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Abstract

In this thesis the results of an analysis of free response questions using a rubric

based on Bloom's taxonomy is presented. Free response (FR) is a form of assessment

that can be used to evaluate thinking skills. According to Bloom’s taxonomy, there are

six levels of thinking skills: remembering, understanding, applying, analyzing,

evaluating and creating. We coded a set of data from a large-scale assessment at Texas

Tech University used to examine FR, multiple choice (MC) and mixed format

(MC/FR) questions. We also interviewed a subset of the students on their answers to

one problem, allowing us to evaluate the students' thinking skills in two settings. The

interviews were coded using the same rubric based on Bloom's taxonomy and the

results of the written format and the interviews were then compared.

We found:

1) The students rarely utilized higher level thinking skills (analyzing,

evaluating, creating) in solving the problem. This was partly because the

wording of the problem was such that those skills were not needed in order

to Obtain at a correct answer.

2) The written assessment and the interview assessment yielded similar

results. This means that the more efficient written assessment alone provides

sufficient evidence to identify the thinking skill levels demonstrated by the

students in solving the problem, even though the interviews supply deeper

insight into students' thinking.
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3) A significant percentage of the students, when presented with an FR

question, did not even demonstrate the lowest level of Bloom's taxonomy in

their answer.
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Chapter 1

INTRODUCTION

This research was designed to assess the level of thinking skills applied by

students when solving physics problems. We assert that physics classes at a

University should not just teach basic physics concepts but also promote scientific

and critical thinking skills (Gelder, 2005). Critical thinking skills, in general,

compose the process by which people interpret information, analyze and make

inferences and ultimately make a decision based on information given (Garrison,

1992; Halpern, 1999).  Scientific and critical thinking skills are useful to students

not just in physics, but in other classes in different subjects, in life and in their

future careers (Tiwari, 2006; Halpern, 1999).  

There are two commonly used types of assessment, Multiple Choice (MC)

and Free Response (FR). We chose to examine FR questions to assess the level of

thinking skills students applied (Case, 1993) because it requires the students to

show their work and they can be coded using a rubric based on Bloom's taxonomy.

MC questions test students on their ability to arrive at the correct answer but don’t

require explicit evidence of thinking skills.

This research was part of a larger research project, assessing students’

understanding of physics concepts across all of the introductory physics courses at

Texas Tech University that took place between 2009 and 2012, funded by a grant

from the National Institutes of Health (NIH) (NIH, 2009; Thacker, 2014, 2017).

The project was a large-scale assessment, including analyses by conceptual

inventory and locally written FR problems, as well as teaching assistant
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evaluations and scientific thinking inventories. The FR problems were of particular

interest because they can be coded for the assessment of thinking skills. In addition,

we observed that a significant number of the students’ written answers were either

1) sparse, not giving much information on their thought processes or 2) of a form

that indicated a very low level of thinking skills. This raised the question of

whether the answers were actually representative of their thinking skills or not.

Because of this, a subset of the students were interviewed to gain further insight

into their thinking processes (Osborne, 1979) after they had completed the written

part of the assessment. This thesis focuses on the comparison of the interview

results to the results of the written part in order to evaluate the sufficiency of the

written part in determining the level of thinking skills applied.
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CHAPTER 2

STUDENT POPULATION, PROBLEM AND RUBRIC

Student population 

The introductory physics classes assessed were large lecture classes taught

at Texas Tech University. We assessed both the calculus-based and the algebra-

based classes. The instruction was primarily traditional lecture, with one two-hour

lab and one one-hour recitation section. Students from each of the lecture

instructors were mixed in the labs and recitations. The students of the calculus-

based course were mostly engineering and computer science majors. The students

of the algebra-based course were mostly pre-health science majors. We asked

students from the introductory calculus-based classes to participate in the

interviews as an extra credit opportunity. It is the calculus-based student that we

are reporting on.

The problem 

The problem analyzed is presented in Appendix A. The problem that was

given to the students in the interview was identical to the one given as a quiz in the

discussion sections. We found in our analysis of the written problems using a

rubric based on Bloom’s taxonomy, that the students rarely applied thinking skills

beyond the lowest three levels of Bloom’s taxonomy, as that was not necessary to

obtain a correct answer on the quiz. So the interviews were also coded for the first

three levels of thinking skills as defined by Bloom’s taxonomy.  
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The rubric

We used a rubric based on Bloom’s Taxonomy to analyze our data

(Athananssiou, 2003; Crone-Todd). Although named after Bloom, the publication

of the Taxonomy of Educational Objectives followed a series of conferences from

1949 to 1953, which were designed to improve communication between educators

on the design of curricula and examinations (Forehand, 2010).

The first volume of the taxonomy, Handbook I: Cognitive, was published

in 1956, and in 1964, Handbook II: Affective was published (Seaman, 2010). A

revised version of the taxonomy for the cognitive domain was created in 2001

(Forehand, 2010). According to Vanderbilt University center for teaching, this

version of Bloom’s Taxonomy (the revised edition in 2001, which is the newest

version) includes the six levels: Remember, Understand, Apply, Analyze, Evaluate,

and Create (figure 2.1).
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Figure 2.1: Bloom’s Taxonomy

We created a rubric based on Bloom’s taxonomy for the problem we were

analyzing. It is:

1. We defined Remember as evidence of recalling the related physics concepts or

equations;

2. We defined Understand as recognition of the meaning of a concept or equation

beyond simply stating it, such as recognition of constraints or data given in the

problem necessary to apply in order to get an answer;

3. Apply was defined as the synthesis of the physics theory with the given

conditions in the problem – the combination of (1) and (2) in order to get an

answer;

4. Analyze was defined as a deeper, more detailed investigation of the problem

beyond obtaining a solution, exploring the validity of the solution – does the

answer make sense?;

5. Evaluate was defined as a more detailed analysis of the solution, considering the
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problem and the solution in a broader context, comparing possible outcomes in

different situations;

6. Create was defined as creating new problems and formulating new solutions

based on the concepts and information presented in the initial problem.
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CHAPTER 3

METHODS

Data Collection 

Our research was conducted in two parts, a paper-based part and an

interview.

Paper-based 

For the paper-based part, we administered the question as a quiz in the

recitation sections of the calculus-based courses.  

Interview  

We had 19 students take part in the interview portion of our research.

Students from all of the calculus-based classes were asked to volunteer for an

interview for extra credit.

For the interview part, we gave the students ten minutes to solve the free

response problem on paper. Then, after they were finished, we interviewed the

students with questions related to the physics concepts they used and the process

they used to solve the problem. We asked questions to probe the students’

understanding and their use of naïve, "intuitive" concepts, which are basic

cognitive resources, such as phenomenological primitives (p-prims) (diSessa, 1993;

Hammer, 1996 and 2000), as opposed to the use of physics concepts. Students

were eventually prompted with physics concepts, if the student at first used only

intuitive concepts to justify their answer. The students were also asked if they were

given the exact same problem but in multiple choice format, how they would
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approach the problem.

After all the interviewed were completed, we analyzed the results

qualitatively and with the same thinking skills rubric use for the written part.

Analysis

Written Part 

The students' answers were analyzed by giving a 1 or a 0 for each level of

Bloom's taxonomy as defined above. Here we present a more rigorous definition

of the rubric for each part of the problem, giving examples of the use of the rubric.

 Analysis of Part (a):

For problem Part (a):

The two most common ways to find the velocity at the bottom are: 1) from

the concept of conservation of energy and 2) from force concepts combined with

kinematics.

From energy conservation to solve for velocity, the rubric was defined as follows:

1. Remember: The student was counted as applying the skill of remembering

if they wrote down words or equations related to or expressing the conservation of

energy, such as: “energy conservation”, ” mgh = ½ mv2”, or “potential energy is

converted to kinetic energy”.

2. Understand: To be counted as understanding, the student’s answer would

need to supply evidence of the recognition that energy conservation could be used

in this problem to find the relationship between the height and final speed,

including the written evidence of the recognition of the importance of given values
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and constraints to solving the problem, such as the fact that the initial heights were

important and the initial velocities were identical.

3. Apply: The student was counted as Applying if they applied the given

conditions and conservation of energy to yield the conclusion that the speed is a

function of the height and use that to rank the speed.

We did not see evidence of the use of the higher-level thinking skills, so we

coded only the first three levels. 

From force and kinetic equations to solve for velocity:

1. Remember: The student was counted as Remembering if they wrote down

evidence in words or equations of the need to use force concepts and kinematics

equations, such as vf2=vi2+2ax, and Newton’s second law F=ma, in order to solve

the problem.

2. Understand: The student was counted as Understanding for written

evidence of the need to use force concepts to calculate the acceleration down the

slope and then to apply kinematics equations in the direction of motion with the

proper initial conditions in order to obtain an answer.

3. Apply: The student was counted as Applying for calculating the

acceleration down the slope using force concepts and combining that with

appropriate kinematics equations and the proper initial conditions to obtain a

ranking.

Again, we did not see evidence of the use of the higher-level thinking skills,

so we coded only the first three levels.
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Analysis of part (b)

1. Remember: The student was counted as Remembering if they wrote down

evidence in words or equations of the need to use force concepts and

kinematics equations, such as x= vi t +1/2 at2 and Newton’s second law F=ma,

in order to solve the problem.

2. Understand: The student was counted as Understanding for written

evidence of the need to use force concepts to calculate the acceleration down

the slope and then to apply kinematics equations in the direction of motion

with the proper initial conditions in order to obtain an answer.

3. Apply: The student was counted as Applying for calculating the

acceleration down the slope using force concepts and combining that with

appropriate kinematics equations and the proper initial conditions to obtain a

ranking.

We did not have evidence of higher-level thinking skills.

Interview Part 

We analyzed the interviews qualitatively first. Then we coded the interview

part using the same rubric as we used in the written part. It is more difficult to coe

this part, as we had to watch the video repeatedly to identify verbal evidence of the

use of thinking skills. After identifying segments of the video that represented

verbal evidence of thinking skills, we coded the data in a similar manner to the

written part referring to the rubric, we gave a student a “1” or a “0” on the first
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three levels of thinking skills. Again, we did not have evidence of the higher levels.

For example, an answer would receive a ‘1” for “Remembering” in part (a) for the

statement: “I am using energy conservation to solve for the speed, and the

potential energy of the ball on the top should equal the kinetic energy at the

bottom.” Further examples are in Appendix B.
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CHAPTER 4

RESULTS

Written part

We report just on the written data of the students who were also

interviewed. Students received a “1” or a “0” for each level of Bloom’s taxonomy

based on the rubric described in Chapter 2.

From our data, 11 of 19 students got “1” from the “remember” level in part

(a), and 5 of 19 students get “1” from the “remember” level in part (b). For the

level “understand”, 8 of 19 students have “1” and only 2 of 19 students have “1”.

In part (b). A slightly decrease in part (a) but significant drop on part (b), from our

rubric, When we come to the level “apply”, 7 of 19 achieve a “1” from part (a) and

2 of 19 receive a “1” from part (b) on “apply” level. The results are shown in

Table 1.

A high percentage of the students did not even demonstrate evidence of

“Remembering”, with 8 of 19 and 14 of 19 recorded as “Zeroth level” in Table 4.1.

The most common theme for incorrect answers is for the student to base their

ranking on the angle or the sin of the angle. They focus on surface features of the

problem and not on the physics of the problem.
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Table 4.1: Data for written part for students who were also interviewed.

“Zeroth

level”

Remembering Understanding Applying

Part (a) 8 11 8 7

Part (b) 14 5 2 2

Interview part

In the video section, the students were asked to talk about what they were

thinking while solving the problem, especially which physics concepts to use and

how to use the concepts with the conditions given in the problem. It is interesting

to observe that the majority of the students used only surface features to justify

their answers, as they did in the written part.

In part (a), 12 of 19 students achieve the “remember” level, 7 of 19

students get a “1” on the “understand” level, and only 4 of 19 of them receive a

“1” on the “apply” level. In part (b), 5 of 19 students get a “1” on the “remember”

level, the same 5 of 19 get a “1” on the “understand” level, and 4 of them get a “1”

on the “apply” level (Table 4.2).

The videos give us a deeper insight into their thinking skills, a more

detailed vision of their logic, step by step, their ability to retrieve the information,

combine it with the conditions, and calculate an answer.
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Table 4.2. Results from interview part.

“Zeroth

level”

Remembering Understanding Applying

Part (a) 7 12 7 4

Part (b) 14 5 5 4

In-depth analysis and comparison

Looking at individual students, one student performed significantly better

on the video than on the written part, moving from a “1” on part (a) and a “0” on

part (b) to a “3” on each part. One other student increased from a “1” on the

written to a “3” on part (b). Four students decreased a level on the video part,

indicating that it was possible to get counted as a higher level of thinking skill

based just on the written, based on the rubric. However, overall, most students

video responses were consistent with the written part. Students at level Zero,

remained at level Zero, except for one in part (b) and two in part (a). Only 10%

demonstrated a higher level of thinking skill on the video part than on the written

part and 21% scored one level higher on the written part. In 69% of the students’

answers, there was no change. From this we can conclude that the written part did

not underestimate the level of thinking skills of the students 90% of the time and,

if anything, the written part was more likely to overestimate the performance of

the students. Sixty-nine percent of the students showed no change from the written

to the oral part.
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There is a table of individual students results in Appendix C.

Other significant results

1) None of the students in the study exhibited higher level thinking skills

(analyzing, evaluating, creating). This was partly because in this problem, as in

many physics problems, it is not necessary to go beyond “apply” to get the correct

answer. The student may analyze the solution to see if the solution make sense, but

it is not required for them to write that down or talk about the process of verifying

the answer (in the paper-based version).

2) For part (a) written portion, 8 out of 19 students, and in the oral portion

7 out of 19 students, failed to exhibit any of the Bloom’s taxonomy levels of

thinking skills. For part (b) written and oral portions, 14 out of 19 students

failed to exhibit any Bloom’s taxonomy level of thinking skills. The students did

not even exhibit “Remembering”. The students’ answers in these cases were just

statements, attempts to use surface features of the problem only, or use of lower

level cognitive resources, such as p-prims. Examples of this are given in Appendix

B.
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CHAPTER 5

DISCUSSION AND CONCLUSION

We were doing this research to verify that the high percentage of student

answers we were seeing at the “Zeroth” or “Remembering” levels only on the

written part were actually representative of the students’ thinking skills. We did

this by qualitatively analyzing oral interviews with a subset of the students. We

found that 69% of the time, there was no change in the thinking skill level of the

student from written to oral interview, 21% of the time, the written form was

evaluated at a higher level and 10% of the time the oral form was evaluated at a

higher level. This validates our hypothesis that a student’s performance on the

written part is representative of their knowledge level and thinking skills. We

predicted that the interview would be consistent with their written part.

From the data we collected, both by interview and results on paper, the

identifiable thinking level does not change significantly in 90% of the students

answers. The interview method does provide some additional information about

the student’s thought process, but the interview method is more time and labor

consuming in both data collection process and coding process. The additional

information gained does not outweigh the extra resources devoted to the interview

part.

In conclusion, we assessed the student’s thinking skills using the written

method and the interview method. The written method and interview method yield

similar results. The written assessment alone should be able to evaluate the

thinking level exhibited by the student.
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Other significant results were that a high percentage of the students do not

demonstrate use of thinking skills even at the level of “Remembering”, based on a

rubric based on Bloom’s taxonomy and we do not have any evidence of the use of

higher level thinking skills on this problem.
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APPENDIX A

The problem

For the figures below, all surfaces are friction less. All masses are identical.

All masses start from rest.

a) Rank in order from greatest to least the final velocities of the blocks.

Explain your ranking. Show work and calculations.

b) Rank in order from greatest to least the time it takes each block to

reach the bottom. Explain your ranking. Show work and

calculations.
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Correct solution

For part (a)

1 From energy perspective:

From energy conservation,

mgh = 1/2mv2

We can then conclude

v=��31

where h = 1.0m for ramps A and ramp C, and h = 2.0m for ramps B and D. Thus

the rank of the final speed should be: B=D>A=C, because the speed only depends

on the height.

2 From the kinetic perspective:

From force and kinetic equations one can solve for velocity using:

vf2=vi2+2ax

and Newton’s second law

F=ma

Then analyze the net force down the slope

F=mgsinθ

and

F=ma

so

a=gsinθ

Since x, the displacement of the ball down the plane, is known, we can

apply the kinematics equations to the four ramps to solve for the final velocity.

The initial velocity is zero in all four cases.

For ramp A, the length of the ramp is 10m, the angle sinθ=1/10, so we have

vf2=0+2g* (1/10)*10m

and since g=9.8m/s2,

vf=4.4m/s
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Following a similar process, we can find the final velocity for ramps B, C and D is

6.3m/s, 4.4m/s and 6.3m/s. Thus B=D>A=C.

For part (b):

We can analyze this problem applying both Newton’s second Law and

kinematics equations. In all four situations, the force along the hypotenuse is

iF = mg*sinθ

where θ is the angle of the ramp and by Newton’s second Law, F = ma,

a = g sinθ

Then we can use the kinematics equation

x= vi t +1/2 at2

The initial velocity is zero in each case and we can then calculate the time

the ball takes to reach the bottom using the conditions given by for each ramp.

,For ramp A, the height is 1m, the hypotenuse is 10m, sinθ= 1/10. Using

t=√2x/a

we find

t=√20m/(g/10)=√200m/g

Similarly for ramps B, C, and D,

for case B, t=√10m/(2g/5)=√25m/g,

for case C, t=√10m/(g/5)=√50m/g

for case D, t=√20m/(g/)5=√100m/g

Then we can rank the time from longest to shortest is: A, D, C, B.
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APPENDIX B

Examples of student’s answers

For both part (a) and part (b), we have selected a few examples from

students’ responses that exhibit:

No thinking skills based on the rubric;

Some thinking skills;

All three of the lower levels of thinking skills.

Written Part

For part (a) :

Zeroth level thinking skills

Here are examples of student answers that received a “0” for all three

levels: “remember”, “understand” and “apply”.

One student states: “B, C, D, A because shorter distance to travel with a

steeper angle due to a larger height would have the fastest velocity.”

Another student states: “ B > C/D > A. The angle is greatest for figure B

and therefore will allow the greatest acceleration due to gravity. Ramps C and D

are basically the same but just differ in scale. Ramp A will be the block with least

velocity at the bottom because this angle versus length is the greatest.”

These are examples of students using surface features of the problem, such

as length or angle, to decide on an answer and not applying physics principles to

solve the problems.

Examples of Remembering level thinking skills

Here is an example of a student who receives a “1” for “remember” level

and a “0” for all other levels. The student correctly states

mgh= ½ mv2

and but then has a lot of unclear words and appears to rank based on distance
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down the slope and angle. .

Example of using all three of the lower level thinking skills

Here is an example of a student gets “1” on his all three levels, “remember”,

“understand” and “apply”. His answer is:

PE(at top)=KE(at bottom)

KE=1/2mv2

v=√2gh

And then he states

“for ramp A, mgh=mg(1),

for ramp B, mgh=mg(2),

for ramp C, mgh=mg(1),

for ramp D, mgh=mg(2)”

And “A and C will have the same velocities but will be slower than B and D,

which will have equal velocities.”

For part (b):

Zeroth level examples

One student said, “A, D, C, B. B has the steepest angle, followed by d, C,

where D has a longer surface to travel, and A is slowest because it has the same

surface length as D, but is a less steep angle.”

Another student answered, “B > C > D> A. B will be first because it is only

5m and has the greater angle (therefore greater final velocity). While C and D will

have equal velocities. C has the shorter overall distance and will therefore take less

time than D. Finally, A has a distance of 10m to cover with, as stated above, the

slowest of the four velocities.”

Yet another student answered, “ I used the Pythagorean theorem, if they all

start from rest, you can just calculate the distance and the longest distance will take

the most time.”
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Remembering level example

Here is an example of a student that received a “1” for “remember” level

and “0” for everything else. The student wrote down

“x-x0=v0t+1/2at2”,

but did not use the correct distance or correct acceleration.

Example of using all three lower level thinking skills

A student had calculated the final velocities correctly using kinetic

equations and analyzing the force in part (a), then used

vf=1/2at2

correctly to calculate the four different scenarios for time t.

Interview Part

We present only a few examples of clips of conversation for the lower

levels for the interview part.

For Part (a)

Zeroth level

One student was coded with a “0” for all three levels, because he would

say thing s like: “ Because I remember initially velocity will change with time, but

then I forgot there is like, it equal to each of these…and so, er…and now the

critical thing is the one with the greatest angle, and the longer distance, but I am

not even sure about that.” This is an example of using angle and distance

arguments.

Remembering level

Another student who was coded with a “1” on the remember level, and “0”

for understand and apply, said things like ” I think v is a problem, I do not know,

like, when you are getting, something like, unknown, all the physics you learn,

like…,v2=2ad,” attempting to solve with kinematics, but was not able to follow

thorugh correctly.



Texas Tech University, Zhuang Zhuang, Dec 2017

26

For Part (b):

Zeroth level

A student was coded “0” for all three levels because he said” force=mass

times gravity. I think this one has the longest slope. I want to cross out A and D

because they have longer slope.” The focus was on slope instead of physics

concepts.
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APPENDIX C

Student’s thinking levels in detail

written remember understand apply

student1 a 0 0 0

b 0 0 0

student2 a 0 0 0

b 0 0 0

student3 a 0 0 0

b 0 0 0

student4 a 0 0 0

b 0 0 0

student5 a 1 1 0

b 1 1 0

student6 a 1 1 1

b 0 0 0

student7 a 1 0 0

b 0 0 0

student8 a 1 1 1

b 1 1 1

student9 a 0 0 0

b 0 0 0

student10 a 1 1 1

b 1 1 1

student11 a 1 1 1

b 0 0 0

student12 a 0 0 0

b 0 0 0
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student13 a 1 1 1

b 1 0 0

student14 a 1 1 0

b 0 0 0

student15 a 1 1 0

b 0 0 0

student16 a 0 0 0

b 1 0 0

student17 a 1 0 0

b 0 0 0

student18 a 0 0 0

b 0 0 0

student19 a 1 0 0

b 0 0 0

video remember understand apply

student1 a 0 0 0

b 0 0 0

student2 a 0 0 0

b 0 0 0

student3 a 0 0 0

b 0 0 0

student4 a 0 0 0

b 0 0 0

student5 a 1 1 0

b 1 1 0

student6 a 1 0 0

b 0 0 0
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student7 a 1 0 0

b 0 0 0

student8 a 1 1 1

b 1 1 1

student9 a 0 0 0

b 0 0 0

student10 a 1 1 0

b 1 1 1

student11 a 1 1 1

b 0 0 0

student12 a 0 0 0

b 0 0 0

student13 a 1 1 1

b 1 1 1

student14 a 1 1 0

b 0 0 0

student15 a 1 0 0

b 0 0 0

student16 a 0 0 0

b 0 0 0

student17 a 1 0 0

b 0 0 0

student18 a 0 0 0

b 0 0 0

student19 a 1 1 1

b 1 1 1
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