Program L ear ning Outcomes Assessment Project 2005-2006

Chemistry isthe study of matter and its properties, its structure, the changes that matter undergoes, and the energetics
related to matter and changesin matter. It isacentral natural science that is relevant to a diverse number of fields,
including the other physical sciences, biology, environmental science, medicine, and engineering. It isdifficult to draw
aclear line between chemistry and the other sciences. At CSUCI, the faculty members of the chemistry program
embrace the pillars of the mission statement of the university and the outcomes associated with the institutional
objectives of CSUCI are common with our own.

CSUCI graduates will possess an education of sufficient breadth and depth to appreciate and interpret the natural,
social and aesthetic worlds and to address the highly complex issues facing societies. Graduates will be able to:

e Identify and describe the modern world and issues facing societies from multiple per spectives including those
within and across disciplines, cultures and nations (when appropriate).

e  Analyzeissues, and develop and convey to others solutions to problems using the methodol ogies, tools and
techniques of an academic discipline.

Chemistry isaso an ever changing discipline. Itisour desire to build achemistry program that builds on the base of
knowledge constructed in the past, but also looks towards the future. The approach taken by our program is based on
learning outcomes that are knowledge based or skills based. Our knowledge based outcomes are taken from the "Big
Ideas"*® approach to chemistry, which focuses on fundamental concepts. Our skills based outcomes emphasize
executing the scientific approach to solve problems, oral and written skills, and interpreting and evaluating chemical
literature.

Program Goals and Student L ear ning Outcomes
Through this degree program students will be able to:

1. Explainthe“Bigldeas’ of Chemistry and discriminate when they can be applied to problemsin
Chemistry.

2. Evaluate and propose explanations for symbolic, microscopic, and macroscopic representations of
concepts including their relationship to the “Big Ideas’ of Chemistry:

3. Formulate hypotheses and devise and perform experiments to test a hypothesis asindividualsand in a

team.

Explain key conceptsin Chemistry effectively through oral and written communication.

Interpret, evaluate and criticize the chemical literature.

a s~

"Big ldeas"

(a) Geometric Structure

(b) Electronic Structure

(c) Forces Between Molecules
(d) Thermodynamics

(e) Kinetics

(f) Reactions

For the 2005-2006AY, the program selected alynchpin learning goal to assess:

e  Studentswill be ableto explain Geometric Structure as related to chemistry, and discriminate when it can be
applied to a chemical problem



Data and Analysis

In the Spring of 2005, the chemistry faculty designed a plan (Appendix 1) to implement continual assessment of student
learning outcomes for the program. A summary of the steps of the plan follows:

Step 1: Alignment of program learning outcomes to course learning outcomes

Step 2: Perform pilot assessment project on alearning outcome in several key courses using embedded questions
as assessment tools.

Step 3: Implement and execute assessment of one knowledge based ("Big Idea") learning outcome.

Step 4: Implement and execute assessment of one skill based |earning outcome.

Step 5: Continue ng knowledge and skill based learning outcomes alternately, discussing the results with
faculty members to determine if and what program modifications are necessary to address concerns.

Results from the AY 2005-2006 assessment follow. Embedded questionsin exams were used to assess the geometric
structure learning outcome in six courses. Each instructor was responsible for developing and administering the assessment
tool at thislevel. The courseswere core courses for the major, and ranged from first year courses (CHEM 121 in Fall 2005
and Spring 2006), intermediate courses (CHEM 305, CHEM 311 in both semesters), to upper division courses (CHEM
460). The questions asked were at the appropriate level for the courses being taught. A short list of courses and types of
toolsused are listed below. The questions themselves appear in alater section of thisreport. The actual tools (embedded
guestions) and more detailed summaries of each class assessment are in Appendix 2.

Table 1: Course Descriptions

Course Year® Description

CHEM 121 Core 1% General Chemistry |

CHEM 305 Core 3¢ Computer Applicationsin Chemistry
CHEM 311 Core 2" Organic Chemistry |

CHEM 460 Core (for Biochem) 3 Biochemistry |
Elective (for Chem)

@Y ear student is advised to take the course in the four year plan

Table 2: Courses and Assessment Tools Used

Course Term Embedded A ssessment Tool

CHEM 121 Fal 05 Two short answer questions (partia credit possible)

CHEM 121 Spring 06 Five multiple choice questions (no partial credit possible)
CHEM 305 Fal 05 Student Survey of al Course Learning Outcomes

CHEM 311 Fal 05 Short answer question (partia credit possible)

CHEM 311 Spring 06 Short answer question (partial credit possible)

CHEM 460 Fal 05 Literature review written assignment (partial credit possible)

AY 2005-2006 was the initial year of implementation of the chemistry major. There were no chemistry graduates that year,
hence no graduating students to take the capstone course (CHEM 499). We will be able to assess graduating students for
thefirst timein AY 2006-2007.



Each student was determined to have either:

(2) Mastered the learning outcome at the course level,
(1) Partially met the learning outcome or,

(O) Poorly or did not meet the learning outcome.

Table 3: Summary of Assessment Resultsfor AY 2005-2006

Did Not Meet (0) Partidly Met (1) Met Outcome (2)

Class Term n n (%) n (%) n (%)
CHEM 121 F05 49 7 (14%) 19 (39%) 23 (47%)
CHEM 121 Sp06 30 5 (17%) 9 (30%) 16 (53%)
CHEM 305 F05 (4%) (96%)
CHEM 311 FO05 45 7 (16%) 12 (27%) 26 (58%)
CHEM 311 Sp06 25 2 (8%) 9 (36%) 14 (56%)
CHEM 460 FO05 13 0 (0%) 0 (0%) 13 (100%)

n is the number of students given the assessment tool
Conclusionsand Implicationsfor Program M odification

In two of the classes, nearly all of the students met or exceeded the learning outcome. In four of the six classes, the data
show that about 50% meeting or exceeding the learning outcome for the course. Although different assessment tools were
used, it is generally agreed that meeting the criteria was a demonstration that the student met the outcome at a "passing"
level. Inall of the classes, at least 83% of the students demonstrated that they could partially meet the learning outcome.

Asaresult of going through the assessment project through one full year, the chemistry program plans on modifying the
assessment strategy dlightly. We will continue to assess the knowledge and skills based learning outcomes in a sequential
fashion. However, we are now targeting core chemistry classes that all majors must take to get a degree. The classes will
be limited to general chemistry (either CHEM 121 or CHEM 122, depending on the learning outcome), typically taken
during a students first year; organic chemistry (either CHEM 311 or CHEM 314), typically taken during the sophomore or
sometimes junior year; and the capstone course (CHEM 499), which is taken during the student's senior year.

During the capstone, which we will first offer during AY 2006-2007, we will assess one skill and one knowledge based
("Big Idea") outcome. During the lower division classes, we will continue with embedded assessment, this time of student
learning of electronic structure. Since thiswill be our first graduating class, thiswill give us our first complete look at
process of assessment at the program level. We will have cycled through al the learning outcomes before the time of our
first program review. Thiswill give the program faculty a chance to discuss necessary program modifications to the
curriculum.
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Implementation Plan for the Assessment of Student Learning Outcomes

Program:  CHEMISTRY Date: May 20, 2005

Name of developers: Simone Aloisio and Phil Hampton  Has the Program approved the plan? YES

Assessment Plan Part 1: Align Course Learning Outcomes to Program Learning Outcome #1 (Concepts Outcome)

Step 1. Constitute an Outcome Alignment Task Force from the Chemistry Faculty

Timeline To accomplish Faculty responsible Students involved Resources needed
(people, measures, $)
September 1, 2005 Chemistry Faculty None Compensation of 2 WTU

for each of the four
faculty members of the
Task Force for the Fall
2005 semester

Step 2. Generate Matrices of Alignment

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)
October 1, 2005 Chemistry Faculty none Student Assistant IT, 5

hours per week for four
weeks in the Fall 2005
semester; laptop computer
($1500)



Step 3: Reflection on Matrices of Alignment and Adjust Curriculum (Submit to Curriculum Committee)

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)
November 1, 2005 Chemistry Faculty none Student Assistant IT, 5

hours per week for four
weeks in the Fall 2005

semester
Step 4: Write Report Summarizing Alignment Exercise
Timeline to accomplish Faculty responsible Students involved Resources needed

(people, measures, $)
December 15, 2005 Chemistry Faculty none

Step B: Define Levels of Mastery for Student Learning Outcome #1 (Concept)

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)
June 1, 2006 Chemistry Faculty None Compensation of 2 WTU

for each of the four
faculty members of the
Task Force for Spring
2006 semester
(concurrent with
Assessment Plan 2);
Student Assistant, 5 hours
per week for four weeks in
the Spring 2006 semester
(concurrent with



Assessment Plan 2)

Assessment Plan Part 2: Determine Where Student Learning Outcomes #2 - #5 (Skill-Based Outcomes) are
Developed in the Chemistry Curriculum

Step 1: Constitute an Outcome Alignment Task Force from the Chemistry Faculty

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)
February 1, 2006 Chemistry Faculty none Compensation of 2 WTU

for each of the four
faculty members of the
Task Force for the Spring
2006 semester
(concurrent with Step 5 of
Assessment Plan Part 1)

Step 2: Collect Information on Which Courses Develop the Skill Based Outcomes and Develop a Matrix for the
Skill Based Outcomes

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)
April 1, 2006 Chemistry Faculty None Student Assistant, 5 hours

per week for four weeks in
the Spring 2006 semester
(concurrent with Step 5 of
Assessment Plan Part 1)



Step 3: Reflect and Implement Program Policies Regarding Skill Based Outcomes

Timeline To accomplish Faculty responsible Students involved Resources needed
(people, measures, $)

May 1, 2006 Chemistry Faculty None
Step 4: Write Report on Skill Based Outcomes

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)

June 1, 2006 Chemistry Faculty None

Step 5: Define Levels of Mastery for Student Learning Outcomes #2 - #5 (Skill Outcomes)

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)
December 31, 2006 Chemistry Faculty None Compensation of 2 WTU

for each of the four
faculty members of the
Task Force for Fall 2006
semester (concurrent with
Assessment Plan 3);
Student Assistant, 5 hours
per week for four weeks in
the Fall 2006 semester
(concurrent with
Assessment Plan 3)



Assessment Plan Part 3: Develop and Test Pilot Embedded Assignments in Existing Courses to Measure Student

Concept and Skill Knowledge

Step 1. Pick One Concept Based and One Skill Based Outcome to Assess Through an Embedded Assignment

Timeline to accomplish Faculty responsible

September 15, 2006 Chemistry Faculty

Students involved

None

Step 2: Develop the Embedded Assignment Tools to Evaluate the Two Outcomes

Timeline to accomplish Faculty responsible

December 1, 2006 Chemistry Faculty

Step 3: Implement Embedded Assignment

Timeline to accomplish Faculty responsible

January 15 - May 31, 2007 Chemistry Faculty

Students involved

None

Students involved

Students in Required
Chemistry Major Courses

Resources needed

(people, measures, $)
Compensation of 2 WTU
for three faculty members
for the Fall 2006 semester
(concurrent with Step 5 of
Assessment Plan Part 2)

Resources needed

(people, measures, $)
Student Assistant, 5 hours
per week for four weeks in
the Fall 2006 semester
(concurrent with Step 5 of
Assessment Plan Part 2)

Resources needed

(people, measures, $)
Compensation of 3 WTU
for a Chemistry
Assessment Coordinator in




the Spring 2007 semester:;
Student Assistant, 5 hours
per week for four weeks in
the Spring 2007 semester

Step 4: Analyze and Reflect on Assessment of Two Outcomes and Write Report on Assessment of Two
Outcomes

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)

November 1, 2007 Chemistry Faculty None

Step 5: Develop the Embedded Assignment Tools to Evaluate the Remaining Outcomes

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)
May 31, 2008 Chemistry Faculty None Compensation of 2 WTU

for three faculty
members; Student
Assistant, 5 hours per
week for four weeks in the
Spring 2008 semester



Assessment Plan Part 4: Develop and Implement Embedded Assignments in Existing Courses to Measure Student

Concept and Skill Knowledge

Step 1. Pick One Concept Based and One Skill Based Outcome to Assess Through an Embedded Assignment

each Semester

Timeline to accomplish Faculty responsible Students involved

On-Going Chemistry Faculty None

Step 2: Implement Embedded Assignment of Two Outcomes

Timeline to accomplish Faculty responsible Students involved

Chemistry Faculty Students in Required

Chemistry Major Courses

On-Going

Resources needed
(people, measures, $)
Compensation of 3 WTU
each semester for a
Chemistry Assessment
Coordinator

Resources needed

(people, measures, $)
Compensation of 3 WTU
for a Chemistry
Assessment Coordinator in
the Spring 2007 semester;
Student Assistant, 5 hours
per week for four weeks in
the Spring 2007 semester




Step 3: Analyze and Reflect on Assessment of Two Outcomes and Write Report on Assessment of Two
Outcomes

Timeline to accomplish Faculty responsible Students involved Resources needed
(people, measures, $)

On-Going Chemistry Faculty None



Chemistry Assessment Fall 2005: Geometric Structure
CHEM 121
Simone Aloisio

Assessment Tool

The following two questions were embedded into the final exam and used to assess the
educational effectiveness for the geometric structure learning objective in chemistry.

24) What is the molecular shape of chloriteion (CIOy):
[ O=CI-0O |
25) What isthe ideal bond angle for chloriteion?

Explain if you would expect any deviation from the ideal bond angle listed above and
why?

Students

The students were general chemistry students, so most of them were first year students or
in thefirst year of their science mgjor. There were also a small number (<5) students
who were taking this class as a general education requirement. There were atotal of 49
students who took the final exam. All students work was assessed together.

The Question

Thisis presumably the first course that introduces geometric structure to these students so
the questions are meant to be introductory. Molecular shape was discussed as the last
topic in the class, and this was the first time the students were tested on thistopic in the
class. | wastheinstructor for the course. How | would have liked the questions
answered islisted below for reference. Question 24 had amistakein it in that the Lewis
structure shown is not correct (it shows 18 electrons and there should be 20 electrons. |
forgot to pencil in the other two.). The correct Lewis structure has two sets of lone pairs
on the chlorine atom. This effects the answer to the first part of Question 25, but not
guestion 24. In any case, the students were made aware of this during the exam, and told
to answer for the Lewis structure that was actually depicted.



24) What is the molecular shape of chloriteion (CIOy):
[ O=Cl-0 |

The molecular shape is bent or V-shaped. The shape of the electron groups surrounding
the central atom (as drawn) istrigonal planer, however thisis not the correct shape (this
would be like describing the shape of water molecule as tetrahedral instead of bent).
Ideally, the students would draw the molecule as bent, but if they just wrote bent, full
credit (10 points) was given.

25) What isthe ideal bond angle for chloriteion?

Since there are three electron groups around the central atom, the ideal bond angle would
be 120° as predicted by VSPER. (Had the correct Lewis structure been given, there
would have been four electron groups, giving an ideal bond angle of 109.5°.)

Explain if you would expect any deviation from the ideal bond angle listed above and
why?

The answer to this may not be obvious at first. The lone pair of electrons on the chlorine
atom would force the bond angle to be less than 120°, thisis relatively straightforward.
The double bond depicted on the Lewis structure, however, will not affect the bond angle
or even the geometry of the molecule. This molecule has two equivalent resonance
structures, so both CI-O bonds are the same distance. Thisis probably alittle advanced
for the students in this class, athough we did talk about resonance alittle bit. Resonance
isadifficult concept to learn (and to teach), especially in the same semester as students
are learning about Lewis structures, which contradict the concept of resonance. Thethird
factor possibly affecting the bond angle would be repulsion of the two oxygen atoms
from each other because they have lone pair electrons that could repel each other. While
this would not override the repulsion caused by the lone pair to make the bond angle
more than 120°, mentioning this would show me that the students were doing some
critical thinking of the question, and was worth pointsin my book.

The Results

A histogram of the scoresis attached. The mean and median combined scores for
guestions 24 and 25 was 12 (both mean and median scores). The student scores have
been grouped into four general categories. exceeds outcome (18-20), masters outcome
(15-17), partially meets outcome (7-14), poorly or does not meet outcome (0-6). The
number and percentage of studentsin each category are listed in the table below.

Level of Demonstration Number Percentage
Exceeds Outcome 5 10%
Masters Outcome 18 37%
Partially Meets Outcome 19 39%
Poorly or Does not Meet Outcome I 14%




Ten percent of the students exceeded the outcome as stated in the learning objectives.
Almost %2 the students (47%) were able to demonstrate geometric structure fairly well or
well. Inamost all cases for students who did afair job, students mistakenly identified
the double bond as areason for a“non-ideal” geometry. An additional 39% of the
students were able to partially meet the outcome. Most of these students correctly
identified the shape of the molecule, but were unable to explain it in terms of the bond
angle. Another 14% of the students were not able to meet the outcome.

Summarizing further, about 76% of the students were able to correctly assign a geometric
shape to simple molecule. About 47% were further able to describe this shape in terms of
its bond angle, and predict deviationsto the “ideal” bond angle for this shape. Only 10%
were able to correctly give the reason for this deviation, however. The reason for thisis
probably failing to realize the resonance structure for the molecul e depicted.
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(25) What are the possible values of m; for a 3p atomic orbital?
(a)0
(b)-1,0, +1
(c)-2,-1,0,+1,+2
(d)-3,-2,-1,0,+1, +2,+3
(e)-4,-3,-2,-1,0,+1, +2, +3, +4
(26)  Which one of the following could be the atomic orbital shown in the picture?
(a) 2dyy
(b) 2dx,

@".

(d) 3dy, i3 ! .
(e) 3p. \‘
(27)  What is the full electronic configuration for a P’ jon?
(a) 1s* 2s* 2p° 3s* 3p°
(b) 1s* 2s” 2p* 3s° 3p” 3d* 4s” 4p'
(c) 1s* 2s* 2p° 3s* 3p°
(d) 1s* 1p° 2s% 2p° 3s*
(e) 1s* 2p° 35 3p° 3d*
(28) Of the following atoms, which would you expect to have the smallest diameter —
hydrogen (H), helium (He), ruthenium (Ru, Z = 44), francium (Fr, Z = 87) or radon (Rn,
Z =86)?
(a) H
(b) He
(¢) Ru
(d) Fr

(¢) Rn



(29)

(30)

€1y

The first ionization energy of O (+1314 kJ/mol) is slightly less than N (+1402 kJ/mol).
Which of the following statements is true?

(a) Zegr for O is less than for N

(b) The observed behavior is normal: the first ionization energy decreases from left to
right across a period

(c) Shielding for O is less than for N
(d) The N atom has more stability than expected, associated with a half-filled p shell

(e) The higher ionization energy of N than O is associated with breaking into a filled
subshell for N

Which one of the following ionic compounds will have the highest melting point?
(a) CaS

(b) KBr

(c) MgO

(d) NaCl

(e) Csl

Use the following information to calculate AH,,. Average bond energy H-H = 432
kJ/mol; C1-Cl = 243 kJ/mol; H-C1=427 kJ

Hy(g) + Cly(g) — 2 HCl(g)
(a) AHpp =-179 kJ/mol
(b) AHyxp = +179 kJ/mol
(¢) AHxn = +248 kJ/mol
(d) AHyx, = +1102 kJ/mol

(¢) AHxn = 11529 kJ/mol



(32)

(33)

Which is the best Lewis dot structure for the toxic molecule hydrogen cyanide?
(b) H- C— N :

(c) H-C= N

(d) H=C=N:

(e) H-C=N:

A Lewis dot structure for one of the resonance forms of ozone, Os is shown below.
Which of the following statements about this molecule is false?
0=0-0:
(a) The average oxygen-oxygen bond order in each resonance form is 0.5
(b) Each atom has a complete octet of electrons so obeys Lewis’ ‘octet rule’
(c) There are two possible good resonance structures for ozone

(d) In each good resonance structure, the central O atom has one lone pair

(e) In principle, the O=0 should be shorter than the O-O bond but in the real molecule
both bonds are the same length



(34) The best Lewis dot structure for water is shown below. Which shape is the molecule
based on (the shape of the electron groups)?
H-O-H
(a) Linear
(b) Trigonal planar
(c) Tetrahedron
(d) Trigonal bipyramid
(e) Octahedron

(35) The Lewis dot structure for the unusual ion IF,O" is shown below. There are two lone
pairs associated with the central I atom. What is the shape of the molecule (molecular
geometry)?

(a) T-shaped

(b) Trigonal planar

(c) Trigonal bipyramid
(d) See-saw

(e) Octahedral



Extra Credit Question
(XC) Predict the H-P-H bond angle in phosphine, PHj.
(a) <90°
(b) <104.5°
(c) Exactly 104.5°
(d) >104.5°

(e) Exactly 120°



