ED51E-0827 ' | '
>1E-08 Design Patterns for Instructional Materials

that Foster Proficiency at Analyzing and Interpreting Complex Geoscience Data
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What 1s a Design Pattern? What was our source material? What did we find?

r Cogws ghont WA 1 b

| We analyzed six instructional modules from the InTeGrate project. All were We found six distinct design patterns that were used
A Pattern Language . : . . . .
v B Gt aimed at introductory college level instruction and all were designed in at least three of the modules. They were

The term originated 1in architecture, following a rubric that required use of “authentic, credible geoscience data.” distributed across the modules as tollows:
and refers to a re-useable solution to a Each module encompassed 6 units, spanning 2-3 weeks of instruction.

N recurring problem or situation. RS A SR I
Sara Ishikawa - Murray Silverstein AN . ) e Climate of Change: Interactions and Feedbacks F W Data Puzzles
| M R et PR between Water, Air and Ice
| Shiomo Angel o Cynthia Fadem, Cindy Shellito, and Becca Walker

“ Pooling Data to see Big
Picture

“ Make a decision or
recommendation

“Predict-Observe-Explain

Environmental Justice and Freshwater Resources
Adriana Perez, Jill S. Schneiderman, Meg Stewart,
and Joshua Villalobos

As applied to curriculum design, a design pattern
lays out a sequence of actions to be carried out by
teachers and students in an instructional setting.
Design patterns are content-independent and can be
used again and again for different topics.

A Growing Concern: Sustaining Soil Resources through “Nested Data Sets

Local Decision Making
Sarah Fortner, Martha Murphy, and Hannah Scherer

InTeGrate Module

Deriving New Data Types

Human's Dependence on Earth’'s Mineral Resources
Prajukti (Juk) Bhattacharyya, Joy Branlund, and Leah Joseph

This study looked for design patterns that support the
learning goal of: Students are able to use authentic
geoscience data to make inferences about Earth
processes and decisions about Earth/human
interactions, our geoscience instantiation of NGSS
Practice #4. Analyzing and interpreting data.

]

Living on the Edge: Building Resilient Societies on Active ' - : ' '
Plate Margins 0 2 4 6 8 10 12

Laurel Goodell, Peter Selkin, and Rachel Teasdale # of units containing this design pattern

Natural Hazards and Risks: Hurricanes
Josh Galster, Lisa Gilbert, and Joan Ramage

Descriptions and examples of each design pattern are
Full modules are at: http://serc.carleton.edu/integrate/teaching_materials/modules_courses.html across the bottom of the poster.

4 Data Puzzle ) 4 Pooling Data to See the Big Picture ) 4 Make a Decision or Recommendation ) 2 N 4 Nested Data Sets h 4 Deriving a New Data Type A

Procedure: broced broced Predict-Observe-Explain Procedure: Procedure:
_ _ . . R . . roceaure: roceaure: d . : stude interoret a local d > leallv thev collect this d hemselve
1) Curriculum developer identifies snippetis) of authentic data that embody an important and ~ . : o Procedure: 1) Students interpret a local data set. Ideally they collect this data themselves. 1 ¢ . e - " TIRRY .
idelv-taucht scientific concent. and devel lata visualization(s) that fores d the 1) Individually or in small groups, students interpret different datasets pertaining to the same 1) Students view data visualization(s). - _ . _ _ 2) (optional} Students combine their data with similar data from other students to span a larger 1) .Sturl(,nts_ begin with empirical data or observations. With step by step scaffolding, they perform a
widely-faught scientilic concept, and develops dala visuafization(s) that loreground the -eal world phe ) 2) Students are provided with a scenario that requires a decision or recommendation about 1) Based on either a conceptual model, physical model or computational model, students predict s L ' : ' N series of manipulations or calculations with the data.
patterns or relationships emerging from that concept. e WOSES PRICTIONIENA. B RN N . ' ¥ e i ' ‘hat data from the syste ler consideration would look like under not-yet-seen conditions population, larger area, or longer time span.
_ ! : . A . . 2} Stude hare insights f he different d , human action(s) to be taken in regard to a human/Earth interaction. what data from the system under consideration wotld 100k fIke under not-yet-seen conditions. 3) Leveraging experience with local d dents interore fessionallv collected d \ts of 2) At the end of the procedure, they have a new data type, a “derived data type” used by scientists
2)  Students view static data visualization(s) and answer guiding questions about the system £} Students share insights from the different catasets. 3) Students make a decision or recommendation, informed by data but also taking into account 2)  Students examine additional data, looking for the presence or absence of predicted patterns. 3) Leveraging experience with local data, students interpret professionally collected datasets o - o » procedure, they have 4 new dafa type, 4 “derived dala type used by scientisis.
represented by the data (not just about how to decode the data). 3} A culminating activity requires students to combine information so as to construct a broader ' ;()(,iﬂ ;‘co;wc)rﬁ‘ic h()iitiﬁl or é)th(‘r h(lnw;n h("t()ﬁ mdjﬁétit\t tiwir (,‘h(')ic(: T the TJ{“O data type, to expand beyond their local situation to encompass the region, nation 3) Building on their insights about the derived data type, students then interpret a data set of the
3)  Students experience a rewarding “Aha! moment” of recognition when they see the process »eper view of the phe ) , i s fr ' one , S al : o i L . . or globe. srived fune y i o inferencec ar decici
pert : 8 t" of recog , P or deeper view of the phenomenon than would be obtainable from only one dataset. 4) (optional) Students prepare a communication for stake-holders who are potential participants Theory of Action: derived type and use it to make inferences or decisions.
they have previously studied conceptually manifest in real world data. in the human/Earth interaction .
' o S Working out the predictions attunes students to the relationship between candidate causal Theory of Action: o _ _ . . Theory of Action:

Theory of Action: Theory of Action: Theory of Action: processes and observable behaviors in the system under consideration. Then, when they explore the In ““‘?rlﬁmlnith(?ll' |0C~_1| data, Stﬁd(?qts cahn ((l{mw on th}:?ll' life experience in 'h; I()'ca!nl}v(. anld un Students may have more tendency to “believe” or have confidence in the derived data after going
The dots, bars, squiggles, and blotches of color of a data visualization look nothing like the * Well-structured cooperative learning activities foster engagement and collaboration skills, and Considering data in the context of a consequential human dilemma or challenge is engaging for data, they have an idea what they are looking for; they have a specific search pattern in mind, and some tc.alscl?.s; otn t el (?;xﬁcrl((;ntcos (': O(‘“ns tl ( atal. %U(f Oxpen'or};_os (fm. p.m:'ll ¢ thIg e I)O.Ut through the prdcedure. They may have have a deeper understanding of the derived data type and
conceptual sketches and verbal descriptions by which students are typically introduced to scientific build an understanding that study of something as vast and heterogeneous as the Earth system students. Such activities establish in students” worldview the idea that Earth data can be a tool that can draw on the human brain’s strong pattern-recognition ability. They also see that reality is not as potentia '|m| altlons of the dala and potenfial causal processes ()rl . U('T(“S N e sy st((.lm unc.(_l produce more insightful inferences from their examination of the derived data set Fimll\‘v' students

concepts. This type of activity allows students to see the connection between data and concept for must advance through collaboration. contributes to solving high-stake problems for individual humans or for human society. Moreover, clean and simple as theory would predict. ?ItUd‘\" \; hm: h(;\ mov.(;ho:\l © mtollp:':?tmg the regional, na?l(:nla v ;_il.()_ml.d.:t;s'etf, sttu (?n:s (t-_at;')' might better understand the limitations of the derived data type and avoid using it in 1Dpr()'|’)ri1tolv
clear-cut, unambiguous cases, thus building proficiency at data interpretation and providing an * When humans compare and contrast instances that are related but not identical, they can leverage students gain experience in balancing science input with input from outside science, such as . dth( ;:?l r(nr(zr:*l}n:;{;;t}tjll in :I:(nl]r i:‘::((*r)l'(Lf;:i:jl\n:)(f)li(tq 2:?2(;2:” iy cautious in their ireatment of the
affective reward. the powerful cognitive process of analogical reasoning to “extract the schema,” mapping out what economics, ethics, equity. [ land avasabitty | | ore grade (concentration of mineral) | e - INS18 ' Tprete > meaning. Example:
the analogs have in common. Through repeated engagement around similarities and differences, WATIONAL HURRICANE CENTER - Example: [mum }[ resources needed (water, energy, labor, etc.)
students develop the habit of mind of seeing the world as themes with variation e e o & 2 - Example: The target derived data type is the “Revised
< NS develog > N see > W das 2 S / farle S. T v e o . - e = > 12 o) rive ate ne | 3 wise
Example: 1680.00 e evelop the 0 Ol seeing the woric ATICS VEIGH VETT0 Example: — - S et Previous work familiarized students | minng/ processing technology | | asstance to market _ . Universal Soil Loss Ec 1't.| n” or RUSLE
' G Tt "'-_ 3 with a concept map that models mineral resource ‘ : As pr(?-\w)rk. students take an online version of - aaii — ) i _(‘ o 201 LOS: ] juation- o U
1700.00 Students have learned the basics of hurricane A o~ e T T SR v how the flow of minerals is is determined by things like the “Six America’s” survev on “What's vour . " RUSLE is used to estimate the average soil I -
! . . . R 8 . A of A N ol ™ g - / m S ) 0 A ! A A=~ . . . - s [
Example: Everyone examines a formation and the attributes and behaviors of R R S Py TSR s A ik : | ) | societal i value excoods ./{ mning/orocessing cost | climate change personality?” — ———> A Matter of Degree loss from a field or region in units of tons * R = rainfall and runoff erosivity factor
1 1w 1] . . . . _— . e ma. 8y . - Pl e 2e* b . fec - - A : , become. " me's ] o ) o ! - S “re Ve
1500.00 submarine divergent margin hurricanes, including their characteristics paths __,_;%‘— U= 10 0 B ""« "5 :_mpacte( )? eco;mmllc anc Socfleta nwwvcoﬂ'_\\ s 'mw‘%g substitute mneral/ What's your climate profile? Pt aLTE Par year. * K = soil erodibility factor
' a2 nre-work. > . - Nk 2 . i A —Hag "\ actors, such as development of new I v B product _ ' '
p across the North Atlantic and Caribbean. > o e (R A iV 4 : £ : : ~{_vaiuey price . Survey categorizes respondents as alarmed, concerned, cautious, e _ . . * LS = slope length factor (landscape)
1300.00 So— - . \L{/ » mineral-using products. R diseneaced. doubtful or dismissive with respect to climate chanae RUSLE is calculated by combining a set of ——> ¢
5, v . ¥ sengaged, , or dismissive with respec limate change. . o : . nagement fact
Atmospheric Methane (ppb) :.Q; By A e B i 698 } 5 complex, empirically obtained factors. ; 1 o 0%
~ - \ & ol » /
1100.00 NI R | g — : , — —> N " * P =support practices factor
ffom GISPZ aM AGAGE data >, “."v.{i_ 24 - h ’F 3 . . Social Vulnerabllity to Environmental Hazards Concerned. (
900.00 ad . = Using concept map model, students S Je
iy 4 F ,,{,n'égo;u,‘& ' predict how certain developments ,;w; f‘r* ~R4 7 Through pre-work readings and small group discussion, each of four groups takes responsibility for
& a C £ P2 : ? ’ 1 1 . Y .y o . > 1 5 A/ 3 S > f~ : 5 1S
700.00 e BRED 008w N oo . would have impacted price and % Ih.'# By 2 . still as pre-work, students categorize themselves understanding one or two of the component factors of the RUSLE.
] ' . - < S ’ o - . - . B v - v . - » .
00 ’\'_5-,{,3‘-‘4;’““‘, g s?ira%éo(;flaixrfgil\?eer ent production of Li and Ni, e.g.: g. . ,‘l{ ! 3 ok 3 S and their community according to population Group 4
- -— - . .. - . . “ v e . a0 .- -p-
500. Separae | 1 ge * 1992: EPA classifies Cd, used in oy . Wi characteristics that affect vulnerability to ,
o margins (each with multiple . : . : Ni-Cd batteries. as a carcinogen et environmental hazards (e.g. age, education.)
300.00 data types). They are given a forecast for a specific hurricane INILGE B >S5, as a Carcinog - '
100 80 60 years kBP 40 20 0 . . along with the following scenario: * 1998-2004: Three new Ni mines
Full class discussion compares and < - li
' open In Auslralia U.S. Adults, March 2012
- - iffer f - contrasts across field areas. “Itis Frid [ d tainer ship in Miami * 2007-2009: Global recession - ’ A 3
4. Characterize your graph. What trends do you notice? How does the present differ from the past in is Friday morning and your container ship in Miami 2 -2 G ssion. s

Table 1: Complete the Submarine Divergent Plate Soundaries column below before is scheduled to sail for Galveston, Texas, this

terms of atmospheric methane concentration? Be specific.

R factor K factor LS factor C & P factors

5. Accordi ) d hen docs drastic ol _ b : Data Type SSE——_. RS - afternoon. It is normally a three-day trip, but a —— - .
. According to your ice core data, when does the most drastic change in atmospheric methane yrore . . ; W , full-cl: e CUSS sac saches the rest |
ngto) ' i - "3 ange ‘ P Carthasake characterstcs (s /destty v N | W — T — hurricane is predicted to be near Miami by Sunday 30000 2000000 _, ) . - . In. full-class dlS(.LISSI()I.L e 1(_.h group tmgh(_s the rest Keeping all other factors the same, if a farmer changes
concentration occur? From that date to the present, what is the rate of increase in methane IL"I”:"‘:‘..‘:.‘Z’ e oret ‘"l""m'".‘.'.‘.‘t"..'lol«',".‘:'.'.'.’“ night (Figure 2). What do you do? Explain the relative g [ — ‘m] - After making and justifying their of the class about their RUSLE factor. Short thought fon fotiticas SER et tamiastion of tha € factor
1 | P e ? MW Netiendl Mavicane Comter Movemot W st 13 mph ST mph W 2100 mph M - | Vomph | . . : . ) = : o 1 1 Y, - . . Y gl 3 .Y > - 1 > .l 1 I
concentration in ppb per year Volcanism characteristics (erupted P T e Watches: Warmings: risks of staying in port or heading to Galveston on g 200 | rpemr—— § predictions, students are given data As students enter classroom, they find the six climate change experiments are Usﬁ-d to consolidate understanding decreases by one third, what would that do to the
. . . Mt e o N v I » - 500000 I 1 1 1 .y . J > S M 1 ) ' %
[Sc\:era] qucs“ons comparing n]ethane with Other grcenhouse gaSeS] products, distance affected) v oy e e — e SChedU|e. ’ 8 Vi '2 on [\I an(l Ll prlceg and pl’()(lLlCthﬂ P(.‘rS()nJhthS written on lh(? b()ﬂrd. T‘hCy enter a ta”} |11ark next of h()\\ th( RUSLE factors interact. -t .rm‘ mm‘?" '“s)‘
o2 during time span of prediction to their own type. Tallies are converted to percentage : o B o I
; . ; A - ‘ 11C . o their own type. Tallies are converted to percentages. ) ;
9. Based on experimental data*, doubling of the current amount of methane in the atmosphere would :;:::2:‘3:;‘::::2:,“ umans - I o c bl and head of th B waitt . - < § 5 I ’ Vi P 5 [time passes]
. - . : > perhaps surprising answer: “ =
result in at least a 0.5°C increase in global average temperature. At the current rate of change, when Vo | 1€ perhaps surpri t':" ln “(; Io as sct>ct): as p055|t N in Ifgtfrt ah eado ! te stormd h y‘\;/amn%,tyou “; o 1000000 % P is “Explain | he d As full class, students compare and contrast class data with As the summative project for the module, students create an evidence-based agricultural fact sheet for
would the atmosphere reach a doubled concentration? How much hotter would Earth be on average at TR L Table 2 Group Activity (In class): When instructed, examine data provided for your | OSINg your ce?rgo IILXAE STOFH. 09 alsopu ecrew.a I'I‘S ’ € nurricane turns and nea svxfes owar S, % 2 rompt is X‘p ain how the data ... ‘n;ti()nﬂ (hh h ;)tl-](-qizi:: 1i);)ut g('wm‘ ..Of dm( rgk,1;(g , I tl it re l' ] \ A” thi o th, f. tA h Att' tA di ucs roo T A'| i 't N
. i . : ) - ; Y » = ' adicti g : al data, hy o : . e Srences. armers oir re ; > s, the fact sheet is SCUSS re al soil eros ate
that time due solely to the doubling of methane in degrees C and F? PS4 f"“‘ A Pate Mid-Atiantic Ridge: icalend | East African RIft: Dabbs Texas, the ship should already be in port and your ship will be unloaded and safe at least a day in advance > ; support or refute your pledlctlons. YP 8 l;{rtrl'L(LlE lntl neir r(dgu;nd ' m()n;,t ()f\(lr |tn;,sh e facts ('(1 is to disc :l S re glom 0il € r(c;e:f)n r1f(
\ . = JSLE}, the predicted impact of climate change on soil erosion rate, and recommendations for
g % A g Boundaries/Summary (Grimsyotn) Volcano, Afar Region . . . i i . S ) . . .. .
el e N of Data Provided Nov 2004 Sept 2005 The scoring guide says that students should use evidence from the data provided, and address the idea S 500000 = agricultural practices that can mitigate soil loss.
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Climate of Change: Interactions and Feedbacks between Water, Air and Ice, Unit 5, Case Study 5.2 Active Plate Margins, Unit 3, by Laurel Goodell, Earthquake Hazards 2 Bjnl’! <1 FU l“ ':J : Pl\’;,”é}"' “' ;( (O”(l)”m s v and Ice, Unit 6, Adapting to a Changing World, by Cindy Shellito, A Growing Concern: Sustaining Soil Resources through Local Decision making, Unit 5/6, by Sarah Fortner,
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