Millikin University
Student Learning in the Chemistry Major

By Ed Acheson, Paris Barnes, George Bennett,
Clarence Josefson, and Anne Rammelsberg
July 1, 2013

Executive Summary

The Department of Chemistry supports the mission of the university in
preparing students for professional success, democratic citizenship in a global
community, and a personal life of meaning and value by producing graduates
who achieve the following three chemistry-specific learning outcome goals:

1. Demonstrate the skills to solve problems and communicate through
writing and speaking.
2. Discover how to integrate and apply knowledge and skills both within the

chemistry community and between chemistry and other disciplinary
communities.

3. Develop the capacity to address real-world scenarios in which chemistry
plays a role.

Our curriculum introduces each student to the five sub-fields of chemistry
recommended by the Committee on Professional Training of the American
Chemical
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Snapshot

The Department of Chemistry is approved by the Committee on
Professional Training (CPT) of the American Chemical Society (ACS). The
department consists of five full-time faculty members representing the five major
sub-fields of chemistry: analytical chemistry, biochemistry, inorganic chemistry,
organic chemistry, and physical chemistry. All chemistry majors choose one of
four emphases: biochemistry, business, research, or secondary education.
Students complete 23 credits of common core courses plus additional courses
specific to the emphasis. Our CH121-General Chemistry course serves
approximately 200 students per year, including students majoring in chemistry,
biology, nursing, elementary education, athletic training, physical education,
psychology, and exploratory studies, inter alia. Our CH224-Inorganic Chemistry
and CH301/302-0rganic Chemistry courses each serve approximately 50-65
students per year, primarily chemistry and biology majors. In the decade from
1994 to 2004, approximately nine majors per year graduated with chemistry
degrees. Since 2004, the number of majors has typically been above that number-
as high as 18 in 2008-in part due to our new science center. Approximately half
of our graduates pursue advanced degrees.

The Department of Chemistry resides in the 83,000-square-foot Leighty-
Tabor Science Center, which opened in the spring 2002 semester. We also joined
Midwestern University in a dual-acceptance pre-pharmacy agreement. In terms
of curriculum, our most recent initiatives have been in course delivery,
specifically the Block CH121, designed for students with limited chemistry
backgrounds, that meets five days a week for half the semester. The block concept
was extended to our CH203/205—Essentials of Organic and Biochemistry service
course during the spring 2005 semester. Beginning with the 2012-2013 academic
year, we added a new course to the curriculum, CH131--Accelerated General
Chemistry. CH131, a first semester course in general chemistry, is designed for
science majors with a strong high school chemistry background. These students
previously received proficiency credit for CH121 and started their college
chemistry program with CH224, the second semester course. As we evaluated
student learning, we realized that these students, despite their strong
backgrounds, would benefit from additional study in general chemistry; hence,
the development and addition of CH131 to our curriculum.

Beginning in 2008, ACS-CPT modified the curricular requirements
necessary for program approval. A review of our curriculum indicates that our
current curriculum meets the modified ACS-CPT requirements. Working in
cooperation with the staff of Staley Library, we added two new resources in 2008
and 2009 for students to use in research: ACS Web Editions and SciFinder web
version. ACS Web Editions allows students to search 34 ACS journals online.
SciFinder allows students to search a multitude of scientific journals in all areas
of science.






The Learning Story

Three hallmarks characterize the typical learning experience provided through
the chemistry major:

1. Do Chemistry as Chemists Do It
Students use modern instruments from the first lab class in the first year;
repeating experiments should be normal, not remedial. The desired



Just as the curriculum helps the department achieve goals for student
learning outcomes and helps students actualize their plans of study, so too does
the advising process. Advising in the Department of Chemistry facilitates and



the following assessment criteria will therefore be used to evaluate student
progress in achieving department learning goals:
“Green light” (an acceptable level or clearly heading in the right direction and
not requiring any immediate change in course of action): 80% or more of the
students ranked “adequate” or “excellent”;
“Yellow light” (not an acceptable level; either improving, but not as quickly as
desired or declining slightly. Strategies and approaches should be reviewed
and appropriate adjustments taken to reach an acceptable level or desired
rate of improvement): 60% to 80% of the students ranked “adequate” or

“excellent”; and

“Red light” (our current status or direction of change is unacceptable.
Immediate, high priority actions should be taken to address this area): fewer
than 60% of the students ranked “adequate” or “excellent”.

For reporting purposes, a rubric numeric score of 13-14 will be considered
“excellent”; a score of 8-12 will be considered “adequate”; and a score less than 8

will be considered “nominal”.

Assessment data are listed in the tables below.

Table 1.

Department Goal 1: Demonstrate the skills to solve problems and communicate

through writing and speaking.

Rubric Category

Percentage of students in category

Excellent 22
Adequate 78
Total of above (used for 100
rating)
Nominal 0
Number of students 9
evaluated
Average numeric score 10.6

Rating for goal 1: “Green light”.







Table 4.

Year-by-Year Comparisons.

Year - 2010 2011 2012 2013
Goal |
1 Rating 83 89 100 100
percentage
“Color” rating Green Green Green Green
> Rating 100 100 84 100
percentage
“Color” rating Green Green Green Green
3 Rating 80 80 83 100
percentage
“Color” rating Green Green Green Green

Ratings: = 80% = Green; 60% - 80% = Yellow; < 60% = Red

Analysis of Assessment Results

For the 2012-2013 academic year, student learning for all three of our
learning goals was assessed at the “green light” level (an acceptable level or
clearly heading in the right direction and not requiring any immediate change in
course of action). We are, of course, pleased with these results. This is the seventh
consecutive year in which student learning has been at the “green light” level. In
every year since we began the assessment process, we have made (and continue
to make) conscious efforts to improve student learning. We believe these efforts
are reflected in the acceptable level of learning in the past seven years for all three
department learning goals.

We are also pleased to note that for the first time in seven years, all the
students assessed performed at an “acceptable” or higher level. We admittedly do
not have a ready explanation for the success of the students this year;
nevertheless, we believe part of the credit can be attributed to the fact that our
efforts to recruit top-quality students, led by Dr. Anne Rammelsberg, are
beginning to bear fruit. In addition to their academic success, 100% of the
students who wanted to attend medical or professional school were admitted to
the school of their choice. All of the remaining students are gainfully employed in
the chemical industry.

The data in Table 5 (vide infra) further demonstrate the strength of this year’s
class. For the first time in several years, all the graduating seniors passed the ETS
Major Field Test in Chemistry.



On a less than positive note, we continue to observe that the quality of
student writing remains dismal across the board. We recognize that despite the
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understanding of scientific instrumentation. Students felt that they had a
reasonable grasp on how to use instrumentation, but did not have sufficient
understanding of the underlying principles of the equipment and the appropriate
applications. In response to these concerns, the faculty is evaluating the
feasibility of implementing an instrumentation review course in the future.

However, quality is more than a modern and up-to-date curriculum. To
complete the quality package, that curriculum must be supported by modern and
up-to-date instrumentation. In the Modernization Report requested by Dean
Randy Brooks earlier this year, we documented the (desperate) need to update
our instrumentation holdings. An article in the Council on Undergraduate
Research CUR Quarterly (“Guidance for Entering Academics in Organic
Chemistry”, McLaughlin, E. C. et al., Summer 2013, pp. 41-48) lends further
credence to the important role infrastructure and internal support play in the
guality of a chemistry program. Two selected quotes from the article:

“It is not uncommon for certain chemistry programs to have over
$500,000 invested in instrumentation...Accordingly, the dollar
support earmarked for equipment maintenance by the institution
sends a clear message to both entering students and faculty.”

“If the institution expects the potential faculty member to be visible
in research, that institution will supply support to assist in the
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Chemical Society’s Examinations Institute and the Educational Testing Service
Major Field Test in Chemistry. We find that our students typically score below
the 50t percentile on such standardized exams. We view the standardized exams
as a measure of our students’ long-term learning, and are concerned with the
relatively poor performance of our students on these exams. We will devote more
effort in the future to improving our students’ long-term learning while still
maintaining their excellent showing on our learning goals.

Improvement Plans

As noted above, one area we intend to work on is improving students’
long-term learning. We administer the ETS Major Field Test in Chemistry in our
seminar course, CH482. In the past, we administered the test at the end of the
course. Students merely had to take the exam—there was no incentive for
students to do well on the exam, nor was there a penalty for doing poorly on the
exam. Beginning in 2008, we administered the test near the beginning of the
course. We also instituted a minimum score students were required to achieve in
order to “pass” the test. If students did not pass the test on their first attempt,
they were required to work with a faculty member on remedial proficiencies
before taking the exam a second time.
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Chemical Society exams. While we do not “teach to the test”, we have devoted
more energy across the curriculum to better prepare our students for these
exams. While we realize we may not achieve 100% passing every year, we will
nevertheless continue to work with our students to help ensure a high pass rate.

In sum, our students are learning well. We must continue to do the things
that have been successful for our students. We will therefore continue to do the
same things we have done in the past with the “tweaks” identified above. We will,
of course, continue to collect data
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Appendix 1: Curriculum Map for Chemistry

University Goals

1. Professional success
2. Democratic citizenship in a global environment
3. A personal life of meaning and value

Department Goals

1. Demonstrate the skills to solve problems and communicate through writing
and speaking.

2. Discover how to integrate and apply knowledge and skills both within the
chemistry community and between chemistry and other disciplinary
communities.

3. Develop the capacity to address real-world scenarios in which chemistry plays
arole.

Curriculum Map (Lecture/Lab) (Bold = Chemistry core courses)

Year Dept. Goal 1 Dept. Goal 2 Dept. Goal 3

1 CH121 or
CH131/151

CH224/CH152

2 CH232/CH253

CH301/251

CH302/CH252

CH303/CH351

CH304

CH432

CH254

CH331/CH354

CH391-392

CH353

CH406

CH420/CH352

CH482

CH482

CH470

CH491-492

14







Research: evaluation by faculty mentor using notebook

| | Excellent | Adequate | Nominal
Quantity [5 points] [3 points]
You work consistently over the  You work consistently most
entire research period with of the time but miss from

clear evidence of significant
weekly work. You consistently
report to faculty mentor.
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Final Presentation: written and oral report of results

| Excellent | Adequate
Report [5 points] [3 points]
A report having quality that A good report but missing
might be submitted to a some aspect of an excellent
research journal. Includes report

background, data and
methods, results, and
discussion. Includes
suggestion for further work.

| Nominal
[1 point]
A report having minimal
value
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Millikin University
Department of Chemistry
Student Learning Evaluation

Evaluation of: Department Goal 2.
“Discover how to integrate and apply knowledge and skills both within the
chemistry community and between chemistry and other disciplinary

communities.”

Item evaluated: The research proposal

Student name:
Date of evaluation:
Evaluation by: Faculty member teaching Introduction to Research

Faculty name:

Item Criteria Student Score
Excellent Adequate Nominal
Process [5 points] [3 points] [1 point]
A thorough explanation of Shows some evidence Restates some general
previous work to a clear of the process: ideas or issues but
study question followed by explanation to shows no evidence of
analysis of previous work to conjecture to analysis analysis.
synthesis into a coherent to synthesis but
proposal. incomplete.
Connection | [3 points] [2 points] [1 point]
A good proposal has a Shows you understand | Minimal connections
history. This includes your the history of the made.
personal experience, ithasa | proposal by examining
real-world context, and it has | some of your own
a connection to previous experiences in the past
work both at Millikin and in as they relate to the
the literature. proposal but otherwise
incomplete.
Readings [4 points]

In-depth synthesis of
thoughtfully selected aspects
of readings related to the
proposal. The readings are
significant and appropriate
at the college level. While
you m9 0.47998 0.48001 r-4(3
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Millikin University
Department of Chemistry
Student Learning Evaluation

Evaluation of: Department Goal 3.

“Develop the capacity to address real-world scenarios in which chemistry plays a

role.”

Item evaluated: Research (evaluation by faculty mentor using notebook)

Student name:

Date of evaluation:

Evaluation by: Faculty mentor
Faculty name:

Item Criteria Student Score

Excellent Adequate Nominal

Quantity [5 points] [3 points] [1 point]
You work consistently | You work You try to cram the
over the entire consistently most work into a short
research period with of the time but miss | period.
clear evidence of from time to time.
significant weekly
work. You

consistently report to
faculty mentor.

Quality [3 points] [2 points]

You work efficiently You have some
with some measure of | success but not at
success. Your workis | the level worthy of
worthy of submission | an off-campus

[1 point]
Work is not worth
crowing about.

to an off-campus conference.
conference.

Notebook | [4 points] [2 points] [1 point]
Notebook is clearly Notebook is Your notebook is
written and contemporaneous incomplete and a
contemporaneous. but hard to follow. mess.

Safety [2 points] [1 point] [O points]
You consistently use | You consistently You work in an
safe practice and use safe practice unsafe manner.
clean up your work but leave a mess
area. behind.

Total Points

(14 Max.)
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