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A Changing Science

> Geosciences have changed markedly
with the advent off the earth systems
pPaadigm and breaderR secialiimpacts

> Scientific progress requines integ ration
WIthin the discipline and aCross
traditional departmentall boundaries

> Multi-investigator, multi-institution
science is increasingly the rule rather
than the exception




A Challenge in
Undergraduate Education

> \What are the implications of these
evolutionary changes; fiok:

> ol dpPpPrEaEH Le) coRtERL

> ol approeach ter pedageay,

> faculty professional development

> instructional materials, labs, fieldwork

> the students who enter our field




Philosophical Challenges

> Undergraduate content has traditionally
peeni divided inte; “siles?, I.e.
mineralegy, palecntelogy, sthucture,

ELC.

> Need/ to, vastly increasel integration to
respond to earth systems reality

> faci
> faci
> faci

Itate anc
Itate anc

Itate ana

measure systems thinking
measure transfer
measure teamwork




Philosophical Challenges

> Ilhis means that a “core” curriculum
Decomes; much harder to define

> Must cross-cut alll areas ofi earth science
ofifiered by aldepartment

> Demands significant intrespection about:
mission, goals, objectives and
programmatic and faculty strengths




Practical Challenges

> Curriculum revisions are driven by
circumstance and casts; of
ChidkaClers as muechrastbyadesian

> Academic Alkidoe - alignRrthe
department response with the
existing intrinsic strengths and the
internal and external stressors




Case Study - SDSU

> My former department, SDSU
Geological Sciences

> Myiroles in this steR/ - Assistant and
ASsEGidte; Proliessor, Undenghaduate
Proghrams; Coprdinator, Undenrghaduate
AdvVisor, Assessment Coordinator

> University Division of Undergraduate
Education - worked for one year half-
time outside of the department as
University Assessment Coordinator




Case Study - SDSU

> Faculty Demographics - first new hire in 10
yvears in 2000 - massive wWayve, of retirements
(=240 %) of; the faculty) by, 2005

> Student population i the majeRdewn i;om

Risterc Righrof 120/ majors toy 250 ey, 2005
> lnternal Stressers

> High/ teaching loads, rising research
expectations

> Unfilled positions, budget cuts

> External Stressors
> University system-wide assessment efforts
> University re-accreditation - WASC




2001-2002 Assessment
and Accountability

> University system decided to collect
data on student learning AND) post-
degree placement:

> Disastrous; stirateqgy T becameViewed as
a liacllty’ PERGFMANCE FEVIEW alid Was
met with resistance and! cynicism

> Did prompt the development off an exit
survey of graduating seniors which
were administered for 2 years -
produced a consistent list of “core”
courses




2001-2002 Assessment
and Accountability

> Faculty were also asked to produce a
lIst: off "core™ courses that defined any.
stidentt as an eanth scientist:

> Amazingly;, the respenses! ol to-Vears:
Worth of gradlating stidents matched
the faculty list exactly.

> Faculty teaching these courses were
asked to list the four to five key skills
students should gain from this
instruction




The 2001-02 Core Courses

> Historical Geology

> Mineralogy:

> Petrelogy.

> StructurallGeology,

> Advanced Eield

> Field Geophysics

> Sedimentology and Stratigraphy
> Paleontology and Biostratigraphy.




Learning Goals 2001-02

Geology 2211, Mineralogy
- learn o recopnize common rock-forming minerals in laboratory hand spocimen
- use diffesent analytical technigues to construct detatbed mineralogical identifications
- umderstand basic ceystallography, including mineral symmetry, crysial chemistory, and minerzl structure at the
giomic level, and relaticnship of internal and external sy mmetry
- leamn the optical properties of minerals and employ these propertics in mineral ientification
- wisiderstand the relationship of minerals found in the feld to the geologic environment which formed them

Geology 306, Structural Geology
- umdersiand the micro- and macsescopic principles, causes, and mechanisms of rock deformation
- ability to measure, map, and recopnize geologic strectures in the field and make meaningful predictions of the
ecation of rock units in the sub-surface or elsewhere at the surface.

- ahility to constract & cross-section of a geplogic field arca and interpret the deformation history of the rocks
present Based on field observations

- ghility to visualize geologic strectures in three dimensions and o understand the typical three-dimensional
distribution of rocks fownd in the Tield and the deformation stvies common 0o different tectonic enyironments.

Geology 08, Advanced Field Geology
- ahility to integrate all geelogic knowkedge to salve geologic problems in the field
-advanced competency in mapping, stuctural and petrologic interpeetations
- advanced mote 12king and measurement skills which maximize efficiency and comphetencss of data collection
under field conditions.
- ghility tosucoessfully work and think critically undes sometinves difficult field conditions




2001-02 Goals: Critique

> Learning goals are micro-scale - very
fiocused on non-integrative. skills,
confined within theip individual courses

> Norn=assessable beyond content
examinations - fialls INte; the ' grades -
assessment trap

> Too specific to each instructor and
course and not the major, leads to a
multitude (>40) of goals that are hard
to link to a broader intellectual mission




2003 - A New Vision

> [0 broaden the intellectual reach of our
goals, we drew on the work of Mary.
Sevina, Edi Buchwaldiandicelleagues at
Earleton’ College: = (ESAvabhstiacts,

20019 -"on rebusty useftlFskills and
nabits of mind as an erdanizing
principal

> Goal was to separate intellectual “habits
of mind” that cross the entire
curriculum from technical/professional
skills that can be localized within
courses or content themes




2003 - A New Vision

> Consultations with faculty. produced 12
Jiechnical/Professional skills, and 8
Habitstoif Mind that cross=cltathe entire
cofe currcultmrand pepularelectives

> Asked faculty/ te rate these 207 skills o
their courses on a sliding scale, where
zero is not at all relevant to 3 being
critical to this course and its purpose




Technical/Professional

Technical Professional skills:

Sradents in my course learn Row fo_.

|. read and interpret geobopical {peoghysical, hydrological, eic.) maps and cross sections

2. constrect geobogical maps and cross sections

1 jdentify, recopnize, and understand the significance of key geological features or Information (e rock
identification, fossil identtfication, seismic phase dentification, etc - related to key scientific content. In
skills-related cowrses relative to content-specific courses this may nof be as central)

4, read and inperpret graphical and scatistical infoemation

5. collect data and construct graphical o statistical summaries‘asalvses of this data

6. condwet basic field investigations using common cquipmenttechnigues

1. conduet basic laboratory invesiipations using common cquipment'icchnigues

f. write papers o communicate data and summarize findings

%, read and understand papers which communicae datz and summarize findings

| (. create and defiver presentations w commuanicate data and summarize findings

| 1. apply appropriate technolegical sids/solutions o geclogic data collection and analysis, use of software
andd computer hardware, etc.

|2, exercise and apply mathenatical and basic science skills in an earth scicnce context




Habits of Mind

Unifving concepts and Habits of Mind:
Steclents tn my cowrse fearn o andersiand ...
g hypotheses
1. equilibrium {static, dynamic, dis-equilibrium)
tmxoaedny {En the most peneral sense - Fossils, rock types, elc. and the relations and distinctions between
"1axa”)




The Results - 2003

al Sciences major
Course and skills matsix - the basis of our deparimental assessment plan, dreft date: April 4, 2003

Key notatall relevant o this course, 1 = touched on butnotemphasized, 2 = importantidea in the course by notcentral, 3 = critical to this course and its purpose
3 e -

Course number (Geological Sciences XXX), and abbreviated title
100 200 221

Color key for casy reference

0 206 307
Plnz ical Ge ol Geol. Tn quirs Mineralo g 5 truc ture. Geophysics

Technical and Professional Skills:
Studenis in dhis course learn how ta...

Read and interprat gevlogical (gasphysical hydrological,

Mo dats received Ho data received Mo dats received
atc.) maps and cross sactions

Construct geolegical maps and cross sactions Mo dats received Mo data received Mo dats recaived

Tdentify, recognize. and undzvstand the significsnee of
kay geelogical fsstures or inform stion (i.s. rock
identification, fossilidentification. seismic phase
identification, etc - related t kep scientfic content)

Mo data received Mo data received Mo data received

Read and interprat graphical and statistical inform ation Mo data received Mo data reseived Mo data received

Sollscr 4363 and conssrucs graphical r seasissical Mo data

summaries/anslyses of this dara received Mo data received Mo data received

Zonduct basic field invastigations using common

Mo dats received Mo data received Mo dats recaived
2quipment/techniques

Conduct basic labaratory investigations using common

Mo dats received Ho data received Mo dats recsived
squipment/tachniques

write papers t communicats data and mummarize

. Mo data received Mo dsta received received
findings

Read and understand papers which commurnicate data

i B Ne data received Mo data received Mo data received
and summarize findings

<reste and deliver prezntations te communicate data Mo data received Mo data receivad Mo dits recsived
and summarize findings

£pply approprizte technelogical aidsfselutions @ geelegi
dara collection and analysis, use of software and Mo data received Mo data received Mo data received
computer hardware, etc,

Exercizz and apply mathematical and basic science skills

Mo data received Mo data received Mo data received
in an earth sciance contedt

ing concepts and Habits of Mind:
Students in my course learm to understand.

How to formulate multiple working hypotheses Mo data recelved Mo data received Mo dats received

Equillbrium (static, dynamic, dis-equilibrium) No data received Mo dsta received received

Tasonerny (in the most genersl ssnse - fossls, rock
types, eto and the relations and distincions between Mo data recsived Mo data received recaived
i

Systems and system-scale interactions, emergent

properties of sysems, fesdbad, thresholds Mo data received Mo data received received

Scale (physical scale as well a5 scale dependence or

Ho data received Mo data received Mo data recaived
independence of phenom ena)

Euolution and changa through tima N data racaived Mo data receivad Mo dats racaived
Inverse problems and inductive thinking from sparse data Ma data received Mo data received Mo dats received

Discrete vs. continuous properties and processes Mo data received Mo data received Mo data received

502
Ges afNA

s08
Ady. Field

G eamp orph.

525
Petrograph:

Geochem.

533
Geophys. Analys.

536
Sed & Strat

537
Geobiolog

552
Field Hydro.

560
S eismalog




Ranked Skills

T echnical/Professional skills:;

Primary | mportance:

identify, recognize, and understand the significance of key geological features or information
(i.e. rock identification, foss identification, seismic phase identification, etc - related to key
scientific content. In skills-related courses reative to content-specific courses this may not be
as central)

read jandinterpret geal egicall (geephyscall Ryarel Ggrcals ete)Imaps and|Grass sections

Secendanylmpaeriance:

read andinterpret .graphi callandistatistical infoenmation

collect: data and construct: graphical’ or statistical summaries/analysesaiithisdata
conduct basic |abaratery investigations using commaon equipment/techniques
read and understand papers which communicate data and summarize findings

Tertiary |mportance:

apply appropriate technological aids/solutions to geologic data collection and analys's, use of
software and computer hardware, etc.

exercise and apply mathematical and basic science skillsin an earth science context
construct geological maps and cross sections




Ranked Skills

Unifying concepts and Habits of Mind:

Primary | mportance:
Inverse problems and inductive thinking from sparse data.
scale(physica scaleaswell as scaledependence or independence of phenomena)

SecendanyAdmpertance:

hew teTermul aiemultipl ewerking nypetheses
evolution andichange threugh time

equilibrium (statiG, dynamiG, dis-equilrarium)
discrete vs. continuous properties and processes

Tertiary Importance:

systems and system-scal e interactions, emergent properties of systems, feedback,
thresholds




A Good Start...

> IThe 2001-2003 efforts provided a solid
conceptual base and an internal
CONSENSUS fol: assessment Work and

clrricultmrealignment

> Provided measurable skills
disembedded! firom content

> Was presented as a model to other
departments in the College of Science




...and then the roof fell in

> 3. Nnew hires joined the department

> massive retirements finalized (6-8
lacultyrout off 14, dependingion how
ORE colnts eanly retremeEntEapackades
offiered durking hormEble budgeER Vears

> WASC accreditation loomed, new Dean
of Undergraduate Studies swings into
action - required departments to state
goals, objectives, and an overall
mission statement




New Stressors and
Responses - 2004-05

> 40% ofi core courses redesigned, updated
and taught by new, untenured faculty

> Major staffing; shoerthallsiionced
CoORdiNation: off tEaching as NEV.ER BEforE

> What shouldf students: knew: comingrinte
my course, and how: can We make sure
that happens

> Evolution: Change in response to
environmental stress - streamlining of
assessment activities and course
sequence and scope




The Young Turks Take Action

> Beer and pizza brainstorming
sessions
> oW o) reconceptiualizerotiz corne

Sequence in rEsprnse tortherdrive to
oM a departmental mission

> how to ensure student-centered
coherence and comprehension

>how to save our own skins teaching-
wise and workload-wise




Administrative Vision

> Division ofi Undergraduate Studies

>N charge off student Iearning
OULCOMES, assessment: guidance

> Set forthrchallEnges o each
department
>Wwrite a mission; statement

>produce three to five student learning
goals - large scale

>write two measurable/observable
outcomes for each goal and state the
assessment timing and strategy




Our Solution

> Conceptualized by the Young Turks,
vetted by strategic allies in the senior
professorate, seld asialcomplete
pPacKkage to) the WholefaGCul Gy,

> Assessment made painiess -
coordinatedf by a department faculty,
member in exchange for release time -
all embedded assessments in existing
course assignments




Our Solution

> Content Threads (lLearning Goals)

> Earth History and Systems, emphasis
on, Liferon EarthrandrSedimentary.
Systems

> Field-Based Geologic/Geophysical
Investigations, emphasizing Earth
Structure and Dynamics

> Earth Materials and Composition in all
parts of the Geosphere




Our Solution

> Geoscience Methods, Norms and
Epistemology: (ILearning Goals)

> Nature and Collecueonieif EVidence in
the Earth Sciences

> Geoscientific Data Interpretation:
Methods and Paradigms




Our Solution

> We identified measurable/observable
objectives for each geal that could be
revisitedi at: progressiverlevels, ofi skill
and sophistication as’ stidentsimoyved
upwards through the curmcuHltm

> Measured in existing assignments

> Explicit attempt to leverage use of the
same field areas and the realities of co-
enrollment and sequence




Shared Field Investigations

> A Key: Strategy
> Maximizes faculty/student ratio

> Maximizes transiiellr = stUdeEnts stuay;,
material fior tWe) COURSES TRTonRe
location

> Minimizes duplication of fieldl time

> Rainbow Basin - Intro Field and
Mineralogy

> Fossil Canyon - Intro Field and
Historical




Shared Field Investigations

> A Longitudinall Strategy

> Students, return’ te; WonRkithe same
ieldiarea againiin a laterclass

> Maxi mizes metacognition and
confidence) - students perceve tne
growth i thelr own understanding

> Utilizes peer teaching approaches,
relieves instructional load on faculty
and TAs

»Rainbow Basin - Intro Field/
Mineralogy and Structural Geology




Making it all work -
The Matrix

> We constructed! a; chart illustrating the
“hoerizontal™ and} Vvertical“ relationships
pPetween content thiread and student

PrOGRession

> Made explicit the scoperand sequence: of
each course - driven by assessment

> Eventually made explicit the staffing
and timing of each course offering to
avoid pre-/co-requisite interference




The Matrix

Curricular
Seguence Theme

Fall

Spring

Fall

Year 3

Year 4

Spring

Earth History and
Systems,

Geol 105

Historical

Cieol 536

Elective/GE

Geol 537

Fall

Mvew 500
fevel

Spring

Cren] 494

Sedimentology Senior
Thesis/

Elective

Geobiol
Sedimentary Rocks NGO

and Life on Earth GEalony

i Paleontology Earth Systems

Stratigraphy

Geol 300

Quantitative
Analysis

Field Methods and
Ceologic
Investigation, Earth
Structure and
Dvnamics

Crenl 200

Geologic
Inguiry

Ciend 306
Structural

Geol 307
Geophysics

Mew S00-
level

Cren] £94
Senior
Thesis!

Elective

Geology Geotectonics

Earth Materials and
Composition,
[gneous and
Metamorphic Rocks

Geol 221
Mineralogy

Geol 224
(324}

Petrology

Cienl 530 Elective/GE Elective/GE Cienl 498

Ado[oany pary pRouRApY §(§ [090) - JALUIWLRE

P

Senior
Thesis/

Elective

Cienchemistey

z nond oy

|1 uondgy - AFooan plang pasuraApy gg (021 - Jaunung |




The Matrix with Tee

Corricnlar Sequence
Thene

“Earth History = Systers,
Sedimentary Bocks and Life
o Easth

Fall

“Geud 105

Historaed Gealogy

Leightan
Schcllenberg

1330-1345 TTH
1400-1640 T

Field Methods and Gealogic
Invesipation, Earth
Structun and Divnamacs

| Gead 200

Ciprgic Imgainy

Rige=

u30-1110T
0930-1210TH

Earth Materia® sl
Compositon, Igneous and
Metamarphic Rocks

| e 221

Mimenahgy

Kimbrwagh

1000-1050 MW
14i0-1640 MW

Weard

Sprimy

| Genl 538

Sedimentoio gy
and Stratigraphy

Ahball

ITE- § TS0 T
T306- 1 540 T

I u.i

ElectivedGE

Lzl X
[ Haanlibative
Analyscy

Melxrs

LHETE WS o
LRGS0 S T

I3 540 TH

| Geal 34

Stractural
Cieehiogy

| Uity

8 OO S
G OO 13

Spring

Cienl 537

Liepbxagy

Schetlenberg

Lezgiion

FOEk- 1 T MW
| Geot 307

Dleophysics

Joraock

E PR N 7 |
J 2N 1T

LAV

Crenl 324
Petmalogy
Pietrusrka

Tk NS MW
SR ol MW

| Cheal 530
| Cienchemisiry

| Pietruzzks

A TS MW
I a0 A

Elociived{iER

ABgnng oL POTLmARY S [UaE - IUENm

1 ool

Mow SO0-loved

Earth Svstems

."i-p\ri-ug
Geal 498
Semor Thesos
Elective

ew S00-bevied
Cedeclonics

Cronl 49K
Benmor Thesaa
Eleetive

ElectiviiGGE

Cieil 494
Semor Thesss
Elective

I

|

Sy oay PEAL] PEmAP Y Sg DA

£

3 ]
& W)




Lessons Learned

> Curriculum revision must be
Viewed as systemic change

> Backwanrds, designtbasedion
desired outcomes Is; crucial

> Faculty must buy in completely,
but the vision typically comes from
a committed core




Issues

> Scheduling can be rigid - not much
FEEM for experimentalimeddling in core
coUrSes!in terms; ol duationiand timing

> Poetentially vulnerablertor fiacuity,
departures and staffing chaRges;, but: in
the presence of strong leadership can
make the department very resilient to
these changes

> Difficult for out-of-sequence students to
be integrated




Parting Thoughts

> It's worth it, but it takes time and
energy - there are ne; quick fixes

> llake a stludent-centered approach

> LoeK o SyNErgies) andreconemies of
scale - minimize duplication el effort

> Seek a shared vision for the ideal
geoscience major's skill set

> Work with your own strengths

> Be evidence-driven - convince the
skeptics with data, not hunches




