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APPENDIX B:

RESEARCH INSTRUMENTS

The following documents are the instruments used in the study. The research instruments

consist of three parts:

Part I: Pre-learning Task

Part 11: Learning Event Activity

Part 111: Post-Learning Task
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Part I: Pre-Learning Task

USE

UNIVERSITY OF
SOUTH FLORIDA

PLEASE, DO NOT WRITE ON THIS TEST.
MARK YOUR ANSWERS ON THE SCANTRON SHEET.

Entropy (S) is a thermodynamic function that increases with the number of energetically
equivalent ways to arrange the components of a system to achieve a particular state. It may be
thought of as a measure of the dispersion of the energy in a system and it is associated with
disorder or randomness at the molecular level.

Next you are presented with 10 different cases. Choose the option (A) or (B) with the higher
entropy in each of the following cases 1-10, or mark option (C) if both have the same entropy.
Assume constant temperature except in question (5). Mark your answers in your scantron.

1) (A) 1 mol of SOy (6) (A) 1 mol of CFa()
(B) 1 mol of SO (B) 1 mol of CClyg
(C) Same entropy (C) Same entropy
2 (A) 1 mol of COy (7) (A) 1 mol of N,Oq
(B) 1 mol of COy() (B) 2 moles of NOy,
(C) Same entropy (C) Same entropy
3) (A) 3 moles of Oy (8) (A) 1 mol of Bryg
(B) 2 moles of O3 (B) 1 mol of Bry,
(C) Same entropy (C) Same entropy
4) (A) 1 mol of KBrg 9) (A) 1 mol of CyHg(g)
(B) 1 mol of KBr () (B) 1 mol of CsH1q(g)
(C) Same entropy (C) Same entropy
5) (A) Seawater at 2 °C (10)  (A) 1 mol of P,O1q
(B) Seawater at 23 °C (B) 2 moles of P,0s5
(C) Same entropy (C) Same entropy
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Part I1: Learning Event Activity

We have seen that both the system and surroundings may undergo changes in entropy during a
process. The sum of the entropy changes for the system and the surroundings is the entropy
change for the universe:

ASuniv = ASsys +  ASsurr

The Second Law of Thermodynamics says that for a process to be spontaneous as written (in the
forward direction), ASyniy must be positive (ASynv > 0). Therefore, the system may undergo a
decrease in entropy as long as the surroundings undergo a larger increase in entropy making the
resulting ASniv positive, and vice versa. A process for which ASy,y IS negative is not
spontaneous as written.

Condition A: Reviewing a solved example without explaining (non-explaining: NE)

The analysis of the following case is correct. Please review this information and compare it with
the statements above. Understanding this explanation will help you with the next question.

When water freezes below 0°C, its change in entropy is negative (ASsys < 0). However, this
process is exothermic and the heat released increases the entropy of the surroundings (ASsur
> 0) by an amount that outweighs the decrease in entropy of the water sample. Therefore, the
overall change in entropy of the universe is positive (ASuny > 0) which explains why the
process is spontaneous.

Condition B: Working on a problem and explaining one’s own answer (self-explaining own
answer, SEA).

When water freezes below 0°C, its change in entropy is negative (ASsys < 0). However, this
process is spontaneous. How do you explain this? Please be as thorough in your response as
possible.

181



Condition C: Considering others’ answers to a problem and explaining one’s
agreement/disagreement (self-explaining agreement/disagreement: EADA)

When water freezes below 0°C, its change in entropy is negative (ASsys < 0). Despite this
observation, your group members maintain that this process is spontaneous. Therefore, they
say, no energy input from the outside is necessary to make this change happen. Do you agree
with your classmates? Please explain and be as thorough in your response as possible.

Condition D: Explaining answer to a problem for others to use in their studying (self-
explaining for others, SEO)

When water freezes below 0°C, its change in entropy is negative (ASsys < 0). However, this
process is spontaneous. Explain this in writing so that a classmate of yours can use your
explanation as reference when answering a similar problem. Your answer will be used by
your classmate. Please be as thorough in your response as possible.

Condition E: Explaining others’ incorrect answers to a problem (self-explaining incorrect
answer: SEIA)

When water freezes below 0°C, its change in entropy is negative (ASsys < 0). Your group
members maintain that this process will not occur spontaneously. Therefore, they say, there
must be an energy input from the outside to make this change happen; otherwise, water will
not freeze. This stance is incorrect. What do you think led your classmates to this incorrect
conclusion? Please be as thorough in your response as possible.
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Part I11: Post-Learning Task

CHM 2046 General Chemistry 11
University of South Florida
Name: U#:

Instructions: Mark the option that corresponds to your answer on your scantron sheet and clearly
explain the reasoning for your answer on this document.

11. By dissolving a solid sample of sodium chloride, NaCl, in water (mark your answer on your
scantron, #11):

(A) the entropy of the system increases.

(B) the entropy of the system decreases.

(C) the overall entropy does not change.

(D) there is not enough information to answer the question.

(E) the entropy of the surroundings increases.
Clearly explain the reasoning for your answer to the previous question. Provide chemical
equations or use diagrams as necessary.

12. The diagram shows a sample of oxygen in the gas phase in contact with liquid water.
By dissolving the gaseous oxygen in water (mark your answer on your scantron, #12):
(A) the entropy of the oxygen molecules increases.
(B) the entropy of the surroundings does not

change. @ @
(C) the entropy of the oxygen molecules does | Gasphase (= @
@ @
not change. 0,
(D)there is not enough information to answer | |jquiq <o) “Q§@ e
the question. pefee) ¢® < ¢° @
(E) the entropy of the oxygen molecules ’

decreases.
Clearly explain the reasoning for your answer to the previous question. Provide chemical
equations or use diagrams as necessary.
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13. In order for the dissolution of a gas in water to happen SPONTANEOUSLY (mark your
answer on your scantron, #13):

(A)the change in entropy of the system must
be positive. Gas phase @« o ©

(B) the change in entropy of the surroundings @ |
must be negative. gas

(C)the change in entropy of the universe | Hauid CD? CO‘;? O ‘:; o
must be positive. ‘, H,0

(D)all changes in entropy must be positive.
(E) the dissolution of gas in water is never spontaneous.
Clearly explain the reasoning for your answer to the previous question. Provide chemical
equations or use diagrams as necessary.

14. Folding of proteins: Under normal physiological conditions, certain large molecules
(polypeptides) spontaneously fold into unique three-dimensional structures (native proteins).
This process is depicted in the diagram below.

These folded structures perform various biological
functions. The original form of these large molecules
(left side) can assume many possible configurations
while the native protein (right side) has only one specific
arrangement.

UNFOLDED MOLECULE - FOLDED MOLECULE

The folding process is (mark your answer on your scantron, #14):
(A) accompanied by an increase in entropy of the system.
(B) accompanied by no change in entropy of the system.
(C) accompanied by a decrease in entropy of the system.
(D) accompanied by a zero net change in entropy of the universe.
(E) there is not enough information to answer the question.
Clearly explain the reasoning for your answer to the previous question.
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15.  For the folding of these large molecules to happen spontaneously (mark your answer on
your scantron, #15):
(A) the change in entropy of the system must be positive.
(B) the change in entropy of the system must be positive and larger than the change in
entropy of the surroundings.
(C) the change in entropy of the system must be larger than the change in entropy of the
universe.
(D) the resulting change in entropy of the universe must be negative.
(E) the change in entropy of the surroundings must compensate the change in entropy of
the system.
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APPENDIX C:

INTERVIEW PROTOCOL

Think-aloud Interview protocol: Students’ assessment of research materials

Introductory aspects

Read to interviewee:

We are testing an instrument that has questions that may be difficult to understand, hard
to answer, or that make little sense. We would like you to answer the questions as carefully as
possible. We are primarily interested in the ways that they arrived at those answers, and the
problems they encountered. Therefore, any detailed help you can give us is of interest, even if it
seems irrelevant or trivial.

We are not looking for correct answers; we just want to listen to your comments. | didn't
write these questions, so don't worry about hurting my feelings if you criticize them -my job is to
find out what's wrong with them.

The conversations will be audio taped just as a means for us to go back and review what
was said and not who said what. This interview is confidential; you will not be identified by
name and only the transcriber will listen to this tape. The transcriber is bound to confidentiality,

as well. During the conversation, | may take notes which most probably will be reminders to
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myself of something | want to inquire about later, or something especially interesting you said. |
will not jot down things about you, you are not under observation.

Please feel free to spend as much time as you need or want on any given topic. You do
not have to reply to a question if for any reason you do not feel comfortable. We may stop the
conversation at any time you wish or need to. Do not feel like | am being too insistent if | ask
some follow up questions to your comments. It is our interest to clearly understand what you
mean; we are trying to get to a deeper level of understanding.

Once again, this interview is absolutely confidential. We very much appreciate your
taking the time for this conversation. We will start with some general background information

and then we will move on to aspects related to the instrument.

Background

Use these to strengthen rapport with interviewee and set a comfortable environment:
a) What is your undergraduate major in?

b) What chemistry courses have you taken in the past?

c) Are you taking any chemistry classes this semester?

Think-aloud training exercise
"Try to visualize the place where you live, and think about how many windows there are

in that place. As you count up the windows, tell me what you are seeing and thinking about."”

Instrument assessment: One intervention condition

Use prompts and follow-ups as necessary:
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. The following instrument is intended for students taking general chemistry 2. Please read
the following information.
Give student information sheet “Entropy definition”. Give time to read. Then remove
information.
Give student information sheet “Second law of thermodynamics. Give time to read. Let
student keep this information for the rest of the interview.
I will read a question to you and | would like you to think out loud when you answer the
following questions.
Read prompt “Condition B” to student to think-aloud while solving it.
Verbal Probes during resolution:

a. Please repeat the question | just asked in your own words?

b. How did you arrive at that answer?

c. I noticed that you hesitated - tell me what you were thinking.

. Verbal Probes after resolution:

a. How difficult was this question to answer?

b. How sure are you of your answer?

Instrument assessment: Condition comparison

Use prompts and follow-ups as necessary:

Now | am going to give you another question.

Provide another prompt (Condition C — E) to student. Give time to read. Let student keep
this information for the rest of the interview. Verbal probe technique is used.

Verbal Probes:
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a. What does the term "energy input from the outside” mean to you?
b. How hard is it to think of reasons for your classmates to get the incorrect
conclusion?
c. What other reasons can you think of?
d. Overall, how difficult was this question to answer?
3. Provide prompt of another prompt (Condition C to E) to student. Give time to read. Let
student keep this information for the rest of the interview.
Verbal Probes:
a. How difficult is this question to answer?
b. How is this question related to the previous two questions?
c. Please arrange the three questions in order of difficulty. (Give student time to
arrange questions).

d. What do you understand as “difficult” when arranging these questions?

Wrap up

Thank you again for your valuable collaboration. Once more, this interview is

confidential, you will not be identified by name and only the transcriber will listen to this tape.

The transcriber is bound to confidentiality, as well.
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Information sheets

Sheet One: Entropy definition
Entropy (S) is a thermodynamic function that increases with the number of
energetically equivalent ways to arrange the components of a system to achieve a

particular state. It may be thought of as a measure of the dispersion of the energy in a

system and it is associated with disorder or randomness at the molecular level.

Sheet Two: Second law of thermodynamics

We have seen that both the system and surroundings may undergo changes in entropy
during a process. The sum of the entropy changes for the system and the surroundings is the
entropy change for the universe:

ASuniv. = ASsys + ASsur

The Second Law of Thermodynamics says that for a process to be spontaneous as written
(in the forward direction), ASniy must be positive (ASyniy > 0). Therefore, the system may
undergo a decrease in entropy as long as the surroundings undergo a larger increase in entropy
making the resulting ASynjy positive, and vice versa. A process for which ASy IS negative is not

spontaneous as written.
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Prompts evaluated during interview

Condition B
When water freezes below 0°C, its change in entropy is negative (ASsys < 0). However, this
process is spontaneous. How do you explain this? Please be as thorough in your response
as possible.

Condition C
When water freezes below 0 °C, its change in entropy is negative (ASsys < 0). Despite this
observation, your group members maintain that this process is spontaneous. Therefore,
they say, no energy input from the outside is necessary to make this change happen. Do
you agree with your classmates? Please explain and be as thorough in your response as
possible.

Condition D
When water freezes below 0°C, its change in entropy is negative (ASsys < 0). However, this
process is spontaneous. Explain this in writing so that a classmate of yours can use your
explanation as reference when answering a similar problem. Your answer will be used by
your classmate. Please be as thorough in your response as possible.

Condition E
When water freezes below 0°C, its change in entropy is negative (ASsys < 0). Your group

members maintain that this process will not occur spontaneously. Therefore, they say, there

must be an energy input from the outside to make this change happen; otherwise, water
will not freeze. This stance is incorrect. What do you think led your classmates to this

incorrect conclusion? Please be as thorough in your response as possible.
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APPENDIX D:

ASSESSMENT RUBRIC FOR RESEARCH MATERIALS

The following document is the assessment rubric used by experienced chemistry

instructors to assess the pre-learning and post-learning tasks.
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University of South Florida - Chemistry Department
Expert Panel - Review Form

Expert name:
Date: / /

Thank you for your assistance in reviewing this test. The test you are evaluating is comprised of
15 items; a copy of the test is provided with this review form.

Test-Design evaluation
1. Please evaluate each of the 15 items individually and according to the guidelines listed below.
Place an ‘X’ under the corresponding item number if it does not comply with the criterion.

Item
112(3|4|5(6|7|8]9|10|11 |12 |13 |14 |15

Criterion

Stem states the problem clearly

There is only one correct answer to each item

All distractors are plausible

Grammatical clues are avoided

Length and grammatical form of options are consistent

Each item is independent of every other (items do not
CUe responses)

Diagrams are clearly labeled and legible
Item is well written to ensure understanding of the
problem

If necessary please provide comments regarding weaknesses and possible improvements for the items
(e.g. better distractors, suggestions about question format, clarity, etc.) in an additional sheet.

2. Evaluate the test according to the criteria listed. Use the scale given below with 1 being poor and
10 being excellent.

Scale

Criterion

Clear instructions are provided for each item

The test format is clear

Items are well organized

All items are content relevant
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Test-Content evaluation

1. Evaluate each item according to the guidelines listed. Place an ‘X’ under the corresponding item
number if it does not comply with the criterion.

Item

Criterion

Item evaluates factual knowledge

Item evaluates conceptual knowledge

Item assesses mastery of concept: entropy

Item assesses mastery of concept: spontaneity
Item assesses mastery of second law of
thermodynamics

Item elicit student’s abilities to make predictions

If necessary please provide comments regarding weaknesses and possible improvements for the items
(e.g. question difficulty is too high, use of other examples for questions, use of other type of questions,
etc). You may use a separate sheet for your comments.

2. Evaluate the test according to the criteria listed. Use the scale given below with 1 being poor and
10 being excellent.

Scale

Criterion

The items deal with topics covered in the course

Each item is appropriate for the topic evaluated

The items evaluate student’s understanding of relationship of concepts

The items evaluate student’s abilities to interpret diagrams

The items evaluate student’s abilities to analyze problems

The items evaluate student’s abilities to solve problems
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APPENDIX E:

INTERNAL REVIEW BOARD INFORMED CONSENT DOCUMENT

The following information is the informed consent document provided to the students at

the beginning of the data collection semester in the study.
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USE

UNIVERSITY OF
SOUTH FLORIDA

Informed Consent to Participate in Research
Information to Consider Before Taking Part in this Research Study

IRB Study # Pro00007352

Researchers at the University of South Florida (USF) study many topics. To do this, we need the
help of people who agree to take part in a research study. This form tells you about this research
study.

We are asking you to take part in a research study that is called: Effect of Self-explaining on
Chemistry Conceptual Learning

The person who is in charge of this research study is Dr. Santiago Sandi-Urena. This person is
called the Principal Investigator. However, other research staff may be involved and can act on
behalf of the person in charge.

The person explaining the research to you may be someone other than the Principal Investigator.
Other research personnel who you may be involved with include: Todd A. Gatlin, Adrian
Villalta-Cerdas.

The research will be done at the University of South Florida, Tampa campus.

Purpose of the study

The purpose of this study is to:
Determine the effect of an instructional strategy called self-explaining on General
Chemistry students’ learning of chemical concepts. Developing a better understanding of
the impact of this instructional strategy will allow the researchers to propose
improvements in General Chemistry instruction. For this purpose, the information that
may be collected directly from students’ work is invaluable and cannot be substituted by
other sources.

Study Procedures

This study does not alter or disrupt the normal development of instruction. This research will
examine a sample of the work that students are expected to submit as part of their participation in
the course. This study does not create additional work nor does it require additional time
commitment. The research team will conduct statistical and text analysis of students’ regular
work performed for this course.

196



Alternatives

You have the alternative to choose not to grant permission for your class work to be aggregated
to the study. However, you will still be expected to complete all the regular assignments to
successfully complete this course. This study does not change the amount of work that will be
assigned to you as a student in this class. There are three ways in which you can communicate
your decision to the research team in case you choose not to grant permission for your class work
to be used in this study: (1) You may send an electronic message to Dr. Sandi-Urena
(ssandi@usf.edu) with the subject: STUDY OPT OUT OPTION. No text in the body of the
message will be needed; (2) You may contact Dr. Sandi-Urena in person in his office (CHE
202C); and (3) you may call Dr. Sandi-Urena (873 974 0492). Regardless of the method you
choose to employ, you will not need to justify your decision but just communicate it to Dr.
Sandi-Urena. You will receive an email directly from Dr. Sandi-Urena confirming your
communication. Your class work will then not be included as part of the study data collection.

Benefits
There are no additional benefits for participating in this study.

Risks or Discomfort

This research is considered to be minimal risk. That means that the risks associated with this
study are the same as what you face every day. There are no risks associated with participating in
this study since you do not have to do anything different for this study than you will have to do
for your General Chemistry class.

Compensation
There is no compensation associated with this study.

Confidentiality

We must keep your study records as confidential as possible. Data in this study will be treated
with the same level of confidentiality and privacy applicable to your coursework and grades.
However, certain people may need to see your study records. By law, anyone who looks at your
records must keep them completely confidential. The only people who will be allowed to see
these records are:

e The research team, including the Principal Investigator and all other research staff.

e Certain government and university people who need to know more about the study. For
example, individuals who provide oversight on this study may need to look at your
records. This is done to make sure that we are doing the study in the right way. They also
need to make sure that we are protecting your rights and your safety. These include:

o  The University of South Florida Institutional Review Board (IRB) and the staff that
work for the IRB. Other individuals who work for USF that provide other kinds of
oversight may also need to look at your records.

o  The Department of Health and Human Services (DHHS).

We may publish what we learn from this study. If we do, we will not let anyone know your
name. We will not publish anything else that would let people know who you are.

197


mailto:ssandi@usf.edu

Voluntary Participation / Withdrawal

You should only take part in this study if you want to volunteer. You should not feel that there is
any pressure to take part in the study, to please the investigator or the research staff. You are free
to participate in this research or withdraw at any time. There will be no penalty or loss of
benefits you are entitled to receive if you stop taking part in this study. Your decision to
participate or not to participate will not affect your student status or job status. There are three
ways in which you can communicate your decision to withdraw from this study: (1) You may
send an electronic message to Dr. Sandi-Urena (ssandi@usf.edu) with the subject: STUDY OPT
OUT OPTION. No text in the body of the message will be needed; (2) You may contact Dr.
Sandi-Urena in person in his office (CHE 202C); and (3) you may call Dr. Sandi-Urena (873 974
0492). Regardless of the method you choose to employ, you will not need to justify your
decision but just communicate it to Dr. Sandi-Urena. You will receive an email directly from Dr.
Sandi-Urena confirming your communication. Your class work will then not be included as part
of the study data collection.

Questions, concerns, or complaints

If you have any questions, concerns or complaints about this study, call Dr. Santiago Sandi-
Urena at (813) 974 0942.

If you have questions about your rights as a participant in this study, general questions, or have
complaints, concerns or issues you want to discuss with someone outside the research, call the
Division of Research Integrity and Compliance of the University of South Florida at (813) 974-
5638.

If you experience an unanticipated problem related to the research call Dr. Santiago Sandi-Urena
at (813) 974 0942.
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