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Student Imperfect Conceptions
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Abstract

LEARNING | | « Student A - The reason the bacteria degrade the molasses

The formation of authentic and accurate student - SYSTEM REPRESENTATION PRODUCTS faster than the oil is because the oil molecule is bigger than
internal (mental, conceptual) models of complex S e il — S —— the bacteria cell (Linking Scales).

Earth SyStemS present Unlq ue Cogn|t|ve * Human : I Intergjiscilina Sstglﬂﬁg::]ssfigdrem B?o;:::hemistry Esetu::"ine ocal (m) W.yzlca dnslove - re:or‘:'s] « StudentB - A reduced environment has aerobic processes
difficulties. Multiple representations, including e I %Qm, problems by asking, Sediments Pk (Content Knowledge).
both digital and physical expressions of Earth and how it works?. local-, reﬁrgngt,' designing/ - Student C — Pyrite exists where oxygen is readily available

BSRICTTIT regional- global- 1 cing - i isualizati i Content Knowledge).

systems, can support students’ abilities to connect ERRRtVely enduring lll. Regulated by experiments, U e Z;j;'::;’:ﬂ:{‘a"_f ‘r’z:)'ff;: ( ge)

ich i & accessible, but positive & gathering and . + Student D — The black material produced in the sediment is
rich internal models and real world phenomena. ==l | B iive analyzing information, Margins  (km) IT (1) bacteria (System Understanding)

i ili representation feedbacks making Land Use & South Spatial  Visualization of Written
Therefore’ in order to faCIIIta_te enhanced student of an_external IV. Spatial mterpretatlons, _ Water Quality Platte, CO variability complex data — reports «  Without allowing students to express their mental models, identification of
mental model development in undergraduate phenomenont. heterogeneity drawing conclusions, (km) IT(2) these ICs would not be possible & the opportunity to meet the students’
. . . B & temporal & reporting findingse. needs would not be available.

geoscience students, multiple representations fics Eutrophication  Texas Temporal Mental model - Presentation
were used as the pedagogical intervention in this Coastal  |vanability 'animation of of computer
work. The manipulation of muItipIe Margins (months) system dynamics  animation

(®Gentner & Stevens, 1983; "Doyle & Ford, 1998; Kraiick et al., 2000).
representations, the development and testing of |

conceptual models based on available evidence,
and exposure to authentic, complex and ill-
constrained problems were the components of the
instructional framework.

Factors Associated with Student
Learning Difficulties

The Implemented Instruction using
Multiple Representations

Data based on rubric evaluations and principal

. @nhanced Student Mental Model Developme@
component analyses suggest students’ ability to

N 5
learn during problem-based learning modules is A € Sophitiay
highly influenced by their cognitive skills and _ - S i S i
content knowledge, where construction of their R S - N e
mental models is directly affected. Sub-clusters of Authentic Science . e
principal component data suggest that students =L
had difficulty with reasoning skills, critical thinking
skills, cognitive load issues, linking large/small ¥ Use of Use of . sttuldlantd | sa 10+ Componerts 1-2=
scale phe_nqmena, and un_derstandlng of the 'Tf‘;g::;tg; 'T\mg’;' ‘gr’]‘sfmct‘i’or?s e 0 05 05 %0 3 ]
characteristics and behaviors of systems. Further, Nent 1 CcomP" " Component 3 =

Content knowledge

multiple misconceptions and the lack of
complexity and completeness in representations
of the studied systems were revealed in student
mental model expressions.

The Conceptual Model -
Coastal Eutrophication

The Physical Model
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