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Course Outcomes Means of Assessment & Criteria / Tasks Summary of Data Use of Results  & Follow-Up
ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.
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words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf
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06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.
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02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.
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represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
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of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.
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diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
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to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit

their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.
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with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
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section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
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screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.

02/02/2015 11:36 AM Generated by TracDat a product of Nuventive. Page 11 of 37



Course Outcomes Means of Assessment & Criteria / Tasks Summary of Data Use of Results  & Follow-Up

demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
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written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
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Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.
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not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question 19).
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pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.
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Elec50B_SLO_Question.pdf

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.
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lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC

02/02/2015 11:36 AM Generated by TracDat a product of Nuventive. Page 18 of 37



Course Outcomes Means of Assessment & Criteria / Tasks Summary of Data Use of Results  & Follow-Up

electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.
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Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
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50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.
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with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
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as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.
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ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.
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when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
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slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
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completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.
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students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/02/2015 11:36 AM Generated by TracDat a product of Nuventive. Page 28 of 37



Course Outcomes Means of Assessment & Criteria / Tasks Summary of Data Use of Results  & Follow-Up

Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.
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Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
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Course Outcome Status:
Actively Assessing

for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage
waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we

acronyms that may not otherwise have
any relevance to students.

02/02/2015 11:36 AM Generated by TracDat a product of Nuventive. Page 31 of 37



Course Outcomes Means of Assessment & Criteria / Tasks Summary of Data Use of Results  & Follow-Up

are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).
Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
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correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

Follow-Up:
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-1 - Students will be able to accurately
measure amplitude and time parameters of a
periodic waveform displayed on the oscilloscope
screen.

SLO/GEO Start Date:
08/25/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:

Assessment Method:
In a laboratory setting, students will write down
correct values of amplitude and period/frequency
for repetitive signals displayed on the
oscilloscope screen. Assessment to be conducted
by department faculty.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will identify at least two of the
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Actively Assessing
three parameters in each of four possible test
situations.

ELEC 50B (VOC) - Electronics Theory - ELEC
50-B-2 - Students completing ELEC 50B will be
able to employ polar and/or rectangular notation
to determine the magnitude and phase shift of an
unknown circuit parameter (voltage, current,
impedance, and/or power).

SLO/GEO Start Date:
04/22/2008
Intended Date to Complete 'Use of Results':
06/30/2010
Course Outcome Status:
Actively Assessing

Assessment Method:
Exam to have students determine magnitude and
phase shift of unknown circuit parameters using
rectangular and polar notation.
Assessment Method Category:
Course Embedded Test
Criterion:
70% of students will answer 7 of 10 questions
correctly on a department-developed assessment
to be administered by course faculty.

06/20/2014 - The effort begun in 2012, in which
students were first asked to associate phase-angle
calculations with the concept of impedance, was
substantially expanded in one section of ELEC 50B in
Spring 2014. Previously, students were asked to
identify the relevant phase angles in questions on
exams. In Spring 2014, the assessment was expanded to
include an in-class activity as well as a question on the
lab practical portion of the final exam, in addition to a
modified form of the question asked on the final exam
for several years. The in-class activity was an attempt to
obtain immediate, authentic feedback. After the lecture
period on the topic of impedance in series RL or RC
circuits, students were asked to write their answers (on
index cards provided to them at the beginning of the
lecture period) to the following question: "In a series
AC circuit what does the impedance phase angle
represent?" The answers were anonymous (no names
attached to the cards), but all students were required to
submit a card before they were allowed to leave the
room for class break, thus ensuring 100% participation.
(Faculty members were stationed at the doors to collect
the cards; any student submitting a blank card was told
to return to his desk.) The attached document, "in class
responses to phase angle question," shows that 10 of 21
students substantially identified the relevant parameters.
Interestingly, however, all the students provided
"quality" responses in that they attempted to answer the
question fully with evidence based on their knowledge
to date. This result is significant: even students who did
not completely identify the issue at hand made a fully
engaged attempt at answering the question. In other
words, nobody gave up.
   For this section, essentially the same question was
asked as part of both the written and lab practical
portions of the final exam. See attached documents
"Final Exam Question Written" and "Practical Exam
Question (Question 19)." We are seeing improved
understanding and retention of the essential concepts
when the question is asked as part of a written exam
covering theory, but students still struggle with relating
the theoretical concepts to the measurements they make
in the laboratory. Of the 20 students completing the
written final exam, 10 had written responses
demonstrating understanding of the waveforms
associated with the phase angle [theta], and eight
correctly related the phase angle to the concept of
impedance (by stating that impedance is the ratio of
voltage to current as seen by the source, for example).
Fourteen of twenty correctly identified the voltage

06/20/2014 - The index-card response
technique worked, and all faculty
members will be encouraged to use it in
their own courses for questions for
which they seek immediate feedback. In
addition, this exercise provided the
instructor with an opportunity to
incorporate a discussion of student-
learning outcomes in context without
needing to incorporate buzzwords or
acronyms that may not otherwise have
any relevance to students.

02/02/2015 11:36 AM Generated by TracDat a product of Nuventive. Page 34 of 37



Course Outcomes Means of Assessment & Criteria / Tasks Summary of Data Use of Results  & Follow-Up

waveforms and/or phasor quantities with their
associated components, and ten provided a substantially
correct rationale for the choices they made. This set of
results represents a significant improvement in students'
abilities to associate specific numerical calculations
with more general electrical principles. However, when
students were asked as part of the lab practical to
associate measured phase angles in a series RC circuit
with calculated phase angles, only five of the 20 clearly
articulated an understanding in that context that the
measured phase angle is the difference between source
and reactive component voltages, but that the
calculation pertained to the phase difference between
source voltage and circuit current (which is also the
voltage phase of the resistance). Overall, however, we
are seeing that by revisiting these concepts in different
contexts the students' abilities to articulate the specific
measurements and calculations they make to more
abstract principles is enhanced. Since impedance-
related calculations constitute about half of the AC
electronics curriculum, the department feels that it is
important for all stakeholders to have an understanding
of why the concepts covered in this portion of the
course are fundamental to development of competence
in the discipline.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
In class responses to phase angle
question.pdf
Final Exam Question written.pdf
Practical Exam Question (Question
19).pdf

06/20/2012 - The department has expanded its
assessment efforts of this topic in 2011/2012 in  an
effort to document students' critical thinking efforts as
they pertain to the concept of impedance. In addition to
performing numerical calculations, students are now
explicitly required to identify the relevant circuit
parameters and phase angles associated with the
mathematical results. The question has been asked in a
slightly modified form in four sections of the course
held over two semesters. In all sections, students were
asked to label waveforms and identify specifically the
waveforms to which the calculated phase angle applied.
In one section, students were also asked to provide a
written rationale for their choices. Results are broken
out by section:
Section 1: Correctly labeled 3 waveforms: 8/15
(53.3%); correctly calculated phase angle: 11.5/15
(76.7%); correctly associated phase angle with
waveforms: 3.5/15 (23.3%).

06/20/2012 - The department will
continue to assess this concept using a
standard form of the question (shown in
the related documents section) in which
students are also asked to provide a
written rationale for their choices. This
question becomes a program-level
assessment because the intent is to
analyze students' higher-order thinking
skills. Rather than simply having
students work pencil-and-paper
problems using techniques learned by
rote, instructors are asking students to
articulate their rationale for the choices
they make. By doing so, instructors are
also able to determine the thought
processes involved and will be able to
address erroneous conclusions
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Section 2: Correctly labeled 3 waveforms: 10.5/18
(58.3%); correctly calculated phase angle: 10/18
(55.6%); correctly associated phase angle with
waveforms: 4.5/15 (25.0%).
Section 3: Students were asked to label three voltages
as well as phase angle on both a sine-wave graphic and
a phasor diagram (see related documents for an
illustration of the question). Of 28 students in this
section, 22 (78.6%) correctly identified the sine wave
associated with the source, and 19 (67.9%) correctly
identified the sine waves associated with the resistor
and capacitor voltages. Twelve (42.9%) correctly
associated the calculated phase angle as being that
between the resistor voltage (hence, circuit current) and
source voltage. On the phasor diagram, 20 (71.5%)
correctly identified the phasors associatd with the
resistor and source voltages, 19 (67.9%) identified the
capacitor voltage phasor, and 12 (42.9%) properly
placed the phase angle.
Section 4: Question asked in the same fashion as for
Section 3 but with the additional request to provide a
written rationale for the choices made. On sine-wave
diagram, 10 of 17 students correctly identified both
resistor and capacitor voltages, and 11 identified source
voltage; however only 3 correctly identified the phase
angle. On the phasor diagram representation 12
identified all three voltages correctly, and 8 properly
associated the phase angle with the relevant phasors.
There were a total of 78 students in the four sections.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open
Related Documents:
Elec50B_SLO_Question.pdf

appropriately. This approach
acknowledges that students may have
perfectly rational reasons for the
choices they make, even if the
conclusions drawn are incorrect. The
intent is to improve the teaching by
determining where the students'
conceptions of the material depart from
the facts.

Follow-Up:

06/20/2012 - The final sentence of
the SLO question ("Also explain why
[theta], as indicated in these
diagrams, is associated with
impedance") will be moved and
made a separate question in future
exams to minimize the likelihood
that students will overlook it.

02/04/2010 - Fall 2009 sample: Final exam question
with 9 subparts. Total number of students: 31 across
two sections. Twelve students (39%) answered the
question completely correctly (defined as correct
numeric answer, magnitude, units, and written evidence
of throught process employed). An additional seven
students (23%) got eight of nine correct responses, and
three others (10%) got six or seven of nine responses
completely correct. Two students did not attempt
problem. One had correct answers but no written
evidence of work. Most frequent error was in
calculation of impedance; most frequent omission was
nonreporting of phase angles.
Summary of Data Type:
Criterion Met
Summary of Data Status:
Open

02/04/2010 - Students are clearly aware
of the process to be employed to
determine unknown circuit parameters
using polar notation. Even those
students without a background in
trigonometry are able to solve problems
involving complex quantities (i.e., real
and imaginary numbers), leading the
department to conclude that no
additional barriers to success were
introduced by combining electronics
theory with electronics math and
requiring all students to complete both.
Errors tend to be errors of detail, most
often, not reporting the phase angle
along with magnitude. Instructors will
emphasize that a correct answer in AC
electronics will always involve two
elements: magnitude and phase.
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