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Abstract. Our upper-division course reform efforts at the UniversifyColorado start with expert input from non-PER
faculty, and these conversations with faculty enrich andeyour course reforms. We have discovered additional kerafi
these conversations, such as the fact that they serve asafor discussions of pedagogy and PER. However, it is nadysw
obvious — to the faculty or to the PER researchers — what apprwill lead to successful meetings. During the process of
several course transformations we have met with diversétfaio generate consensus learning goals and course amsgss
We describe the general approach used to structure anidfcthese meetings, and include details on what thesdmgset
entailed, how we achieved broad participation and prodecdnversations, as well as potential pitfalls to avoid.
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Mechanics/Math Methods course (PHYS 201).
INTRODUCTION The physics department at CU has around 50 tenure track
L . . aculty members and the department graduates about 50
It is widely-acknowledged in the education research angy5iqrs each year. Faculty course assignments rotate; fac-
reform community that the creation of learning goals is iy yypically do not teach the same course two semesters
|mportant_a_nd beneficial when teachl_ng a course [1, 2 3 ow, Before the SEI grant, the physics faculty had
However, it is common for faculty to neither create nor Useyanstormed the introductory courses to use interactivete

explicit learning goals. It has also been found that PER'niques. Faculty have a generally high interest in PER, and

based curriculum transformations are often not taken uﬁ’nany faculty have spontaneously used clickers in upper-
by non-PER faculty, and that one potential solution to thisio, e[ courses not transformed by the SEI [4].

problem is for PER researchers to view faculty as partners +na first step of all the SEI course transformations has

in the process of improving education [3]. been the creation of student learning goals for the course
Atthe University of Colorado (CU), we have addressedinq,qing hoth course-scale, and topical-scale goals¥i.
both of these issues by holding a series of faculty discusy the courses listed above, course learning goals were de-
SIons |n.p_ar.allel with course tran;formqnon efforts fonffo termined by holding a series of faculty discussions. These
upper-division courses. These discussions have been Va'Hieetings were open to the whole faculty, but generally at-
able FeseafCh tools, aIIowmg the developmen_t of CONSENSURRded by a smaller group of interested faculty members.
learning goals and for turning some key leaming goals intQypjle gl four courses held successful and productive fac-

assessmenf[s. We haye also discov_ered that there are mahrml discussions, in this paper we focus primarily on the
other benefits to holding such meetings, both to the facultyjic.,ssions surrounding PHYS 201 as a case study.

who attend the meetings and to the department as a whole. o faculty at CU decided to transform PHYS 201 in

ulty meetings focused on learning goals and assessmen@iagnostiC on the PHYS 201 material.
Thg approach .vve.describe may serve as a model for struc- 5\ arall 19 faculty members (4 PER, 15 non-PER) par-
turing and facilitating these discussions which other depa ticipated in at least one of the series of 7 meetings, with an

ments may want to adapt to their context. average of 9 faculty at each meeting. Each faculty mem-
ber attended on average 3.4 meetings. Overall, 31 faculty
BACKGROUND in the department have participated in at least one of the 18

For the past 5 years at CU, several science departments hav I-/ed meetings from one of the four transformed courses.
been working to improve undergraduate science educatiof/e consider this high participation a measure of the suc-
as part of the CU Science Education Initiative (SEI). In theCeSS Of these meetings. The most recent meeting (#18) was
Department of Physics, the focus has been on improvingflttended b_y 11 faculty, likely indicating that they pereeiv
upper-division courses: E&M 1, Quantum Mechanics 1,such meetings as valuable. In contrast, other departments

the senior laboratory course, and a sophomore Classic&f CU have held meetings where no faculty have attended,
or have held a first meeting where faculty have expressed a
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desire to never hold such meetings again. qguestioned why make a diagnostic at all when individual
faculty all write final exams to assess the goals that they
WHAT THE DISCUSSIONS ENTAILED value. Several reasons were brought up by faculty (includ-

. . - ing faculty not in the PER group).
Meetings were organized and facilitated by a postdoctoral

Science Teaching Fellow (STF) who provided an agenda BENEFITS OF DISCUSSION
for each meeting to the faculty in advance. The agenda was
summarized by the STF at the start of each meeting andlhe most obvious benefit of the discussion was achiev-
relevant background materials provided as handouts (e.g.iag the stated goals of the meetings: determining learning
list of topics covered by the course in previous semestersgoals, and selecting which should be tested on a concep-
The floor was then opened for discussion of the first agendtual diagnostic [6]. Another important benefit was deciding
item. During discussion, the STF took notes, and recorde@hat physics content belonged in which semester of the se-
and facilitated the conversation. After each meeting, theqguence; what content belonged in prerequisite or follow-on
STF summarized the meeting in a progress report providedourses; and what content was a low priority for coverage.
first to the faculty in attendance for their input, and latert  Beyond these course-specific benefits, there were further
the entire physics faculty. benefits to the faculty who attended and the department as
As an example of the types of issues encountered im whole. One such benefit was that these meetings served
the discussion of learning goals, one discussion focuseds a forum for faculty to discuss pedagogy and student dif-
on the importance of skills versus concepts in a middleficulties, and to share their individual knowledge on these
division physics course. One faculty member pointed outopics, as outlined above. Anecdotally, we find that these
that many of the goals that the group had listed as importardiscussions also had the effect of making discussing educa-
were skills rather than concepts. For instance, one consetion in informal faculty-faculty interactions more common
sus course learning goal is that “students should be able tand acceptable in the department. We also hear from the ju-
project a given vector into components in multiple coordi- nior faculty members who attended that the meetings were
nate systems, and to choose the most appropriate coordingtarticularly beneficial to them as a forum to connect with
system in order to solve a given problem.” The group as aheir colleagues and have their voice heard.
whole decided that both skills and concepts were impor- As a further benefit, these discussions involved more of
tant at the middle-division, and that skills were a large fo-the faculty in thinking about PER — such as the utility
cus in PHYS 201. Faculty also discussed the content of thef creating a conceptual diagnostic, or whether there was
course: For instance, faculty decided that vector dexigati anything “wrong” with PHYS 201 to begin with. More-
would best be taught in E&M1, rather than in PHYS 201, over, these meetings provided a forum for a sort of “cross-
that waves and complex numbers should be taught in Modpollination” between the set of faculty who tend to teach
ern Physics (a prerequisite to PHYS 201), and that Green’the upper-division courses, and PER faculty. Through these
functions need not be taught until later. It is notable tliat a meetings, upper-division instructors and PER faculty both
ter a short discussion, there was broad faculty consensus @ained an opportunity to discuss issues of teaching and

all of these determinations. learning, and to glean from each others’ expertise.
In addition to discussions of learning goals, the meetings
provided a forum for a rich set of productive conversations. ELEMENTS OF SUCCESS

For example, faculty discussed curriculum alignment, in- . . '
cluding which math and physics topics belonged in pHysNot all faculty meetings successfully achieve the beneflts
201 and the curriculum overall. Faculty also discussed styn©ted above. To assist those who may want to hold similar

dent attitudes towards physics and towards the PHYS 20§iScussions, we consider some of the elements of our fac-

course. Some faculty argued that it may affect student attitllty discussions that we believe made them successful. The

tudes negatively to have a purely math methods course egements ‘_Jf SUCCess _reported in th.is section are basgd on
one of the first “real” physics courses that students take. our collective impressions after holding 18 such discussio

Another conversation focused on what students typi-ir_‘ our department. A cross-department comparative discus-

cally struggle with most, such as separation of variablesSion held at CU in which successful and less-successful fac-

in E&M1. Faculty also discussed how many times studentd!ty discussions were compared provided us with some con-

need to be taught one topic. For instance, was it OK thafext to judge which elements are more important for achiev-

students were hitting a brick wall with separation of vari- N9 SUCCess. _ . .
ables in E&M1, or would it be better for them to encounter The faculty discussions we describe were facilitated by

the topic in PHYS 201 first, and hopefully then find it easier@ Postdoctoral Science Teaching Fellow (STF) who had

in E&M1? specific content know_Iedge of the course material. As dis-
There was also a productive discussion about the utiliFuSSed below, we believe that the external role of the STF

of creating a conceptual diagnostic. One faculty membefS important, but this facilitating role could also be taken
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on by a motivated member of the department’s faculty. idea that their input would be particularly valuable (5

Choosing a topic to discuss: It is key when holding of 6 faculty inv_ited this way for PHYS 201 came to at
faculty discussions to choose a topic that will motivate!€ast one meeting). It was also helpful that the organizer
attendance of the faculty in a department. Since course?f the meetings had made a personal connection with
build on one another, discussion of learning goals for arPeveral key facultybefore the meetings by interviewing
individual course is relevant not only to those who teachthese faculty to get their ideas about what was impor-
the course, but to those who teach courses that comf@nt about the PHYS 201 course. Other faculty with a
before and after. In a department like ours, where faculty?€rsonal connection to the facilitator (e.g. through co-
rotate through courses, there is even more motivatiosaching) were also more likely to attend the meetings.
to discuss any individual course because many facultypuring a meeting: During the meeting the facilitator
members either have taught it or will teach it in the future.took several actions in order to maximize the productivity
In non-physics departments, where courses do not alwaysf the discussion.
build upon each other, it may be more productive to discuss One important aspect was to distribute and post a con-
the goals for the overall major and how these broader goalsrete agenda for each meeting. However, it was also impor-
can be addressed by the courses in the major. We hawant not to follow this agenda too rigidly. For instance fie t
also found that, across departments, faculty are generalfjrst meeting of the series the agenda was to discuss broad
most interested in discussing courses intended for majorsourse-scale learning goals, but it quickly became clesr th
rather than service courses or introductory courses. Basdtle faculty wanted to discuss which topics should be cov-
on less successful experiences in other departments, wared in the course, and whether the course should revert
recommend starting with courses intended for majors tdo separate math methods and classical mechanics courses.
develop a culture of faculty discussion about educatiorSince these topics seemed importantto discuss, and also be-
before moving to discussion of lower-division courses. cause the faculty participants seemed unwilling to change
It is also helpful for there to be some additional motivat- topics until these had been settled, the facilitator deférr
ing factor for faculty for why a discussion is needsalv. discussion of course-scale learning goals until the fatgw
Across the departments at CU these motivating factorsneeting. Other discussions, such as one about the utility of
have included grant money and a postdoctoral fellow hirech conceptual diagnostic, were also encouraged as produc-
for the purpose of course transformation (as for PHY Stive despite not having a place on the agenda.
201), creation of a new major, money for determining It may also be necessary for faculty to air grievances
a unified curriculum, fixing a course that most faculty and to feel heard before being able to move to productive
acknowledge isn’t working, and helping a junior faculty discussion. In the PHYS 201 discussion it was necessary
member succeed (e.g. with getting a NSF CAREER grant)to let faculty discuss the shortfalls of the current course

Before the meetings: Actions taken before the meet- Pefore moving on to discussing learing goals. In E&M1,
ings were important to achieve broad faculty participation discussions began with “What is junior E&M1 about? How
One key element for getting faculty participation is the IS it different from the introductory E&M  course?” This
endorsement of authority figures in the department. Abougnabled instructors to air their thoughts and enabled the
9 years ago, a Nobel prize winner in the physics departmeng | - {0 get a sense of faculty attitudes. »
voiced the idea that having faculty meetings to discuss ed- 'tis essential to include a deS|gnated facilitator, kqowl-
ucation issues was important. The chair or associate chafidgeable about the course who is focused on effective fa-
sent an email announcing each meeting, so faculty weré&llitation rather than conveying their own opinion. Witttou
aware that these meetings were supported by the chair. SufﬁeCt'Ve facilitation, discussion may become circulatfwi
port of authority figures has also been important in coursd2culty taking rigid stances and repeating themsel@es.
reforms at other universities [7]. We also believe itis impo 1iNg 0 Yes[8] is a good resource on effective facilitation.
tant to invite the entire faculty in the department. This has Throughout the discussion it is helpful for the facilitator
always been done for SEI-led meetings in the CU physicéo summarize the prop_eedlngs_so that all parties fee.I heard.
department, however, in other departments where this wasO" instance the facilitator might say something like “I
not done, it caused some resentment among the faculfyear overall that you want a diagnostic question addressing

leading to decreased buy-in about education research af@is 1€arning goal, but don't like the current question as it
course transformations. is written, is that right?” If these summary sentences are

Beyond inviting the entire faculty, we have also found synthetic of the rgcent conversqtion as well as summative,
it helpful to individually target key faculty. For instance faculty are more likely to feel as if progress has been made
before the PHYS 201 meetings, all faculty who had@nd be ready to move to the next topic. _
taught PHYS 201 or the next three courses in the physics Another important element for generating faculty
sequence were sent individual e-mails which expresse@00dwill is ending these discussions on time. This
the hope that they could come to the meetings, and th@!Ves faculty the sense that their time is respected.
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When faculty were still mid-discussion at the end of the discussion of topical coverage in PHYS 201, the STF
what was intended to be the final PHYS 201 meet-brought copies of an organized list of what physics and
ing, faculty decided to have another meeting the nexmath topics had been covered in the course previously, and
week rather than let the current meeting go long.in which other courses these topics were used so that the

After a meeting: After each meeting there are several faculty could select from this list which they thought staul
actions the facilitator can take to make future meetingd?® covered in the transformed course.
more productive. We also found that it is important to be sure to follow up
Promptly sending out summaries of the meeting accomWith faculty as to how their input has been used. In cases
plishments to the faculty involved can generate a positiveVhere the learning goals were used to generate course ma-
sense of progress about the meetings. After each discyssidi§rals for E&M, at least one instructor indicated that she
the STF provided a brief synopsis of discussion and the de/anted more information about how the course transforma-
cisions made. In some cases, this included re-writing ideaion had proceeded. Faculty want to know that their time
that the faculty had expressed in the form of concrete learnd@s been valued and well-spent, and regular updates to the
ing goals that the faculty could then discuss and approve i§FOUP send a positive message in this regard.

the next meeting. CONCLUSION

Faculty were given a sense of ownership after E&M1
meetings by placing the initials of individual faculty nést \ye found these series of faculty meetings to be beneficial —

learning goals that th_ei_r ideas had inspired. This helped fa 4, ¢ department, to ourselves as researchers and teachers
ulty keep track of their ideas week to week, even when they,,q 14 the faculty who served on them. Learning goal dis-
Ead bgen re-phrased l')? away tr;lat th_e)(/j_mlg_ht not OtnerV%"SEUSSions leverage the familiar framework of focused com-
ave been recognizable, as well as Indicating to other faGyiiee meetings in order to create a rather unusual facili-
ulty that the goals had initiated with their colleaguest{eat (5104 conversation about the goals of instruction. The sim-
than from the STF or PER group). ple question — what should students get out of this course?
PITEALLS — spurs faculty to explore ideas about course sequencing,
the role of specific physics topics in a student’s mastery

We have also discovered through discussion with othePf the subject, common sticking-points for students, and

departments several things to avoid when holding facultyh€ scholarship of teaching and learning. Teaching is of-
discussions about education. ten a solitary endeavor, and these discussions provide a

One thing we carefully avoided in meetings in the fich forum for instructors to make their views and values

physics department was a sense of PER proselytizin ibout teaching explicit —a valuable process for all invdlve
We emphasized that the STF was coming to the facult houghtful facilitation, open dialogue, and a climate of re
for guidance on what the goals of course transformatiorsPect have enabled these discussions to serve as an impor-
would be. When running the E&M1 discussions, one authof@nt seed in the development of individual and distributed
(SVC), consciously portrayed herself as an outsider (lth t EXPertise in instruction among our faculty.
the Qe_partment and_ to the cogrse). _ _ ACKNOWL EDGMENTS

Similarly, we avoided any discussion telling faculty how
to teach. While pedagogical issues arose in discussion, theThis work is funded by the SEI, CU-Boulder and NSF-
were generally addressed by non-PER faculty, sometimeS€CLI grant #0737118. We thank the faculty participants
with additional comments by PER faculty. We also madeand CU’s Discipline-Based Education Research community
it clear that the learning goals did not dictate what facultyfor a helpful discussion of experiences across departments
could teach - rather, they could be used by any individual
faculty to guide their teaching — or not — at their discretion REFERENCES

A single meeting on such topics is generally not pro- )
. B. Simon, and J. TaylodCscT 39, 52-57 (2009).

ductive. Departments that have held only single meeting M. Smith, and K. PerkinsSV 2010 Sydney 35, 35 (2010)
rather than series of meetings, tell us that these geneél@lly 5 = Henderson. and M. H.’DanaguP 76 7%/ (2608). '

not achieve their goals. 4. K. Perkins, and C. Turped|P Conf. Proc. 1179, 225-228

Another technique that we find less effective is to rely on

faculty doing homework in between meetings. While it may5.

be productive to assign something so that a few faculty have

done it in advance, the facilitator should not plan on the®:

majority of attendees having completed anything. Rathery

we have found it most effective for the STF to prepareg.
copies of working documents in advance so that substantive

work can be done during the meeting. For instance, in

294

(2009).

S. Chasteen, K. Perkins, P. Beale, S. Pollock, and C. Wiema
JCCT 40, 24-30 (2011).

SEI materials for PHYS 201 (2011), availablewai.

col or ado. edu/ sei / depart nent s/ physi cs_2210. htm

G. Gladding AIP Academic-Industrial Workshop (2001).

R. Fisher, and W. L. UryGetting to Yes. Negotiating
Agreement Without Giving In, Penguin (Non-Classics), 1991,
2nd edn., ISBN 0140157352.



