











Additionally, written explanations accompanying student responses on this assessment were used
to help the researcher more accurately determine the subjects’ level of metacognition as it relates
to knowledge of cognition and regulation of cognition. The data associated with chemical kinetics
reflects the Anchoring Concepts discussed earlier in Table 9 of this chapter. An item analysis of
how data collected correlates with the Anchoring Concepts has also been included in Appendix C.

Table 11 summarizes the timeframe associated with data collection throughout this study.
Approximately three weeks prior to the beginning of the instruction of chemical kinetics content,
students completed three pre-unit assessments (the HFT, PVROT, and CKMCT). The pretest
administration occurred during the third week of March 2017, and students completed all work

within the normal classroom setting during their regularly scheduled class.

Table 11. Timeframe of Chemical Kinetics Research Study Data Collection

Day of research study Date Activity Purpose

(1) To establish groups
related to field dependence
for use during data analysis
(2) to measure student’s
initial content knowledge
of chemical kinetics

Day 1 (before beginning March 15, 2017 1) Hidden Figures Test (HFT)

the kinetics unit of 3) Chemical Kinetics Multiple
study) Choice test (CKMCT), up to
3 of
the nine test items

Day 2 (before beginning March 16, 2017 1) Purdue Visualization of
the Kinetics unit of Rotations Test
study) 2) Chemical Kinetics Multiple
Choice test (CKMCT), 3to 4

more of the nine test items

(1)To establish groups
related to field dependence
and/or spatial ability for
use during data analysis
(2) to measure student’s
initial content knowledge
of chemical kinetics

Day 3 (before beginning
the kinetics unit of
study)

Days 4-5 (Days 1-2 of
kinetics unit of study)

March 17, 2017

April 5-6, 2017

Completion of outstanding
CKMCT test items

Reaction of Blue Food Dye
with Bleach
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To establish groups related
to field dependence and/or
spatial ability for use
during data analysis

To present a macroscopic
level of representation of
kinetics to students



Table 11, continued

Day of research study Date Activity Purpose
Days 8-9 (Day 6-8 of April 11-12, 2017  Catalysis graphs and chemical ~ To present various
kinetics unit of study) equations involving symbolic levels of

homogeneous, heterogeneous, representation of kinetics
and enzyme catalysts (POGIL to students

activity)
Days 12 (Day 11-12 of April 17, 2017 Lego Lab-simulation rate via To present particulate
kinetics unit of study) assembling/disassembling Lego levels of representation of
blocks kinetics to students
Day 17 (Day 15 of April 24, 2017 1) Chemical Kinetics Multiple 1) Post-test data; to
kinetics unit of study) Choice test (CKMCT), measure the change in each
2) Visual Representations in student’s conceptual
Chemical Kinetics understanding of chemical
Questionnaire kinetics

2) to collect data regarding
students’ perception of
visual representations and
metacognitive awareness
when using representations

On day one of the pretest assessments, students took the Hidden Figures Test-CF1 (HFT)
(Ekstrom, French, Harman, & Dermen, 1976) and responded to three to four questions of the nine
item Chemical Kinetics Multiple Choice Test (CKMCT). Subjects received CKMCT items 1-3, 4-
7, or 8-9 to complete without viewing the other test items to mitigate concerns about testing fatigue
and the possibility of any one test item influencing responses to another test item. Further, specific
questions given to a participant were randomly distributed within each class. Day two of the pretest
assessments consisted of the Purdue Visualizations of Rotations Test (PVROT) (Bodner & Guay,
1997), as well as additional test items (up to the remainder of the test items for the participant)
from the CKMCT. Finally, day three was utilized to administer outstanding test items from the
CKMCT as needed.

The HFT was designed to measure the field-dependency (FDI) of a learner, and is available

from Educational Testing Service (ETS) for purchase. Since model-based instructional techniques
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were used to present content to the participants and participants were tasked with creating,
evaluating, and revising models presented to them during this study, it is important to understand
each participant’s underlying field dependency level. The test is an adaptation of the Gottschaldt
Figures type test, and was selected primarily due to its availability through Kennesaw State
University. The HFT is one of a class of tests measuring constructs related to field dependency and
the ability to identify of detect a known pattern that is hidden in other distracting material (Ekstrom,
French, Harman, & Dermen, 1976).

The HFT has been validated for use with students of age 8-16 (Ekstrom, et al., 1976) and
has been used within chemical education research to establish field-independence in secondary
chemistry students (Danili & Reid, 2006; Ekstrom, et al., 1976 Miyake, Witzki, & Emerson, 2001).
These measures established construct validity for the assessment for this study. Reliability for this
test was originally established using Kuder-Richardson coefficient calculations (KR2o = 0.76).
Cronbach’s alpha calculations were used to establish internal consistency for use with participants
in this study, and was found to be 0.553, a poor internal consistency measure.

The test is broken into two sections of 16 items each, and subjects are allowed 12 minutes
to answer each section. The HFT presents a list of simple shapes, five per page labeled A through
E. The format of the test is identical for each test item: below the list of simple shapes are seven
to nine complex figures. In each test item, students were tasked with determining which simple
shape from the list of choices could be found within the more complexly drawn figure. Four
introductory figures used as examples prior to HFT administration. The overall score on the
assessment was a tally of the number of items marked correct (Ekstrom, et al., 1976). Field-
independence correlates to a higher score, field-dependence correlates to the lower the score on

the Figures Tests (Clark, Seat, & Weber, 2000; Danili & Reid, 2006).
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Participants’ spatial ability could affect the quality and amount of knowledge able to be
abstracted from the conceptual models used during this study, and was likely to be a factor in
overall student achievement in chemical kinetics. As such, it was important to have a measurement
of participants’ spatial ability prior to teaching chemical kinetics. For this reason, day two of
administration of pretests began with the Purdue Visualization of Rotations Test (PVROT)
developed by Bodner and Guay (1997). A meta-analysis of research on spatial ability in STEM
courses by Maeda and Yoon (2013) highlighted evidence supporting the notion that those with
high spatial ability outperform those of lower spatial ability in STEM courses. The PVROT is an
assessment suitable for those 13 or older. It measures spatial ability using the problem-solving,
critical thinking, and visual manipulation skills often needed to interpret and utilize information
presented in STEM-based courses (Maeda & Yoon, 2013). The PVROT version utilized for this
study is a 20 item multiple choice assessment with a 10 minute time limit consisting of both
symmetrical and asymmetrical figures representing 3-D objects for which all three dimensions are
drawn at full scale rather than foreshortening them to the true projections (Bodner & Guay, 1997).
The PVROT is one of the mostly commonly used tests of spatial ability in education research
related to STEM courses and “has been frequently cited as the strongest measure of spatial
visualization ability of mental rotation that most incorporates the holistic or gestalt [perception of
something as being more than the sum of its parts] spatial thinking process and least incorporates
the analytic or analogical spatial thinking process” (Black 2005; Branoff 1998; and Guay et al.,
1978 as cited by Maeda & Yoon, 2013). The PVROT was scored as the number of correct items
out of 20.

The test was designed to see how well a subject can visualize the rotation of three-

dimensional objects within a limited time frame. The types of rotations utilized in the test were
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those commonly used with particulate level representations of molecules and compounds in
chemistry, and involve the rotation of an object around more than one axis and rotations that result
in some portion of the object being hidden from view (Bodner & Guay, 1997). In the PVROT,
subjects are presented with an example of an object that has been rotated in a specific way in the
top line of the question and to select from among five drawings to illustrate the same rotation of a

new object. An example of a question on the PVROT appears in Figure 4.

@ IS ROTATED TO @

RS IS ROTATED TO

BOR O

1. study how the object in the top line of the question
is rotated;

2. picture in your mind what the object shown in the
middle linec of the guestion looks like when rotated
in ‘exactly the same manner:;

3. sclect from among the five drawings (A, B, C, D, or E)
given in the bottom line of the question the one that
locksslike the object rotated in the correct position.

What is the correct answer to the example shown above?

Figure 4. Sample item from the Purdue Visualization of Rotations Test by G. Bodner and R. Guay (1997).
Copyright 1997 by Springer-Verlag New York, Inc.

The test was developed specifically for use within an introductory college level general

chemistry course. While measures for reliability and validity are available in the literature for use
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of the PVROT with college level students, both measures had to be reworked for use with the
sample population for this study. Construct validity was established when considering that the
PVROT is one of the most frequently used assessments for spatial ability in chemistry education
research. Cronbach’s alpha calculations were used to establish internal consistency for use of the
PVROT with participants in this study, and was found to be 0.530, a value that indicated poor
internal consistency for this group.

Upon completion of the HFT and PVROT, students spent a total of approximately 40
minutes (spanning portions of two to three class sessions) answering nine multiple choice
questions adapted from released AP Chemistry exams and American Chemical Society (ACS)
Chemistry Olympiad Local and National level tests. This assessment, the Chemical Kinetics
Multiple Choice test or CKMCT, was the primary source for data for the study. One sample item
from the CKMCT is provided in Figure 5. Each multiple-choice item was followed by two items
requiring a constructed response. These constructed responses were used to compare students’
initial knowledge, understanding, and perceptions of models (pretest) with their developed
knowledge, understanding, and perceptions (posttest), as well as to evaluate metacognitive
awareness and types of metacognition utilized to form participants’ responses before and after
instruction on chemical kinetics concepts. The CKMCT’s multiple choice items are widely
accepted as valid for use with high school and introductory college level students. The researcher
consulted with colleagues to address issues of face validity, and all reviewers agreed that the items
included addressed chemical kinetics concepts related to the topics of reaction rate, catalysis, or
activation energy. Cronbach’s alpha was used to establish internal consistency for use with
participants in this study, and was found to be 0.614, indicating there was a questionable internal

consistency for the instrument.
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scored on a 0-4 scale where “0” was used only if chemistry concepts were not addressed by the

participant in the answer and “4” indicating the response included both the correct explanation

including only correct vocabulary and concepts. Conceptual understanding of the representation

used was scored on a 0-3 scale where “0” was used only in cases where participants did not

mention the representation either directly or indirectly and “3” when the representation was

correctly and thoroughly explained in the response.

Table 12. Rubric for Scoring Conceptual Understanding on CKMCT

Score

Conceptual
Understanding
(Chemistry)

Sample Response (CKMCT
Q1)

Conceptual Understanding
(Representation)

Sample Response (CKMCT
Q1)

blank or nonsensical
response

I guessed/I don’t
know/process of
elimination

One or two terms were
used, but used
incorrectly

One or two terms were
correctly used

Correct, thorough
explanation

1 chose C because it’s the
first letter of my name

| made a guess by looking at
the model

If dilute=less
concentrated=less to
absorb=faster...?

If there is less CasHzoNs™ per
unit volume there are fewer
chances for it to come into
contact with and react with

OH".

The reaction rate would be
lower because it will take
more time for the CasHzoNs™
to find an OH" particle to
react with since there are
more solvent particles in the
way

No mention of
representation/phenomenon

Wrong interpretation

One to three aspects of
representation/phenomenon
was mentioned and correct

Representation provided was
correctly and thoroughly
explained

Dilution, as in the definition,
means it is less strong

7T = Jabsorbance
7T+ 7dilution =
7 absorbance

the chart with the absorbance
rate as time goes on helps
with identifying that the
absorbance rate decreases
gradually with the passage of
time

The equation helps the
understanding of what
reaction is taking place. The
chart shows changes as time
continued, absorbance
decreased, therefore time and
absorbance have an inverse
relationship
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Data collection during the unit of study. The second round of data collection occurred
during a three-week period in April 2017 corresponding with the time the chemical kinetics unit
was presented to the participants. The treatments for the research study are outlined in Table 13,
and happened during a two-day window each week for the three-week unit. Data collected during
these treatment days were generated from selected FD students’ responses on paperwork
accompanying the treatment itself. This paperwork were completed during class to dissuade
participants from completing the assignment using help from the textbook or online resources

outside of the class setting.

Table 13. Treatment Design for Mixed Methods Research Study

Time
fr_ame Construct to Group Method 0 f Details about Treatment Assessment
within be tested Presentation
study
Week 1 Measuring N1 Macroscopic Oxidation of Food dye with 10 to 15 previous years’
rate of bleach lab-students measure rate  released ACS Chemistry
Chemical of disappearance of food Olympiad exam and/or
Change coloring upon the addition of AP Chemistry multiple
different concentrations of choice questions on rate
bleach with the aid of a of change
spectrophotometer
Week 2 Catalysis N1 Symbolic Catalysis graphs and chemical 10 to 15 previous years’
equations involving released ACS Chemistry
homogeneous, heterogeneous, Olympiad exam and/or
and enzyme catalysts through AP Chemistry multiple
POGIL choice questions on
catalysis
Week 3 Collision N1 Particulate ~ Lego® Lab-simulation explores 10 to 15 previous years’
Theory factors affecting the rate of a released ACS Chemistry
reaction via Olympiad exam and/or
assembling/disassembling AP Chemistry multiple
interlocking blocks choice questions on

collision theory
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Treatments were framed within the context of the chemical kinetics unit. Introduction and
completion of the treatments were based on the content under study and known best practices
regarding teaching chemical kinetics/science. The macroscopic treatment involved a laboratory-
based assignment (Royal Society of Chemistry, 2009) in which students observed a phenomenon
then investigated how/why the phenomenon occurred through variable manipulation. This
treatment was conducted prior to any discussion on the relevant content. Paperwork related to the
experiment is readily available from the Royal Society of Chemistry’s online sources. The lab is a
common experiment using food dye and various concentrations of bleach. The bleach reacted with
the food dye, eventually causing the colored solution to turn colorless. A spectrophotometer
measuring the absorbance/transmittance of light was utilized to aid students in data collection. The
reaction was complete when the absorbance value was stable and close to zero. Questions relating
the experience in the lab setting with the time it takes for a reaction to occur were included to help
students make connections to the content.

The two treatments for the symbolic level of representation used in the study were
presented along with lecture notes, and were centered on a mathematics-based approach to deliver
content and reinforce the use of graphs and equations. Part two of the blue dye and bleach lab
allowed for the creation of a model via graphing. Once student data was manipulated into two
correct mathematical forms and graphed, students were instructed to match their results with
known graphs for zero, first, and second order rate laws. Here, students evaluated models of their
own creation to make sense of the chemistry concept under study. Later, a process oriented guided
inquiry-based lesson (POGIL) developed by Hanson (2010) was used to relate mathematical
relationships to the kinetics topics of activation energy and catalysis. The POGIL can be easily

found through an internet search. Students read and interpreted information provided to them in
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the document, then worked at their own pace to interpret graphs, and solve equations for variables
related to activation energy.

For the treatment involving the particulate level of representation, a laboratory activity
using Lego® blocks or other interlocking blocks/beads was used. The lab experiment, completed
prior to instruction on the topic, was adapted by the researcher from a Journal of Chemical
Education article by Cloonan, Nichol, & Hutchinson, (2011) and has been included in Appendix
F. The Legos were used to simulate particles involved in one of three chemical reaction scenarios
(a synthesis reaction, a decomposition reaction, and a reversible reaction), and allowed students to
gain insight about the requirements necessary for a chemical reaction to occur, as well as what
factor(s) might influence the speed of those atoms reacting with each other. Questions relating the
lab to collision theory and factors affecting reaction rate were included to help students make
connections to the content.

Data collection for the unit of study continued with the posttest administration of the
CKMCT at the conclusion of the chemical kinetics unit. The CKMCT provided data for both the
content knowledge and conceptual understanding aspects of the research study. By content
knowledge, the researcher is referring to the measure of the participant’s ability to select the correct
answer on a chemical kinetics multiple choice assessment. This measure might have been impacted
by the participant’s ability to accurately guess, which might skew the results. To mitigate this
possibility, a measure of the participant’s conceptual understanding (i.e. the participant’s reasons
and rationale for why a particular choice was selected) was also deemed necessary to this study.
The content knowledge measure was created by tallying the number of correct responses for the
nine questions. The measure of conceptual understanding was generated by scoring participants’

CKMCT constructed responses with a scoring rubric.
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A third opportunity for quantitative data collection occurred when each student completed
a Likert scale-based questionnaire asking about metacognitive aspects of using representations
while learning chemical kinetics at the conclusion of the chemical kinetics unit (refer to Appendix
G for the questionnaire). This questionnaire, titled the Using Visual Representations to Learn
Chemical Kinetics Questionnaire or the VRCKQ, was adapted from surveys involving students’
metacognition related to reading strategies (Mokhtari & Reichard, 2002) and involving
metacognitive awareness (Schraw & Dennison, 1994). The VRCKQ, exemplified in Figure 7,
allowed participants to reflect on their thought processes while learning concepts in chemistry, and
to assess skills needed to correctly answer questions on the subject. Participants responded to how
likely they were out of a 5-point scale (5= strongly agree/always or almost always do this to 1 =
strongly disagree/never or almost never do this) to utilize specific mental processes when
attempting to answer questions or solve problems related to the topic of chemical kinetics.

The questionnaire addressed aspects of both the regulation of cognition and knowledge of
cognition, which have been described in chapter two as major components of metacognition.
Regulation of cognition focuses on aspects of planning, managing information, monitoring,
decoding, and evaluating thinking before, during, and after the learning episode (Schraw &
Dennison, 1994). Knowledge about cognition addresses learners’ level of understanding of their
own skills and intellectual resources, as well as when, how, and why to use those skills to work
with information presented to them (Schraw & Dennison, 1994). Scoring the questionnaire
involved tallying scores based on the aspect of cognition code (listed to the right of the Likert-
scale before the dash), as well as creating a subscore for items addresses the macroscopic,
symbolic, and/or particulate level of representation (the end of the code following the dash). A

scoring guide accompanied the questionnaire so that insight into specific metacognitive strategies
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students used could be determined. High scores in categories on the VRCKQ highlight the
strategies the respondents used often during the process of learning. Categories where the
respondent’s scores were low offered insight into strategies that the learner ought to learn about or

incorporate more frequently into their thinking about the process of learning.

Using Visual Representations to Learn Chemical Kinetics Questionnaire

The purpose of this survey instrument is to reflect upon the skills and thought processes you used while evaluating the diagrams, graphs, and
other visual representations collected from lab experiments used in this unit of study. The data compiled will aid your teachers in an ongoing
process of progrom improvement.

INSTRUCTIONS: Consider each itemn separately and rate each itemn independently of all others. Circle the rating that indicates the extent to
which you agree with each statement. Please do not skip any rating.

& = Stronghy Agree or | always/almost always do this

4 = Generally Agree or | usually do this

3 = Meutral (acceptable) or | sometimes do this (about 50% of the time)
2 = Generally Disagree or | do this only occasionally

1 = Stronghy Disagree or | neverfalmost never do this |

MOTE: Several of the terms in this questionnaire may seem unfamiliar to you. The following descriptions are meant to help you
understand these terms.

Statement

L[ I'have a purpose in mind when using graphs, equations, drawings, GLOB
or lab experiences related to the rate of a reaction. 5 4 3 2 1

2 [ I consistently make notations within the graphs & equations related SUR-5
to the rate of a reaction as | review them. 5 4 3 2 1

3 | | consistently make notations within the illustrations of laboratory SUP-p
eguipment set-ups related to the rate of a reaction as | review 5 4 3 2 1
them.

4 | | consistently make notations within the particulate dizgrams Sup-p
related to the rate of a reaction as | review them. 5 4 3 2 1

Figure 7. Sample Items from (VRCKQ) with directions. Directions, explanations of terms, and four items from the
35-item Using Visual Representations to Learn Chemical Kinetics Questionnaire (VRCKQ) created by A. Edwards.
Adapted from Mokhtari, K., & Reichard, C. A. (2002). Assessing students' metacognitive awareness of reading
strategies. Journal of Educational Psychology, 94(2), 249; and Schraw, G., & Dennison, R. S. (1994). Assessing
metacognitive awareness. Contemporary Educational Psychology, 19(4), 460-475.

Reliability was established by field-testing the questionnaire on a group of 27 students who
had previously successfully completed in an advanced level chemistry course, and Cronbach’s

alpha was found to be 0.837. Face validity for the VRCKQ was addressed through this field testing
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the data from these participants unusable for pretest/posttest analysis. In total, a complete data set
was collected from 112 participants for this research study. The 112 participants represent 66
Honors Chemistry students, 23 AP STEM, and 23 AP Chemistry students. None of the participants
indicated having received instruction on chemical kinetics prior to the beginning of this study. A
total of 89 participants in the study, those from three Honors sections and from AP STEM, have
never enrolled in a chemistry course prior to their current placement.
Instruments

As outlined in Chapter 3, a total of three instruments were used to address the student
achievement aspects of this study: the Hidden Figures Test (HFT) (Ekstrom, French, Harman, &
Dermen, 1976), the Purdue Visualizations of Rotations Test (PVROT) (Bodner, & Guay, 1997)
found in Appendix D, and the Chemical Kinetics Multiple Choice Test (CKMCT) (American
Chemical Society, n.d, College Board, n.d.) found in Appendix E. Results from the HFT and the
PVROT served as grouping variables, allowing for categorizations of participants into three groups
based on participants’ field dependency and, separately, spatial ability. Answers to the CKMCT’s
nine multiple choice items served as data regarding content knowledge of chemical Kinetics.
Responses to the constructed response items on the CKMCT provided data regarding the
participant’s conceptual understanding of both chemistry concepts and the model used in the
specific questions, as well as data regarding the participant’s metacognitive awareness.
Results

A total of five hypotheses were generated to test the quantitative research questions in this
study. These hypotheses were generated from the existing literature and the researcher’s
experience as a chemistry teacher, and have been correlated to a research question in Table 15.

Each hypothesis was generated from previous research and allowed for statistical testing of two
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on the CKMCT was a result of guessing or the process of elimination. In fact, when considering
the 1008 multiple choice response answers analyzed for the 112 participants in this study, 91 of
1008 or 9.7% of correct responses are the result of an admitted guess in the participants’ written
responses. The number of participants selecting the correct answer as a result of guessing
decreased to 4 of 1008 or 0.39% on the posttest administration of the CKMCT. While these
percentages represent a statistically insignificant portion of those involved in the study, it was
important to the researcher to understand how the learner arrived at the correct answer. Such
knowledge allowed for better understanding of the learner’s experience which could, ultimately,
be used to inform an educator’s instructional practices in future lessons or with future student
groups of similar spatial abilities and field dependency designations.

Participants who supplied a response beyond “guessing” often addressed vocabulary used
in the question or the terms they understood to fit with the item on the CKMCT. In other instances,
participant responses explained only mathematics-based rules and procedures necessary to use
information presented in a graph or table, as exemplified by responses to item 3 of the CKMCT
especially. These different approaches to addressing the constructed response prompts necessitated
two scores for conceptual understanding. Using the grading rubric previously discussed in Table
12, the highest possible score for the CKMCT for conceptual understanding regarding chemistry
(now CKMCT-CUchem) concepts was 36 points, and the highest score possible for conceptual
understanding of the representations (now CKMCT-CUrep) was 27 points. Interrater reliability
was measured using percent agreement and Cohen’s Kappa to determine if there was agreement
between two coders’ judgement on the level of conceptual understanding exhibited by participants
in their constructed responses to the CKMCT. There was moderate agreement between the two

coders' judgements when scoring the CKMCT-CUchem, Percent agreement was 68.9 % and k =
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0.643, p < 0.0005. Additionally, analysis codes for CKMCT-CUrep provided a percent agreement
0f 83.3 % and k= 0.757, p < 0.0005, indicating moderate agreement when evaluating participants’
ability to explain how the level of representation associated with each CKMCT item was helpful
in selecting a specific multiple-choice response.

Hypothesis 4. Hypothesis testing for data collected about conceptual understanding
followed the same structure as testing for content knowledge. Hypothesis four stated that FI
participants and those with high spatial abilities would have a greater conceptual understanding of
chemistry topics and concepts than those of other field dependency or spatial ability designations.
Scores of constructed response items of the CKMCT provided data for this analysis. First, an
analysis of pretest scores for the different courses (Honors Chemistry, AP Chemistry, and STEM
AP Chemistry) was performed to determine whether subjects could be considered for within
subjects/whole group testing. Table 22 summarizes the results of the score by course analysis and
indicates participants’ conceptual understanding of chemistry topics at the beginning of the study.
The small differences in mean scores indicated that AP and STEM AP students had a greater
understanding of chemistry topics at the onset of the study, yet these differences were not

statistically significant.

Table 22. Comparison of Conceptual Understanding (Chem) Pretest Scores for Different
Courses (One Way ANOVA)

Course N“m*?er of Mean Standard Deviation Low Score  High Score
Participants
Honors 66 15.74 4.77 0 29
Chemistry
AP Chemistry 23 19.04 4.03 12 28
STEM AP 23 18.78 3.83 5 25
Chemistry
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p > 0.05

The distribution of conceptual understanding of chemistry scores is illustrated in Figure
10, and has a skewness of -0.338 (SE= 0.228) and kurtosis of 1.21 (SE= 0.453). Further, retaining
participants into one whole group was deemed appropriate for testing purposes as variances in the
groups are not significantly different from each other. Analysis of conceptual understanding was
completed by evaluating participants based on whole group performance as well as spatial ability
and field dependency.

Distribution of Conceptual Understanding of Chemistry
Pretest Scores for All Participants

257

Mean = 17.04
Std. Dev. = 4 BB
M=112

- = b
= i [=]
1 1 1

Number of participants with this score

i
1

0 10 20
CKMCT-CUchem Pretest Score

Figure 10. Distribution of participant scores on the CKMCT when scored for conceptual understanding of chemistry
concepts.

Participants’ conceptual understanding related to chemistry concepts is summarized in

Table 23Error! Reference source not found., and indicated that significant gains were made over
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the course of the study by participants when treated as a whole group in terms of overall conceptual
understanding, as well as understanding when different levels of representation were used to
supply information in a multiple-choice test item. Improvement on the CKMCT for participants
was expected and deemed reasonable for their ability level and knowledge of chemistry. Students’
responses changed over the course of the study from sparse and incorrect on the pretest to detailed
narratives that were largely insightful and well-structured, most often referencing both a chemistry
concept and a mathematical construct related to the graph, the balanced equation, or data table

were presented in the multiple-choice item.

Table 23. Paired t-test Analysis on CKMCT-CUchem Pretest/Posttest Data (Whole Group)

Mloustors  Mee  Smie P o
Mean SD Mean SD Mean SD Mean SD
Pretest 17.0 4.68 4.58 1.46 9.75 3.33 4.99 1.64
Posttest 21.3 3.46 5.40 0.954 131 2.75 5.34 1.00
p value p < 0.005 p < 0.005 p < 0.005 p <0.05

Next, analysis of chemistry conceptual understanding was evaluated based on spatial
ability and field dependency. One-way ANOVA testing was used for field dependency group
analysis, while Kruskal-Wallis H testing was used for the spatial ability groups because of the
disproportionate number of medium and high spatial ability participants in this study. Results for
the field dependency group analysis are summarized in Table 24. There was a statistically
significant difference between groups as determined by one-way ANOVA (F(2,109) = 8.00, p <
0.016) when field dependency and pretest scores were considered. Additionally, the test revealed
that the pretest score was significantly lower if the learner was identified as FD (14.3 £ 3.80, p <

0.016) compared to both FN (17.3 £ 4.88, p < 0.016) and FI learners (19.3 + 3.54). There was no
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Appendix C

Correlation of Multiple Choice Assessment Questions with ACS Anchoring Concepts for

Chemical Kinetics

Anchoring Enduring Understandings addressed in the study Assessed by Multiple choice item
Concept
A. Chemical change can be measured as a function of time and occurs over a Questions 1, 2, 3, 6,9
wide range of time scales.
B. Empirically derived rate laws summarize the dependence of reaction rates Questions 1, 2, 3
on concentrations of reactants and temperature.
VII. Kinetics: D. An elementary reaction requires that the reactants collide (interact) and have ~ Question 7
Chemical both enough energy and appropriate orientation of colliding particles for the

changes have a
time scale over
which they
occur

IX.
Experiments,
Measurement,
and Data:
Chemistry is
generally
advanced via
experimental
observations

X.
Visualization:
Chemistry
constructs
meaning

interchangeably

at the
particulate and
macroscopic
levels.

reaction to occur.

E. Catalysis increases the rate of reaction and has important applications in a
number of subdisciplines of chemistry.

F. Reaction products can be influenced by controlling whether reaction rate or
reaction energy plays the key role in the mechanism.

E. Observations are verifiable, so experimental conditions, including
considerations of the representativeness of samples, must be considered for
experiments.

D. Quantitative reasoning within chemistry is often visualized and interpreted
graphically.

Questions 8, 9

Question 4, 5

Questions 1, 2, 3,4, 8

Questions 1, 3,5, 6,9
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