of questions per concept, the 
above one question can effectively discriminate between 
students with a good vs. excellent understanding of action 
potentials. 

Our new multiple-choice question requires students 
to make several decisions per question—it requires them 
to evaluate the quality of a scientific explanation. We call 
these questions “You are the Teacher” questions because 
the students are role-playing a teacher correcting a short-
answer exam (i.e., a form of reciprocal teaching). Reciprocal 
teaching is a broad educational idea that has much of its 
research foundation in reading education (Rosenshine & 
Meister, 1994) and is founded on the notion that students 
can learn when they take the role of teacher. At the center 
of reciprocal teaching is the notion that teachers are fre-
quently evaluating work, and evaluation is at the highest 
level of Bloom’s taxonomy. It is logical, then, that if stu-
dents take the role of a teacher and are evaluating work, 
they then would be achieving the higher levels of Bloom’s 
taxonomy. Teachers have for years had students exchange 
papers for grading, but this practice has typically not been 
part of the testing/learning process, but rather as a mecha-
nism to reduce the work load of the teacher. “You are the 
Teacher” questions, however, require students to evaluate 
statements, similar to a teacher evaluating a short-answer 
essay question.

The following are the directions given for “You are the 
Teacher” questions, as well as two example questions:

Pretend you are a very nice science teacher who 
is correcting the following essays. How many 
scientific errors can you find in the following 
paragraph? Note: There is a maximum of one 
error per sentence. 

Question 1

During the depolarization phase of an action 
potential, sodium gates are open and sodium 
diffuses from the extra-cellular fluid to the 
intra-cellular fluid. At the end of the depolar-
ization phase, sodium gates close, and potas-
sium gates open. Repolarization begins when 
potassium moves by active transport from the 
intra-cellular fluid to the extra-cellular fluid 
of the cell. After the action potential passes, 
ion gradients are maintained by the sodium/
potassium pump.

A. 0 errors

B. 1 error

C. 2 errors

D. 3 errors

E. 4 or more errors

Question 2

An action potential reaches an axon terminal 
and calcium ions diffuse into the terminal. 
Synaptic vesicles fuse with the plasma mem-
brane of the axon terminal and neurotransmit-
ter substances are released into the synaptic 
cleft. The neurotransmitter substances move 
by active transport across the synaptic cleft 
and bind with receptors on the post synap-
tic membrane. The neurotransmitter/recep-
tor complex contributes to the formation of 
another action potential on the post-synaptic 
neuron.

A. 0 errors

B. 1 error

C. 2 errors

D. 3 errors

E. 4 or more errors

The directions for the “You are the Teacher” questions 
were developed after a few trials in which students were 
including unintended grammatical errors; as a result we 
added the phrases “very nice” and “scientific errors” to clar-
ify the requirements. We also deduced that there should 
be a maximum of one error per sentence because multiple 
errors in one sentence were difficult to identify. (For exam-
ple, how many errors are in this sentence: “President Bush 
is a ballet dancer who is a quarterback for a neuron.” Two? 
Three? Four?) The paragraphs evaluated by students are 
scientific concepts put into narratives; there is a scientific 
story line within each paragraph. For students who know 
and understand the concepts, errors should be easily iden-
tifiable. But for students with less accurate understandings, 
the errors—and more specifically the number of errors—are 
much more difficult to identify. This type of multiple-
choice question requires considerable student knowledge, 
but moves to higher levels of Bloom’s taxonomy because it 
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involves the analysis and evaluation of an explanation. This 
type of question can place a higher cognitive demand on a 
student than a basic knowledge question, but it can still be 
used within a multiple-choice exam.

Evaluation
A study examining the “You are the Teacher” ques-

tions’ ability to discriminate between A, B, C, D and F-level 
students was performed in the fall of 2002 using students 
in a one-semester, freshman-level anatomy and physiol-
ogy course taught in General College at the University of 
Minnesota. The questions were administered in two dif-
ferent settings. First, students practiced answering “You 
are the Teacher” questions during five quizzes given at 
different times throughout the semester. In this setting, 
students first answered the questions on an individual 
basis, and then also used the same questions for a group 
activity. The group activity was designed to help students 
understand the intent of the questions; they were able 
to watch and query other students while they proceeded 
through the questions. The second setting in which we 
administered the “You are the Teacher” questions was 
within large exams. The course had two 50-question exams 
(Tests 1 and 3), and two 100-question exams (Tests 2 and 
4). Three “You are the Teacher” questions were used on 
the 50-question exams, and six were used within the 100-
question exams. 

Eighty-four students completed all the exams and were 
included in the evaluation. The following procedures were 
followed for the statistical analysis. First, all of the “You are 
the Teacher” points were summed across all four exams 
for each student (a maximum of 18 points). Next, the 
total points scored on the “You are the Teacher” questions 
were correlated with each student’s total points earned in 
the course (a maximum of 500 total points) minus their 
points scored on the “You are the Teacher” questions. The 
“You are the Teacher” points were subtracted from the total 
points to make the former independent from the latter. We 
used total points because it represents a student’s overall 
performance on exams, quizzes, lab reports, lab tests, etc.

A correlation of 0.81 was calculated for the “You are 
the Teacher” questions vs. total course points minus the 
“You are the Teacher” points (see Figure 1). Though far 
from a perfect correlation (i.e., 1.0), the data show a strong 
relationship between student performance on the “You are 
the Teacher” questions and students’ overall performance 
in the course. These data indicate that the “You are the 
Teacher” questions are effective at discriminating between 
A, B, C, D, and F-level students.

Conclusions
Over the 15 weeks of the semester, topics for the 

“You are the Teacher” questions included protein syn-
thesis, mitosis and meiosis, muscle contraction, blood 
pressure regulation, nephron physiology, and several oth-
ers. Additionally, questions that were initially used on 
quizzes were frequently modified and used on exams. 

Modifications normally involved altering key terms (e.g., 
changing diffusion to active transport, or sodium to potas-
sium). All questions used in this study related to human 
anatomy and physiology, but they could be used in any 
course in which concepts can be written into story form.

During the semester students had ample opportunity 
to practice the “You are the Teacher” questions (e.g., indi-
vidual and group quizzes and homework assignments), yet 
most students’ reactions to the questions were negative. 
“Are you going to put those find the error questions on the 
next test, too?!” and “Could we please not have any more 
of those types of questions!” were typical comments. No 
student requested more “You are the Teacher” questions 
on exams, and many students wanted the questions to be 
eliminated. Despite these comments and opinions, virtual-
ly all students agreed that the questions required students 
to have a thorough understanding of the concepts, and 
that the questions were fair.

A single test comprised of only “You are the Teacher”  
questions would definitely be challenging for entry-level 
students, and their continued use would likely lead to 
high drop-out rates and low teacher evaluations. The mix 
of three questions out of 50 (Tests 1 and 3) and six ques-
tions out of 100 (Tests 2 and 4) seemed about right, and 
maybe a bit heavy. However, the majority of questions on 
those exams were knowledge-based and, as usual, many 
students answered those questions correctly. A logical next 
step in the development of the “You are the Teacher” ques-
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Figure 1. 
Scatter plot shows that “You are the Teacher” questions correlate 
well with overall grade achievement and discriminate well between 
high-end achievers (A and B students) and other students. 
Teacher Question Points represent the total number of points earned 
on the “You are the Teacher” questions.
Adjusted Total represents the total number of points earned in the 
class minus the total number of points earned on the “You are the 
“Teacher” questions.
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tions would be to evaluate their use with students in more 
advanced courses.

When placing a test question into a difficulty hier-
archy, such as Bloom’s taxonomy, it is necessary to keep 
your students’ abilities in mind. A very difficult “You are the 
Teacher” question for our students (freshman) would likely 
be at the “evaluation” or “analysis” levels, but that same 
question used with more advanced students would prob-
ably fall into the “knowledge” level. In fact, an argument 
could be made that “You are the Teacher” questions are 
strings of knowledge-based questions that simply require 
“more knowledge.” Much more in-depth research would 
be needed to truly say that our students are achieving the 
upper levels of Blooms taxonomy. However, what we can 
say with confidence is that students’ performance on the 
“You are the Teacher” questions correlated very strongly 
with overall course performance in this specific course. 

Biology courses, and especially anatomy and physi-
ology courses, have long had the reputation of being 
“fact-based:” Students simply memorize a bunch of facts 
and then regurgitate them on exams that emphasize the 
knowledge level of Bloom’s taxonomy. There will always 
be “facts” in science classes, and thus there will always be 
a place for knowledge-based questions on exams. However, 
it is important that science teachers stress a balance of 
cognitive tasks within our courses. Writing multiple-choice 
questions that achieve the upper levels of Bloom’s tax-
onomy (analysis, synthesis, and evaluation) is difficult, but 
can be achieved through use of the “You are the Teacher” 
questions. 
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