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AN IDEAL STUDY

PreTest Final Grade
o
Regular Math Class
PreTest Final Grade
®
Modeling Approach

Compare final grades. Then we’ll know: (1) The approach works and (2) students are learning,



Strengths Drawbacks

Fair and objective?
Support claimsgp

Other outcomes?
Accepted currency Other benefits?



MODELING IMPACT OF MODELING

Achievable Not achievable

e Evidence of factors * “Prove” the intervention
inﬂueﬂcing “works” or 1s “better”
achievement, success, * Complex system of T&L
learning? with simple causal

e Under what conditions? models



BENEFITS OF
MODELING
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Czocher, Melhuish, & Kandasamy (2019)



Emphasizing analytic techniques contributes to a compartmentalized
understanding of differential equations.

Emphasizing connection between a differential equation, the situation
it models, and its solution, may help to address these ditficulties

A differential equations course taught with an emphasis on
mathematical modeling can positively impact student performance in
differential equations.

in a differential equations course with
an emphasis on modeling principles student
performance in differential equations?



METHODS

Ditt Eq

Textbook
Analysis

Knowledge

Establish
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Independent
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observations

ocher (2017)



EMPIRICALLY ESTABLISH “CLASS” AS A VARIABLE

 Content-driven Context-driven

Procedural or semantic style

Connect properties &
parameters to conditions &
assumptions

. Logico—structural ofr

procedural style
* Establish a general procedure,

demonstrate analytic and
symbolic reasoning strategies
between steps

* “Standard” techniques

* Connect to real-world
principles

* Guess (based on RW
configuration) and check

Dr. Lagrange

Czocher (2017



Source Type | SS

Math GPA 1382.091
Class 324.366

Error 2552.881

Corrected

Total 4359.339

df

47

49

RESULTS

Mean
Square

1382.091 25.445
324.366  5.972

54.317

Partial 12 Observed
: 77 Power
0 0.351 0.999

0.018 0.113 0.668

A 12.4% difference in mean scores, along with a moderate effect size, and the fact that Dr. Lagrange’s
class had a lower mean Math GPA suggests that students at both the lower and higher ends of the
performance spectrum benefit from instruction form a modeling perspective.

Czocher (2017)



RIVAL INTERPRETATIONS AND LIMITATIONS

* Dr. Lagrange’s students needed to memorize fewer techniques and so
had a better chance of solving the problems correctly

* This 1s
* Corroborates: focusing on conceptual connections among mathematical
ideas increase student performance (Kwon et al, 2005; Rasmussen & Kwon, 2007)

° ot instructors to participate
. knowledge tested
. cognitive, social, and cultural mechanisms that

facilitated pedagogical etfects on achievement ditterences
Czocher (2017)



SELE-EFFICACY E =

s T
AT g x

.

Ability to perform the processes
that are involved with the
construction and investigation of
mathematical models

= “problem-

specific assessment of an
individual’s confidence in their

ability to successtully address a

4. Mathematizin

mathematics problem” (Hackett
& Betz, 1989, p. 262).

3

Blomhoj & Jensen (2003)
MaaB (2006 )




METHODS

* Administer self-efficacy surveys targeting modelling

competencies before and after the SCUDEM challenge (Bandura,
2006)

* April 2018: 93 complete pre/post sets completed
* item-wise analysis via paired samples t-test, @ = .05

* follow up using HLLM techniques, with participant at Level 1 and site at Level 2

(Pre) Survey (Post) Survey

SCUDEM
Czocher, Melhuish, Kandasamy (2019)
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Blue = Present in SCUDEM

Research Experience Community Involvement Mentoring

Emotional support from
Collaborating with peers Collaborating with peers instructor
Team work Faculty mentorship Academic support from peers
Opportunities to apply and Encouragement from instructor
extend lessons from class Career planning to discuss their work
Earn recognition from the
professional community Authentic problems Requirement to explain thinking
Social networking Active involvement encouraged

Faculty mentorship

Guidance for graduate studies

Czocher, Melhuish, Kandasamy (2019)



Designers Researchers

MOdClﬂg CXperience ¢ Self—efﬁcacy (Czocher, Melhuish, & Kandesamy,
y : 2019)

Modeling proficiency * Teamwork, engagement in authentic

Confidence mathematics, prestige, petsistence in

STEM (Kenderov, 2006; Thrasher, 2008).
* Leadership skills

* Hands-on learning

Appreciation of modeling
Academic recognition

Teamwork e Interest and motivation (Wankat, 2005; Gadola
Communication skills & Chindamo, 2019)

Resume development
Protessional networking

Roan & Czocher (2020)



EXPECTATIONS (N=199) AND LEARNED (N=62)

Experience in modeling

Gain confidence in modeling
Appreciation of modeling
Gain recognition

Teamwork skills
Communication skills

Proficiency in modeling
Networking

Increase interest in mathematics

Pre
34.2%

3.5%
12.1%
0.5%
9.6%
9.56%

29.7%
5.0%

0%

Post
14.5%

3.2%
16.1%
0%
16.1%
4.8%

35.5%
0%

0%

Pre

Increase motivation for math 1.0%

Self-Study skills

Practice solving DEs
Practice problem-solving

Practice critical thinking
Career building

Leadership skills

Extracurricular math

experience

10.1%

8.5%

6.5%

3.0%
6.0%

0%

1.0%

Post

0%

9.7%

11.3%

8.1%

4.8%
4.8%

0%

1.6%

Roan & Czocher (2020)



MODELING COMPETENCIES

1. Identifying

Feasibility

. 2. Estimating

Difficulty

Discrimination ek
: "r‘ -' .‘- '- ~ bk e
6\ thﬁmg R 1) blmphtymg
Reliability & — _—

Vﬁhdlty 4.Mathematizing

Czocher + proper subsets of: Dimensionality
Melhuish, Kandasamy, Roan, Sigley

* in press, 2021, 2020, 2019



WHAT WE LEARNED

* Student expectations: top 4 responses to “what you learned” question were
proficiency, experience, appreciation, and teamwork.

* SCUDEM meets the top three most common expectations and also gives
the students the chance to build soft skills (e.g., teamwork). (2019)

* Participants would recommend to a friend because: learning experiences,
having fun, seeing real-world applications (2019)

* Positive association between modeling self-efficacy and modeling
competency 1s statistically significant. (2018, 2019, 2020)

e Both are vital for student success!



WHAT ELSE?

* Revision of models 1s an

3 So: How do we operationalize success and what goes into

the model?

* why tICy e T - SESEEEIITA U] How does a student [ Do her changes meet
suggestions change her model over the purpose of those
time? changes?




QUESTIONS, COMMENTS, COMPLAINTS?

#1750813

TEXAS Sk STATE
UNIVERSITY

The rising STAR of Texas

Jennifer A. Czocher
Czocher.1(@txstate.edu



mailto:Czocher.1@txstate.edu

FURTHER READING (MY WORK)

Czocher, J. A., Melhuish, K., Kandasamy, S., & Roan, E. (in press). Dual Measures of Mathematical Modeling for Engineering and other STEM Undergraduates. International Journal of
Research in Undergraduate Mathematics Education.

Stillman, G., Brown, J., & Czocher, J. A. (2020) Yes, mathematicans do X so students should do X, but it’s not the X you think! ZDM, 52(6), 1211-1222.

Czocher, J. A., Moss, D. L., and Maldonado, L (2020). Revitalizing and reconceptualizing conventional word problems. Mathematics Teacher. Czocher, J. A., Melhuish, K., and Kandasamy, S
(2019). Self-efficacy gains in mathematical modeling through competition. International Journal of Mathematics Education in Science and Technology.

Czocher, J. A, Tague, J. K., and Baker, G. (2018). Echoes of the Instructor’s Reasoning: Modeling Exemplars at Home. PRIMUS.

Czocher, J. A. (2018). How does validating activity contribute to the modeling process? Educational Studies in Mathematics, 99(2), 137 — 159.

Moss, D. L., Czocher, J. A., and Lamburg, T (2018). Frustrations with Understanding Variables is Natural. Mathematics Teaching in the Middle School, 112(1), 10— 17.
Czocher, J. A. and Moss, D. L (2017). Are students’ prior experiences important? Mathematics Teacher, 111(9), 664-660.

Czocher, J. A. and Moss, D. L (2017). Ancient paradoxes can extend mathematical thinking. Mathematics Teaching in the Middle School, 22(7), 438-442.

Czocher, J. A. (2017). How can emphasizing mathematical modeling principles benefit students in a traditionally taught differential equations course? The Journal of Mathematical Behavior 45,
1-17.

Czocher, J. A. (2017). Mathematical modeling cycles as a task design heuristic. The Mathematics Enthusiast, 14(1-3), 129-144.
Czocher, J. A. (2016). Introducing modeling transition diagrams as a tool to connect mathematical modeling to mathematical thinking. Mathematical Thinking and Learning, 18(2), 77 — 106.

Tague, J. and Czocher, J. A. (2016). A theoretical approach to ensuring instructional and curricular coherence in the flipped classroom model of a differential equations course. /nternational
Journal of Research in Undergraduate Mathematics Education, 2. 223 — 245.

Czocher, J. A., Tague, J., and Baker, G. (2013). Where does the calculus go? An investigation of how calculus ideas are used in later coursework. The International Journal of Mathematical
Education in Science and Technology, 44(5). 673 — 684.

Czocher, J. A. & Hardison, H. (in press) Quantitative reasoning as a basis for mathematical modeling. In Mathematical Modelling Education in East and West (Eds. Frederick Leung, Gloria Ann
Stillman, Gabriele Kaiser, Ka Lok Wong)..

Czocher, J. A. Precision, priorities, and proxies in mathematical modeling (2019). Lines of Inquiry in Mathematical Modelling Research in Education (Eds. Gloria Stillman and Jill Brown). New
York: Springer.



FURTHER READING

International Community of Teachers of Mathematical Modelling and Applications (ICTMA)
Springer Book Series: https://link.springer.com/bookseries/10093

Betz, N. E., & Hackett, G. (1983). The relationship of mathematics self-efficacy expectations to the selection of
science-based college majors. Journal of 1 ocational Behavior, 23, 329—-345.

Blum, W, & Leif3, D. (2007). How do students and teachers deal with modelling problems. In C. Haines, P. Galbraith,
W. Blum, & S. Khan (Eds.), Mathematical modeling: Education, engineering, and economies (pp. 222—231). Chichester: Horwood.

Borromeo Ferri, R. (2017). Pre-service Teachers’ Levels of Reflectivity After Mathematical Modelling Activities with
High School Students. In G. A. Stillman, W. Blum, & G. Kaiser (Eds.), Mathematical Modelling and Applications: International
Perspectives on the teaching and 1 earning of Mathematical Modelling (pp. 201-210). Springer International Publishing AG.

Business-Higher Education Forum. (2010). Increasing the Number of STEM Graduates: Insights from the U.S. STEM
Education & Modeling Project, 1-14.

Cabassut, R., & Ferrando, I. (2017). Ditficulties in Teaching Modelling: A French-Spanish Exploration. In G. A.
Stillman, W. Blum, & G. Kaiser (Eds.), Mathematical Modelling and Applications: International Perspectives on the teaching and
Learning of Mathematical Modelling (pp. 223—232). Springer International Publishing AG.

Chouinard, R., Karsenti, T., & Roy, N. (2007). Relations among competence beliefs, utility value, achievement goals, and
effort in mathematics. The British Journal of Educational Psychology, 77(Pt 3), 501-517.
https://doi.org/10.1348 /000709906X 133589


https://link.springer.com/bookseries/10093

FURTHER READING

Blomhoi, M., & Jensen, T H, (2003), Developine mathematical

Kehle, P E.. & Jester. FE I (2003), A semiotic look at modeline

modelling competence: Conceptual clarification and educational

planning. Teaching Mathematics and Its Applications, 22(3), 123—140.

Blum, W., & Leil3, D. (2007). How do students and teachers deal with
modelling problems. In C. Haines, P. Galbraith, W. Blum, & S. Khan

(Eds.), Mathematical modeling: Education, engineering, and economics (pp. 222—
231). Chichester: Horwood.

Carlson, M., Jacobs, S., Coe, E., Larsen, S., & Hsu, E. (2002). Applying
Covariational Reasoning While Modeling Dynamic Events: A
Framework and a Study. Journal for Research in Mathematics Education, 33(5),
352-5F8.

Czocher, J. A. (2018). How does validating activity contribute to the
modeling process? Educational Studies in Mathematics, 99(3), .

Greca, I. M., & Moreira, M. A. (2001). Mental, physical and mathematical
models in the teaching and learning of physics (G. J. Kelly & R. E. Mayer, eds.).

Kaiser, G. (2017). The teaching and learning of mathematical modeling.
In J. Cai (Ed.), Compendinm for Research in Mathematics Education (pp. 267—
291).

behavior. In R. Lesh & H. M. Doerr (Eds.), Beyond constructivism: Models
and modeling perspectives on mathematics problem solving, learning, and teaching

(pp. 97-122). Mahwah, NJ: Routledge.

Lesh, R., & Doerr, H. M. (2003). Foundations of a models and
modeling perspective on mathematics teaching, learning and problem
solving. In R. Lesh & H. M. Doerr (Eds.), Beyond constructivisn: Models and

modeling perspectives on mathematics problem solving, learning, and teaching (pp.
3-33). Mahwah, NJ: Routledge.

Sherin, B. L. (2001). How Students Understand Physics Equations.
Cognition and Instruction, 19(4), 479-541.

Stender, P, & Kaiser, G. (2015). Scaffolding in complex modelling
situations. ZDM - Mathematics Education, 47(7), 1255-1267.

The Networking Theories Group. (2014). Networking of Theories as a
Research Practice in Mathematics Education. In Nemworking of Theories as
a Research Practice in Mathematics Edncation.

Thompson, P. W. (2011). Quantitative Reasoning and Mathematical
Modeling; In L. L. Hatfield, S. Chamberlain, & S. Belbase (Eds.), New
pesrpectives and directions for collaborative research in mathematics education (Nol.

1, pp. 33-57). Laramie, WY: University of Wyoming,



FURTHER READING

Ellis, J., Fosdick, B. K., & Rasmussen, C. (2016). Women 1.5 times more likely to leave STEM pipeline after calculus
compared to men: Lack of mathematical confidence a potential culprit. PLLOS ONE, 771(7).

Freudenthal, H. (1968). Why to teach mathematics so as to be useful. Educational Studies in Mathematics, 1(1-2), 3-8.

Kaiser, G. (2017). The teaching and learning of mathematical modeling. In J. Cai (Ed.), Compendium for
Research in Mathematics Education (pp. 267-291).

Lavermann, F, Tsai, Y. M., & Eccles, J. S. (2017). Math-related career aspirations and choices within Eccles et al’s
expectancy-value theory of achievement-related behaviors. Developmental Psychology, 53(8), 1540—1559.

Manouchehri, A., & Lewis, S. T. (2017). Reconciling Intuitions and Conventional Knowledge: The Challenge of
Teaching and Learning Mathematical Modeling. In G. A. Stillman, W. Blum, & G. Kaiser (Eds.), Mathematical Modelling
and Applications: International Perspectives on the teaching and 1earning of Mathematical Modelling (pp. 107-116). Cham:
Springer.



FURTHER READING

National Governors Association Center for Best Practices and Council of Chief State School Officers.
(2010). Common core state standards for mathematics. Washington, DC: National Governors Association Center
for Best Practices, Council of Chief State School Officers.

Pollak, H. O. (1979). The interaction between mathematics and other school subjects. In New Trends in
Mathematics Teaching (Vol. 1V, pp. 232—248). Paris: UNESCO.

Pollak, H. O. (2015). The Place of Mathematical Modelling in the System of Mathematics Education:
Perspective and Prospect. In G. A. Stillman, W. Blum, & M. S. Biembengut (Eds.), Mathematical Modelling in
Eduncation Research and Practice (pp. 265—274). Cham: Springer International Publishing Switzerland.

Schukajlow, S., Kaiser, G., & Stillman, G. (2018). Empirical research on teaching and learning of
mathematical modelling: a survey on the current state-of-the-art. Zdm, 50(1), 5-18.

Schukajlow, S., Kolter, J., & Blum, W. (2015). Scaffolding mathematical modelling with a solution plan.
ZDM, 47(7), 1241-1254.

Sokolowski, A. (2015). The Effects of Mathematical Modelling on Students > Achievement-Meta-Analysis
ot Research. LAFOR Journal of Education, 3(1), 93—115.

Sokolowski, A., Li, Y., & Willson, V. (2015). The effects of using exploratory computerized environments
in grades 1 to 8 mathematics: a meta-analysis of research. International Journal of STEM Education, 2(1), 8



FURTHER READING

Stillman, G. A. (2000). Impact of prior knowledge of task context on approaches to applications tasks. The
Journal of Mathematical Bebhavior, 19(3), 333—3061.

Stillman, G. A., & Blum, W. (2013). Teaching Mathematical Modelling: Connecting to Research and Practice. (G. A.
Stillman, G. Kaiser, W. Blum, & J. P. Brown, Eds.). Dordrecht: Springer Netherlands.

van de Pol, J., Volman, M., & Beishuizen, J. (2010). Scaffolding in teacher-student interaction: A decade of
research. Educational Psychology Review, 22(3), 271-296.

van de Pol, J., Volman, M., Oort, F.; & Beishuizen, J. (2015). The effects of scaffolding in the classroom:
support contingency and student independent working time in relation to student achievement, task effort
and appreciation of support. [nstructional Science, 43(5), 615—641.

Wigner, E. (1960). The Unreasonable Effectiveness of Mathematics in the Natural Sciences.
Interdisciplinary Science Reviews, 36(3), 209—-213.

Zbiek, R. M., & Conner, A. (20006). Beyond motivation: Exploring mathematical modeling as a context for

deepening students’ understandings of curricular mathematics. Educational Studies in Mathematics, 63(1), 89—
112



	What can we learn about students that grades won't teach us?
	An Ideal Study
	Slide Number 3
	Modeling Impact of Modeling
	Benefits of Modeling
	Slide Number 6
	Methods
	Empirically Establish “Class” as a Variable
	Results
	Rival Interpretations and Limitations
	Affect and Self-Efficacy
	Methods
	Empirical Results 
	Theoretical: Mechanisms for Success
	Benefits
	Expectations (N=199) and Learned (N=62)
	Modeling Competencies
	What We Learned
	What Else?
	Questions, comments, complaints?
	Further Reading (my work)
	Further Reading
	Further Reading
	Further Reading
	Further Reading
	Further Reading

