Program Assessment Data

Physics and Engineering Physics
Spring 2016



Assessment data for the the combined programs of physics and engineering
physics are presented together. The learning outcomes for each program is
listed below.

Graduates from the Physics B.S. and B.A. programs will demonstrate the fol-
lowing learning outcomes:

1.

Students will develop an understanding of the fundamental principles of
physics

Students will apply physical principles, mathematical reasoning, and com-
putational techniques to solve real-world problems

Students will design and conduct experiments as well as analyze and in-
terpret data

. Students will effectively communicate complicated technical information

Students will effectively collaborate in teams

Graduates from the Engineering Physics program will demonstrate the following
learning outcomes:

1.

Students will develop an understanding of the fundamental principles of
physics and of engineering

Students will apply physical principles, mathematical reasoning, and com-
putational techniques to solve real-world problems

Students will design and conduct experiments or complete an engineering
design project as well as analyze and interpret data.

Students will effectively communicate complicated technical information

Students will effectively collaborate in teams



Physics and Engineering
PLO 1: Fundamental Principles

Program Learning Outcome: Students will develop an understanding of the fundamental prin-
ciples of physics.

Measure: Major Field Achievement Test in Physics taken by seniors in the capstone course
PHY475.

Criteria for success: At least 50% of students will score more than the 40th percentile on the
MFAT in Physics.

Aligned with DQP Learning Areas:

—_

. | Specialized Knowledge‘

2. Broad Integrative Knowledge

3. Intellectual Skill/Core Competencies
4. Applied and Collaborative Learning
5. Civic and Global Learning

Longitudinal Data:

2007 2008 2009* 2012 2013 2014 2015 2016
N of Students 5 6 9 7 7 6 8 14
Above 40th 80% 57% 56% 1% 57% 33% 50% 50%
Score Average 160£25 147+£10 14149 148+13 148+15 139£9 14446 145+£12
Lower Division 58+26 48+13  41+£11  50+£15 48+16  43+11 4648 49413
Upper Division 60+£20 46+13  42+10 44+£10 46+12 36+£13 4349 42413
Achieved Criteria yes yes yes yes yes no yes yes

*Data was not collected during the 2009-10 or 2010-11 academic years.

Additional Data: In our survey of graduating seniors, students all in 2015 (8/8) and 13/14 rated
themselves as either high satisfactory or outstanding in having achieved this learning outcome.
(Though this may be more a measure of self-confidence.)

Conclusions Drawn from Data:

Generally students are just barely meeting the criteria established. Students are typically measured
at the end of their senior year. This data suggests that the “typical student” is unable to recall
ideas at the time they are taking the exam that we hope they would have.

There is a tendency for averages to be changed significantly by a few individuals, so these averages
should be perhaps viewed cautiously. Often students who have reviewed material before the MFAT
exam do significantly better. This occurs primarily from students who take the physics GRE, and
to a lesser degree individuals who severed as TAs. However, the population doing these activities
might naturally score higher on the MFAT.

We are in process of evaluating whether the criteria of success is appropriate (perhaps setting dif-
ferent criteria for the two programs, or including additional data such as the breakdown of material
provided by the MFAT, or the department average as a whole.)

Brief interviews with students indicated that we may not be preparing the students to take this
kind of exam very well (i.e. they almost never see multiple choice, and rarely problems that they

are not completely working out.)

Changes to be Made Based on Data:



The MFAT exam itself has more of a focus on material typically through the first 2-3 years in the
curriculum. In 2015 there were changes made to the content of the Senior Lab course. In partic-
ular, the two advanced lab rotations more intentionally started with fundamental principles and
then built on this material. Additionally, one class session of “big ideas” was added. To a small
extent this exposes all students to some level of review.

We also have not had a system in place to guarantee that all our majors have taken the MFAT.
Beginning 2014-15 the exam will be embedded into a required upper division class for seniors.

Rubric Used: None



Physics and Engineering
PLO 2: Application

Program Learning Outcome: Students will apply physical principles, mathematical reasoning,
and computational techniques to solve real-world problems.

Measure: Embedded final exam question given in upper division mastery class on a rotating basis.

Criteria for success: At least 75% of students will achieve an average score of 2.5 or higher on
criteria described in application rubric.

Aligned with DQP Learning Areas:
1. Specialized Knowledge

2. Broad Integrative Knowledge

3. Intellectual Skill/Core Competencies

4. | Applied and Collaborative Learning

5. Civic and Global Learning
Longitudinal Data:

2011-12  2012-13 2013-14 2014-15 2015-16
N of Students 22 15 17 11 35
Class E&M Nuclear E&M Nuclear  E&M
% above 2.5 71 % 84 % 88% 82% 80%
met criteria no yes yes yes yes

Note that some raw student work was missing and a mapping method was used to approximate
application of the rubric to appropriate questions on the final exam. This method probably gives a
reasonable estimate of data though direct use of the rubric is preferable.

Additional Data: In the survey of graduating seniors, students typically (7/8 in 2015 and 13/14
in 2016) rated themselves as either high satisfactory or outstanding in this category. One student,
who rated themselves as low satisfactory, suggested adding a seminar in applications, while another
indicated that little focus is placed on this for the mechanical emphasis.

Conclusions Drawn from Data: Typically our students are doing well. Though not directly
measured, we have noticed occasionally students struggle knowing when computational tools are
most appropriate if not prompted in some way.

In establishing this learning outcome, review of the curriculum tended to show that we had pre-
viously not focused as much on applications within courses. The computational piece has been
strengthened by utilizing tools such as MATLAB through several courses from freshman through
senior level.

Changes to be Made Based on Data: Increased use of computational techniques including
introductory physics lab, modern physics, and various upper division classes.

The degree to which students evaluate their solution is also varied. Typically this has not explicitly
been a required part of problems being solved. It is recommended that at least periodically an
evaluation of their solutions be an explicit part of problems rather than the hope that students
have learned the good habit of evaluating their solution when they have finished it, and assume
that this is taking place.

Rubric Used: Physics and Engineering Application Rubric
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Physics and Engineering
PLO 3: Experimental

Program Learning Outcome: Students will design and conduct experiments or complete engi-
neering design projects as well as analyze and interpret data.

Measure: Two assignments from PHY475: lab rotation one highlighting analysis and Senior Lab
final project highlighting design.

Criteria for success: At least 75% of students will achieve an average score of 2.5 or higher on
criteria described in experimental rubric.

Aligned with DQP Learning Areas:

1. ’ Specialized Knowledge‘

2. Broad Integrative Knowledge

3. Intellectual Skill/Core Competencies

4. ’Applied and Collaborative Learning

5. Civic and Global Learning
Longitudinal Data:

2012-13 2013-14 2014-15 2015-16
N of Students 8 8 8 14
% above 2.5 75% - 88% 93%
met criteria yes no yes yes

In 2013-14 students did not complete an individual project, but rather reported on a particular
topic, but did participate in lab rotations.

Additional Data: In a 2015 survey of graduating seniors, students generally (7/8) rated them-
selves as either high satisfactory or outstanding in having achieved this learning outcome. Several
comments indicated that more upper-division experience in this would be helpful.

In a 2016 survey of graduating seniors, 10/14 students rated themselves as either high satisfactory
or outstanding in having achieved this learning outcome. This learning outcome was the lowest
scored learning outcome from this self-response survey. Students with a mechanics emphasis par-
ticularly indicated they would like to have more opportunities to develop their ability to complete
an engineering project.

Conclusions Drawn from Data: Students are observed to be strong at certain features on the
rubric (error analysis, reach appropriate conclusions) while typically weaker in others (developing
procedures independently). Perhaps not surprisingly, students are strongest in aspects that they
have practiced the most.

Changes to be Made Based on Data: Upon establishing this learning outcome and developing
the rubric the department recognized that we did not provide many opportunities for students to
develop their own procedures (many procedures were described for them.) Creating an advanced
lab was an important step in accomplishing this. Additionally this year a project was added to
analytical mechanics in the 2015-16 year.

PHY475 has improved students abilities, but a stronger thread through the curriculum appears
necessary. Building a more scaffolded approach, where they practice an increasing amount of in-
dependence would be helpful. In viewing our curriculum in program review, this will be one area
that will be considered.

Rubric Used: Physics and Engineering Experimental Rubric
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Physics and Engineering
PLO 4: Communication

Program Learning Outcome: Students will effectively communicate complicated technical in-
formation.

Measure: PHY475: Senior Lab final written project and technical talk. Juried as a department;
Secondary Measure Oral Examination in Electricity and Magnetism.

Criteria for success: At least 75% of students will achieve an average score of 2.5 or higher on
criteria on the Oral and Written Presentation rubrics; At least 75% of students will achieve an av-
erage score of no less than one grade lower on their PHY361 final oral exam than their written exam.

Second Measure:

Aligned with DQP Learning Areas:
1. Specialized Knowledge

2. Broad Integrative Knowledge

3. | Intellectual Skill/Core Competencies

4. Applied and Collaborative Learning
5. Civic and Global Learning

Longitudinal Data:
Data from Senior Project Talks:

2012-13  2013-14 2014-15 2015-16
N of Students 8 7 8 14
% above 2.5 88% 100% 100% 100%
average score - 3.2 3.4 3.6
met criteria yes yes yes yes

Data from papers written on senior projects. Note that seniors did not create a write-up in the
2013-14 academic year.

2012-13 2013-14 2014-15 2015-16
N of Students 8 7 8 14
% above 2.5 75% - 100% 93%
met criteria yes no yes yes

Additional Data:
Data from E&M oral exams showing the number of students that scored no more than a grade
lower (9 percent less) on their oral portion of their final compared to the written final.

2009-10 2011-12 2013-14 2015-16
N of Students 11 22 18 35
met requirement 82% 95% 83% 100%
met criteria yes yes yes yes

In a survey of graduating seniors, all students (8/8 in 2015 and 14/14 in 2016) rated themselves
as either high satisfactory or outstanding in having achieved this learning outcome. (This may be
more a measure of self-confidence.)



Conclusions Drawn from Data: Students have often demonstrated stronger speaking skills than
writing skills. Though students are frequently meeting our criteria, their overall scores are closer
to the 2.5 range.

The criteria for the secondary data taken from the oral exams might need to be revisited. On the
data from the 2015-16 year, 3 of the students did not do well on the oral exam, but did much worse
on the written exam. Perhaps an additional minimum criteria for the oral exam score would be
more indicate of a students ability to communicate technical information.

Changes to be Made Based on Data: Both writing and speaking have been incorporated
into more courses. Increased opportunities to develop these skills is important. In 2015 the writing
rubric was applied to students starting in their sophomore year. This led to more rigorous attention
to the presentation of data and communication. It would be helpful to build in some additional
practice with speaking about technical concepts earlier in their academic career.

In 2016 the PHY495 class seminar focused on technical writing and presenting skills. In program
review this might allow for a more of an emphasis on the student projects in PHY475.

Rubric Used:
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Physics and Engineering
PLO 5: Teamwork

Program Learning Outcome: Students will effectively collaborate in teams.

Measure: Teamwork survey taken, and faculty evaluation of the teams. This survey and evalua-

tion is done in PHY304L.

Criteria for success: At least 75% of students will achieve an average score of 2.5 or higher on

criteria described in teamwork rubric.

Aligned with DQP Learning Areas:

1. Specialized Knowledge

2. Broad Integrative Knowledge

3. | Intellectual Skill/Core Competencies

4. Applied and Collaborative Learning

5. Civic and Global Learning

Longitudinal Data:
Peer team evaluation:

2013-14 2014-15 2015-16

N of Students 13 24 18
% above 2.5 86% 95% 94%
average score 3.5 3.5 3.6
met criteria yes yes yes

Additional Data:

Faculty evaluation of teams. The team as a whole was evaluated on the first, second and sixth row
on the rubric (focus, working together, and accomplishing goal):

2013-14 2014-15 2015-16

N of teams 4 8 9

% above 2.5 100% 88% 89%
average score 3.0 3.3 3.3
met criteria yes yes yes

Conclusions Drawn from Data: Overall students tend to rate each other very highly. This
motivated the addition of observations from the professor.

Changes to be Made Based on Data: The measurement instrument was changed after the
first year. The second year a more detailed instrument was used in addition to data gathered from
the professor. Further modifications may be helpful in the rubric (adding more specifics) to help
guide students toward being more effective team members.

Rubric Used:
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