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Presenter
Presentation Notes
Talk about particulate level picture
Macro and micro level
Partiulate level predicts the macroscopic properties 



Discussion




Overview

Why a Pilot?

Pilot Design and Implementation
Laboratory Alignment

Analysis of Common Exams

In-Depth analysis - Research



What Is the Change?

Conventional SC111 (CV) Atoms First SC111 (AF)

1. Basic Concepts 1. Basic Concepts

2. Atoms, Molecules and lons 2. Atoms, Molecules and lons

3. Chemical Reactions 6. The Structure of Atoms

4. Stoichiometry 7. Periodic Trends

5. Energy and Chemical Reactions 8. Bonding and Molecular Structure
6. The Structure of Atoms 9. Bonding Theory

7. Periodic Trends 3. Chemical Reactions

8. Bonding and Molecular Structure 4. Stoichiometry

9. Bonding Theory 5. Energy and Chemical Reactions


Presenter
Presentation Notes
AF curriculum
Both courses start out introducing the basics and the atoms, molecules and ions level
The numbers represent the chapter out of the textbook, which was the same for both courses
After these 9, the order is the same for both
METHOD TO ORDER- Atoms First emphasizes teaching what occurs at the particulate level, while conventional skims the surface of the particulate level and then goes into reactions and stoichiometry


Why a Pilot?

Large Change — involves not just lecture change but re-alignment of
laboratory program
> Seven weeks of semester that might need new labs

Large Course
> 50 Sections

o 28 Instructors

Support Services impacted
c MGSP

o> Academic Center



Pilot Design and Implementation

One laboratory room — holds up to 12 sections

Recruited seven instructors to participate — 10 to 11 sections — 200-
220 plebes

Completely random registration
Special sections of Supplemental Instruction

Special sections of MGSP with Atoms First specific leaders



Pilot Design and Implementation

Same textbook — different order of topics

Same homework system — different due dates for same questions

Commonality to exams
> Six-week exam — same questions for common chapters
> Same final exam




Discussion




Laboratory Design for AF

Emphasis on Interactions of Light with Matter
> Spectroscopy

Used same atom and ions for multiple experiments (copper and
copper(ll) ions)
Repeated use of Excel for series of experiments




Laboratory Design for AF

Atoms First SC111 Experiment Alignment

Weeks 1&2: Expt. 1G: Chemical and Physical Properties — New experiment — measure density

Ch 1. Basic Concepts of solution and solid — observe reactions of copper metal, zinc metal and brass

Ch 2. Atoms, Molecules and lons with acids

Week 3/4: Expt. 40B: Light, Energy, and Spectra — Revised experiment - What happens when

Ch. 6. The Structure of Atoms matter interacts with light.

Week 6: Expt. 7F — Beer’s Law — New experiment — Discovery of Beer’s Law and UV/Vis

Ch. 9. Bonding Theory Spectroscopy — Colored solution of copper(ll) ions primarily

Week 7: Expt. 7G — Spectroscopy of lonic Solutions — New experiment — Observe colors of

Ch. 3 — Writing Chemical Reactions solutions of copper(ll), iron(lll) and cobalt(ll). Observe color changes with chemical
reaction.

Week 8: Expt. 7A — Analysis of Brass — Lightly revised experiment - Analysis an alloy of copper

Ch. 4 — Stoichiometry and zinc, using spectroscopy.
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Presentation Notes
AF curriculum
Both courses start out introducing the basics and the atoms, molecules and ions level
The numbers represent the chapter out of the textbook, which was the same for both courses
After these 9, the order is the same for both
METHOD TO ORDER- Atoms First emphasizes teaching what occurs at the particulate level, while conventional skims the surface of the particulate level and then goes into reactions and stoichiometry


Laboratory Outcome for Atoms First Labs

Did the experiments work well?
> As well as any experiments in the first or second iteration.

Midshipman Feedback
> Did as well as CV students on lab questions on final exams.

> Course evaluation questions about lab were slightly more positive
for AF



Lecture Assessment
Did the AF students do as well or better?

Examine performance on multiple choice exams with validated
guestions.

o Chemistry has extensive database of questions from previous years.

> Spring final exam is a national standardized exam.




Final Exam Comparisons
. Bam | AomsFt [ Comventiomal

SC111 Final (AY17) 75.4% 75.1%
SC112 Final (AY17) 65.1% 64.1%
ACS portion of SC112 Exam (AY17) 65.3% 64.2%
SC111 Final (AY18) 75.3% 72.4%
SC112 Final (AY18) 60.1% 59.6%
ACS portion of SC112 Exam (AY18) 60.8% 60.2%

Are these statistically significant?
Are there other factors to explain this?


Presenter
Presentation Notes
Final exam is a straight forward analysis because everyone took the multiple choice exam
Percentages for AF performance is higher than CV performance
ACS is portion of the final
For example, for the SC112 final- these numbers are different, are they really significant?
So AF did better percentage wise on each portion…


Are the Differences Significant?

Wilcoxon Analysis (Mann-Whitney signed ranked analysis)

Conventi Abs Signed-

Item onal  AFScore Delta Sign Walue Rank Rank W n
1 90.9 90.8 -0.08 -1 0.08 2 -2 321 Eﬂl
2 11.8 49,3 748 1 7.48 75 75 sgrt{n*(n+1)*(2n+1)/6)
3 53.2 51.2 197 -1 1.97 34 -34 416.9892
4 45.9 444 142 -1 1.42 24 -24
3 37.0 348 222 -1 2.22 41 -41 rd
n} 50.3 47.3 -296 -1 2.96 49 -43 0.769
7 79.5 8le 212 1 2.12 36 36 50.0% con o
2 40.0 40.6 058 1 0.58 7 7 72.6% con 0.6
9 38.9 38.2 -0.76b -1 0.76 12 -12 78.8% con 0.8
10 30.9 30,0 -0.95 -1 0.95 14 -14 84.1% con 1
11 39.2 38.2  -1.00 -1 1.00 16 -16 88.5% con 1.2
12 13.5 79.7 b.18 1 6.18 12 12 93.4% con 1.5
13 45.9 46.9 -2.00 -1 2.00 35 -35 97.5% con 1.96
14 49.6 459 -3.69 -1 3.69 55 -55 99% confil 2.326
15 53.2 51.7 -148 -1 1.48 28 -28 99.5% con 2.576
16 /4.4 70.5 -3.84 -1 3.84 39 -39 99.95% co 3.291



Presenter
Presentation Notes
75 questions total (this is just a snippet)
ROUND TO hundredths, change CV and AF
Took all of individual responses to each question to find averages on each question (got really good at excel commands)
Talk about percent correct for question 1 to explain how the process works
Our Z value was off the charts (literally)
Looking again at exam scores from across the two years…


Statistically Significant?
T N el

SC111 Final (AY17) 75.36% 75.12%
SC112 Final (AY17) 65.10% 64.10% >95% ClI
ACS portion of 65.26% 64.18% >99% ClI
SC112 Exam (AY17)
SC111 Final (AY18) 75.28% 72.38% >99.9% ClI
SC112 Final (AY18) 60.1% 59.6% >75% ClI
ACS portion of 60.8% 60.2% >75% ClI

SC112 Exam (AY18)



Presenter
Presentation Notes
YES, statistically significant for the SC112 final
But what if the AF students were predicted to perform better…?


Did AF students do as well or better?

Based on common exam performances, the AF students seem to do
as well or slightly better than CV.

This is true for SC112 final exam, given 16 weeks later. Mostmids
not with same instructor for spring, intermixed with CV students in

all sections of SC112




Discussion




Result of the Pilot

ADOPTING ATOMS FIRST FOR SC111 in AY2020

° Find a textbook and homework system that support AF.

> Use and/or develop experiments that support AF, especially spectroscopy
experiments



_ooking Deeper — Transition to Research

The exam results are interesting but can we look deeper?

Next portion is Educational Research — SC495/496 Project
— Midn. 1/c Olivia Bair

What makes this research?
°|nternal vs External presentation

cDe-identified vs Identified
°HRPP Approval #USNA.2016.0035-CR01-AMO2-EP7-A



Presenter
Presentation Notes
Me talking to you is assessment
Everything up to this point has been assessment. What I will talk about is research.
Completed as part of my research for the Chem dept.
Poster at ACS is research
Talk about recruiting process


Predictors of SC111 Performance (AY18)

Validation Scores

Overall Distribution of Validation Scores for AF
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Presenter
Presentation Notes
Histogram shows distribution of scores
Lots of statistics work best for a normal distribution, which is a bell shaped curve
This histogram shows that this is not a normal distribution



Predictors for AY18

Overall Distribution of Validation Scores

80

d

70 1St zn

- quartile

60 quartile g l
S
C 50
(0] W AF

40 ey
;
el s /

3rd mean  median
. th ——
- quartile 4_
quartile

10

. outlier ——-

Comiarison



Presenter
Presentation Notes
Box and whisker plot
Distribution based on entire class since data was de-identified
Looking side by side, AF might be predicted to perform better
One of the difficulties is you have to look at multiple statistics (mean, median)
PUT IN BRACKETS FOR EACH QUARTILE TO EXPLAIN EACH PART OF THE GRAPH



TOST Analysis

Two One Sided t-Test
Test for equivalence between two groups



Presenter
Presentation Notes
Explain what TOST is 
Assumes a normal distribution, unlike wilcoxon
Talk about R program
Performed TOST in R


Predictors for AY18

AF Ccv Equivalence Confidence Result of
SC111 All Mean | Mean | Interval from Interval for TOST
(SD) | (SD) TOST Mean Difference
668 670 ,
SAT Verbal (84) 81) (-16.5, 16.5) (-10.2, 6.2) Equivalent
671 667 .
SAT Math (79) (7) (-15.3, 15.3) (-3.6, 11.6) Equivalent
. . 45 44 ,
Validation Scores (1) (12) (-2.3, 2.3) (-0.1, 2.1) Equivalent



Presenter
Presentation Notes
Looking at all three standard predictors 
These are for overall groups 


Are the Two Groups Equivalent?

For the entire populations — all AF students and all CV students — the two groups are equivalent.

This means the previous exam analyses for AY2018 groups are valid.




Predictors from AY18

Used validation scores to sort by three performance groups
> Top 27% (scores > 51)
> Middle 46% (scores between 36 and 51)
> Bottom 27% (scores < 36)
> Percentages based on all SC111 students

For Consenting SC112 Students (429 CV and 117 AF)
o Kept in same groups
° Distribution of bottom and top groups not well matched


Presenter
Presentation Notes
Took all SC111 students (not AF vs CV) and divided into 3 groups based on validation exam scores 
From these groups, I went through and took out students who did not consent to participate
Consenting were students that were recruited at the beginning of the semester. We talked to roughly 600 students in SC112 (429 CV and 117 AF consented)
From these groups, I separated who was AF vs CV
This changed the percentages of each group slightly, but the groups were matched based on validation scores
TALK ABOUT DISTRIBUTION OF SUB GROUPS-difficult due to bottom and top groups with cutoff scores


SC112 6-week Exam Ana

Vsis —AY13

Wilcoxon Analysis AF cv Wilcoxon (Z-value) Analysis
73.35% 72.19%
Overall 1.244 Significant at the 88.5% ClI
(N=202) | (N=823)
63.63% 65.36%
Bottom -0.895 No statistical difference
(N=32) (N=100)
72.82% 71.39%
Middle 1.271 Significant at the 88.5% ClI
(N=93) (N=184)
81.45% 82.23%
Top -0.370 No statistical difference
(N=58) | (N=115)




SC112 12-week Exam Analysis —AY18

Wilcoxon Analysis

AF

cv Wilcoxon (Z-value) Analysis
68.80% 68.20%
Overall 1.352 Significant at the 88.5% ClI
(N=207) | (N=819)
60.00% 63.00%
Bottom -1.715 Significant at the 93.4% Cl
(N=32) (N=100)
67.30% 68.00%
Middle -0.612 No statistical difference
(N=93) (N=184)
77.50% 77.00%
Top 0.464 No statistical difference
(N=58) | (N=115)




Comparison of AF vs CV by groups for
common exams

For the overall groups, AF performed better on the six-week and
twelve-week common exams

For the middle group — AF performed better on the six-week and the
two groups were statistically the same on the twelve-week

Top and Bottom groups were not wellmatched so interpretation of
results is difficult



Longitudinal Analysis

Three questions given to students in the spring (AY17 and AY18) as
quiz questions at various points through the semester

Coding for each question established based on AY17

Free response questions given and now ready for analysis



Presenter
Presentation Notes
INCLUDE MC QUESTION 
INCLUDE FREEZING PT DEPRESSION QUESTION
Quantitative vs qualitative analysis


Multiple Choice Question

1. Which figure illustrates the species at the half-equivalence point when a weak acid, HA, is
titrated with NaOH? For clarity, water molecules and Na*® ions are omitted.

HA (aq) + NaOH (aq) = NaA (aq) + H.,0 (1)

HA  HA A H A H i
HA  HA HA A A H A
A HA H'
HA HA A H
H HA A H A
HA H A
A A
H A A
"




Analysis of Multiple Choice Question

Comparison of Particulate Level Answers
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Analysis of Multiple Choice Question

* A Fisher’s exact is analogous to a t-test, but for categorical data.

* The statistic compares the performance of two populations on a single
guestion.

Percent Correct

Fisher's Exact Conclusion

(AFICV)

77 6/66 9 ~ SC111AF did statistically better
0.0780
(n=85 /n=266) p=L. than SC111CV

Q




Free Response Question

An aqueous solution is 0.10 molal in sodium sulfate, Na,SO,.

What ions, atoms and molecules are present in the solution and what are the concentrations of
each? (Fill in the appropriate number of blanks below.)

lon, atom or molecule _ Na* concentration _ 0.20 molal__
lon, atom or molecule __SO,%>__ concentration __0.10 molal
lon, atom or molecule __H,O concentration __ solvent

What is the freezing point of this solution? (K¢, (H,0) = -1.86 °C/m, AT¢, =1 K¢m). Show your
work.




Analysis of Free Response Question -
Coding

Misconceptions of Cnncentraﬁnn of Species in a Given Solution

=t
.

128
1z 11
% 10 Bg BO 9.2
& g 7.3 WSC111AF
g mSci11cV
L6
"5 4.1 '
ﬂ:l .
o 4 3.7
2 -
1]
21 ratio sulfate Correct ratio, wrong ~ 3:2 ratio 1:1 ratio for ions
ion:sodium ion  concentration for ions

Misconception

i
L




Status of Research Project

> Have Developed a Method for Analyzing Multiple Choice Questions
on Quizzes — Fisher’s Exact Test

> Have Developed a Coding Scheme for Analysis of Free Response
Questions

> Project will be continued by two SC495/496 students in AY2019 —
Midn. 2/c Bianca Roach, Midn 2/c Claire Suess




Conclusion — Research Analysis

Research at the deeper level is more time consuming

Multiple choice and free response questions can give
us a deeper picture of student learning
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Presenter
Presentation Notes
Thank you for listening. I’ll be happy to take any questions.


Methodology

Data involves students
Randomly assigned

Consent
> HRPP Approval #USNA.2016.0035-CRO1-AMO02-EP7-A

N values of population
o AY17: 774 CV, 238 AF
o AY18: 852 CV, 212 AF

Data sources


Presenter
Presentation Notes
Data Sources focused on final exams, lab questions, and three questions given throughout the semester
I didn’t work in the lab or work with chemicals
#=TOTAL FOR EACH GROUP
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