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ASSESSMENT NOTES FROM THE FIELD

Assessment of Mathematical Modeling

Ronny Kwan Eu Leong

Universiti Malaya, Kuala Lumpur, Malaysia

Modeling is now being given prominence as one of the six high school subject areas in the Standards for Mathematical
Content in the Common Core State Standards for Mathematics (CCSSM). The CCSSM document suggests that
mathematical modeling should not be taught as an isolated topic but instead should be employed along with other topics.
The essence of a modeling problem is constructing a mathematical model for the situation at hand. Assessing
mathematical modeling is a new field that requires more study. Developing more tools and ideas to assess modeling tasks
is essential and beneficial for mathematics teachers. Rubrics that assess the modeling process are a good beginning in
finding suitable methods of assessing mathematical modeling. This article provides two methods for assessing modeling
tasks. The first is a scoring rubric that is based on the process of CCSSM’s modeling cycle while the second instrument

intends to assess the affective domain of mathematical modeling.

Keywords: assessment, mathematical modeling, rubrics, CCSSM, modeling tasks.

Introduction

Mathematical problem solving and mathematical
modeling have come a long way since Polya’s 1945
description of the problem solving heuristics in How fo
Solve It. Problem solving in mathematics and modeling in
mathematics are two related but different areas within
mathematics education.

Mathematics educators around the world have placed
problem solving as the focus of mathematics curricula for
some time, especially since the 1980s. In the United States,
the National Council of Teachers of Mathematics (NCTM)
produced the Curriculum and Evaluation Standards for
School Mathematics Evaluation Standards (1989) and
problem solving was one of the main process standards.
The push for problem solving became even stronger in
2000 with the document Principles and Standards in
School Mathematics that asserted that “problem solving
should be the central focus of the mathematics curriculum”
(NCTM, 2000, p. 52).

Where does mathematical modeling fit in? Modeling
was highlighted in the Curriculum and Evaluation
Standards for School Mathematics (NCTM, 1989).
Educational organizations such as the Consortium for
Mathematics and Its Applications (COMAP), the
University of Chicago School Mathematics Project
(UCSMP), and the Systemic Initiative for Montana
Mathematics and Science (SIMMS) have produced
educational books and lessons on mathematical modeling
(Hodgson, 1995). Recently, the strongest support for
modeling was the development of the national standards
for K—12 mathematics known as the Common Core State
Standards for Mathematics (CCSSM) in 2010. Modeling is
now being given prominence as one of the six high school
subject areas in the Standards for Mathematical Content in
the CCSSM. Furthermore, modeling with mathematics is

also included as one of the Standards for Mathematical
Practice which “describe varieties of expertise that
mathematics educators at all levels should seek to develop
in their students” (NGACBP & CCSSO, 2010, p. 6).

If mathematical modeling is so prominent in curricula,
why isn’t it implemented in the mathematics classroom
more often? One reason is that mathematical modeling is a
challenging task that requires various competencies,
including problem solving. There might be general steps in
solving a modeling problem but no direct algorithm.
Mathematical modeling requires real-world knowledge from
domains that may not be as familiar to students and teachers,
making solutions less predictable and linear (Burkhardt,
2004; DeLange, 1987; Ikeda, 2007; Pollak, 1979).
Furthermore, modeling tasks are not like the typical “word
problems” we have in textbooks. Though they are useful,
word problems often only serve as an exercise (Blum,
2011).

Another challenge mathematics teachers face is
modeling assessment. Anecdotal evidence indicates that
most of the time, mathematics lessons focus on a single,
final product: the correct solution. Problem solving tasks,
for instance, should result in an easy-to-describe solution.
Mathematical modeling, however, does not always yield a
simple, precise answer, or, the correct solution. Because of
this, the question among many mathematics educators is
“how do we assess mathematical modeling and, in
particular, the mathematical modeling process?” Little has
been written on the assessment of mathematical modeling
and the purpose of this article is to provide some ideas on
its assessment.
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Assessing Competency in T
Mathematical Modeling

PISA studies (OECD, 2005, 2007) have
indicated that students struggle and have
difficulty with modeling tasks around the world.
Based on previous studies, mathematical
modeling competency is defined as “the ability to
identify relevant questions, variables, relations or
assumptions in a given real-world situation, to
translate these into mathematics and to interpret
and validate the solution of the resulting
mathematical problem in relation to the given
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situation” (Blum, Galbraith, Henn, & Niss, 2007,
p. 12).

Blum (2011) discusses examples of students’
difficulties in modeling tasks based on the six
steps of the modeling cycle in the DISUM
studies. He asserted that “it is a particularly challenging
open research question to establish a theoretically and
empirically based competence model for mathematics
modeling” (p.21). PISA began by defining the six
proficiency levels in mathematics for assessing the
mathematical literacy of students in various countries. The
assessment also included modeling as one of the eight
characteristic = mathematical  competencies  besides
mathematical argumentation, mathematical thinking and
reasoning, problem posing and solving, representation,
communication, symbol and formalism, and aids and tools
that are relevant and meaningful across all educational
sectors (OECD, 2005). In Germany, the modeling
proficiencies are listed in five levels, namely, applying
simple standard models, direct modeling from familiar
contexts, few-step modeling, multi-step modeling, and
complex modeling (Blum, 2011).

The Mathematical Modeling Process

The essence of a modeling problem is constructing a
mathematical model of a real-world situation at hand,
understanding it mathematically, then interpreting those
results in the context of the original situation. This might
not be as simple as a typical problem solving task.
Furthermore, problems in a real-world context require
adequate mathematical and extra-mathematical knowledge.
With an explicit modeling process, students are able to
understand the process and develop strategies while
attempting to solve the problem.

Description of the DISUM Modeling Cycle

As Blum and Leiss (2008) state, the purpose of the
Didaktische Interventionsformen fiir einen
selbstindigkeitsorientierten Unterricht in Mathematik
(“didactical intervention modes for mathematics teaching
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Figure 1. DISUM model of the modeling process (Blum, 2011)

oriented towards self-regulation”) project (DISUM) is to
“[i]lnvestigate how students and teachers deal with
cognitively demanding modeling tasks and [determine]
what effects various learning environments for modeling
have on students’ competency development” (p. 17). The
essential features of DISUM’s description of the modeling
process are shown in Figure 1.

Description of the CCSSM Modeling Cycle

In the CCSSM, a model can be something simple to
describe a product or relationship between variables. The
modeling cycle begins with

(1) identifying variables in the situation and
selecting those that represent essential features,
(2) formulating a model by creating and selecting
geometric, graphical, tabular, algebraic, or statistical
representations  that  describe  relationships
between the variables, (3) analyzing and
performing operations of these relationships to
draw conclusions, (4) interpreting the results of
the mathematics in terms of the original solution,
(5) validating the conclusion by comparing them
with the situation, and then either improving the
model or, if is acceptable, (6) reporting on the
conclusions and the reasoning behind them.
Choices, assumptions and approximations are
present throughout this cycle (NGACBP &
CCSSO, 2010, p. 72; see Figure 2).

How to Assess Mathematical Modeling Tasks

Assessment in mathematics education generally refers
to the “judging of the mathematical -capability,
performance and achievement of students” (Niss, 1992,
p- 3). Given the complexity of a mathematical modeling
task, however, how does one assess it?



ASSESSMENT NOTES FROM THE FIELD

Problem

Validate Report

Figure 2. Basic modeling cycle from CCSSM (NGACBP & CCSSO, 2010, p. 72)

Several studies on assessing mathematical modeling
have focused on developing scales that assess the model
creation process, assessing specific mathematical ideas
used in a model, and developing a consistent instrument
for different problems (Keck, 1996). Often, educators
focus on the products of the modeling process, but this is
not sufficient, as the process of mathematical modeling is
also very important. For a modeling task, the process can
be broken down into two parts, first the general idea
followed by the specific ones.

Two suggestions for assessing modeling tasks are
presented here. The first is a scoring rubric that is based on
the process of CCSSM’s modeling cycle. The second
instrument intends to assess the affective domain of
mathematical modeling.

A Scoring Rubric Using CCSSM’s Modeling Cycle

To address students’ competency in the process of
mathematical modeling, the author suggests a rubric to
assess the modeling tasks. The suggested outline of the
rubric informs the educator of the importance of looking
for the steps while solving the modeling tasks. Assessing
the steps of the process of solving the modeling task
provides a picture of how students think to solve it. Even
though the final solution is not achieved in a high
percentage of “correct” answers—if such a thing exists for
the given problem—as is usual in typical examinations,
nonetheless this rubric might provide some new insight of
the process of solving modeling tasks.

The rubric (Table 1. Modeling Cycle Scoring Rubric)
was developed after considering the important checklist
that is required in each process of the CCSSM modeling
cycle. Certain checklist items were adapted from Keck’s
(1987) scoring scale of mathematical modeling projects.
For each process, a 5-point rating score is used. The
possible rating score is from 0 to 4 and assigned as
follows.

0: Not done
1: Below acceptable
2: Average

3: Good
4: Excellent

Each process is weighted and based on the importance of
the process assessed in the modeling cycle. Each item
within every process is given 0—4 points. For example, in
the “Identifying Variables” section, the greatest possible
score is 12 points since each of the three items gets a 0 to 4
score with a weight of 1. The author suggests that heavier
weights should be given for formulating a model and
interpreting the results since these are extremely important
steps in the modeling process.

Assessing the Affective Domain
of Mathematical Modeling

A novel method educators can use to assess the
modeling process is assessing the student’s appreciation of
the subject. This assessment is very different from the
usual test items found on state examinations or the
standardized tests and it needs to be investigated and
developed further. It is adapted from the field of art
appreciation. When we look at the field, it is not so much
about the final product but how we admire and appreciate
the art work. This can be applied in the modeling process.
The following are some of the questions researchers
should ask regarding appreciation of mathematical
modeling. These questions were adapted from Faulkner’s
(1939) work on art appreciation.

e  What is mathematical modeling appreciation?

e What are the specific objectives of mathematical
modeling tasks in terms of student behavior?

e How can various stages of the development of
mathematical modeling appreciation be measured or
observed?

e How can mathematical modeling appreciation be
integrated with other subjects?

In assessing modeling tasks, an affective test similar
to the Fenema-Sherman (1976) Mathematics Attitude
Scale can be created to measure attitudes towards
mathematical modeling. One simple method is to give 12
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items on mathematical modeling appreciation
using the S-point Likert scale (1932) after
students complete modeling tasks. This can be a
simple way of assessing students’ attitudes on
the modeling problem. The instrument for
testing mathematical modeling attitudes can be
divided into four domains such as Enjoyment,
Self-Confidence, Value, and Motivation (Tapia,
2004; see Table 2. Affective Test Domains and
Items). Each domain contains several items and
students can rate the items with a 5-point Likert
scale from Strongly Agree to Strongly Disagree.
A potential flaw in assessing students with
an attitude test is that they may just indicate all
positive answers to appease the teacher. Thus, it
might not be the true reflection of what the
student thinks about mathematical modeling.
Giving this attitude test after each modeling task
has been solved might help overcome this
problem of appeasing teachers. The attitude test
can be developed further as an alternative
assessment for mathematical modeling.

Conclusion

Assessing mathematical modeling is a new
field that requires more study with the
implementation of CCSSM. Developing more
tools and ideas to assess modeling tasks is
essential and Dbeneficial for mathematics
teachers. Rubrics that assess the modeling

Table 1. Modeling Cycle Scoring Rubric

Process Score Weight

Total

Identifying Variables 1
1. States the variables in the model

2. States problem clearly
3. States important features

Formulating a Model 3
1. Creates a model

2. Clearly states all assumptions
3. Describes relationships between variables

Mathematical Operations 2
1. Correct use of mathematics
2. Analyzes relationships between variables
3. Performs operations on the variables and
relationships

Interpreting the Results 3

1. Reaches solution
2. Interprets solution
3. Evaluates model and solution

Validating the Conclusion 2
1. Revises the model based on the problem

2. Interprets solution based on the revised
model

3. Improves the model

Reporting on Conclusions 1

1. Summarizes the results
2. Reasons about assumptions

process constitute a good beginning in finding
appropriate methods of assessing mathematical
modeling. In addition, attitude tests that describe
a student’s appreciation of mathematical modeling are also
suggested. It is hoped that these ideas can be tested and
developed further.

References

Ang, K.C. (2009). Mathematical modeling and real life
problem solving. In B. Kaur, Y. B. Har, & M. Kapur
(Eds.), Mathematical problem solving: Yearbook
2009, 159-182. Singapore: World Scientific.

Blum, W., Galbraith, P.L., Henn, H.-W. & Niss, M.
(2007). Modelling and applications in mathematics
education: The 14th ICMI study. New York: Springer.

Blum, W. & Leiss, D. (2008). Investigating quality
mathematics teaching-The DISUM project. In C.
Bergstein et al. (Eds.), Mathematics modeling:
Education, engineering and economics (222-231).
Chichester: Horwood.

64

Blum, W. (2011). Can modeling be taught and learnt? In
G. Kaiser et al. (Eds). Trends in teaching and learning
of mathematical modeling, international perspectives
on the teaching and learning of mathematical
modeling (15-30). New York: Springer.

Burkhardt, H. (2004). Establishing modeling in the
curriculum: Barriers and levers. In H. W. Henn & W.
Blum (Eds.), ICMI Study 14: Applications and
modeling in mathematics education pre-conference
volume (53-58). Dortmund: University of Dortmund.

Delange, J. (1987). Mathematics, insight and meaning.
Utrecht: CD-Press.

Faulkner, R. (1939). Research in art appreciation. Journal
of educational research, 33(1), 36-43.

Fennema, E. & Sherman, J. A. (1976). Fennema-Sherman
mathematics attitudes scales: Instruments designed to
measure attitudes toward the learning of mathematics
by males and females. Catalog of selected documents
in psychology, 6(1), 31.



ASSESSMENT NOTES FROM THE FIELD

Table 2. Affective Test Domains and Items

Domain Items

Enjoyment e [ enjoy solving modeling tasks.

e [ can see how mathematics works with modeling tasks.

e Modeling tasks are difficult and boring.

Self-Confidence e Studying mathematical modeling makes me feel nervous.

e [ am always under a terrible stress in a mathematics modeling lesson.

e [ am able to solve modeling tasks without too much difficulty.

Value e Mathematical modeling problems are real-world problems.

e Mathematical modeling is one of the most important subjects for people to study.

e Mathematical modeling courses would be very helpful no matter what I decide to study.

e [ appreciate mathematics more after solving the modeling tasks.

Motivation e [ applied my mathematical knowledge in modeling problems.

e [ can see how mathematics is used in solving real-world problems.

e [ am willing to take more mathematics courses than required.

Fennema, E. (1989). The study of affect and mathematics:
A proposed generic model for research. In D. B.
McLeod & V. M. Adams (Eds.), Affect and
mathematical problem solving: A new perspective
(205-219). New York: Springer-Verlag.

Hodgson, T. (1995). Secondary mathematics modeling:
Issues and challenges. School science and
mathematics, 95(7 ), p. 351.

Ikeda, T. (2007). Possibilities for, and obstacles to,
teaching applications and modelling in the lower
secondary levels. In W. Blum et al.(eds.), Modeling
and applications in mathematics educaiton (pp. 457—
462). New York: Springer.

Keck, H. L. (1996). The Development of an analytic
scoring scale to assess mathematical modeling
projects. (Doctoral dissertation). University of
Montana.

Likert, R. (1932). A technique for the measurement of
attitudes. Archives of psychology, 140, 1-55.

National Council of Teachers of Mathematics [NCTM].
(1989). Curriculum and evaluation standards for
school mathematics. Reston, VA: NCTM.

National Council of Teachers of Mathematics [NCTM].
(2000).  Principles and standards for school
mathematics. Reston, VA: NCTM.

National Governors Association Center for Best Practices
& Council of Chief State School Officers [NGACBP
& CCSSO0]. (2010). Common core state standards for
mathematics. Washington, DC: NGACBP & CCSSO.

Niss, M. (Ed.). (1993a) Investigations into assessment in
mathematics education—An ICMI study. Dordrecht,
The Netherlands: Kluwer Academic Publishers.

Niss, M. (Ed.). (1993b) Cases of assessment in
mathematics education—An ICMI Study. Dordrecht,
The Netherlands: Kluwer Academic Publishers.

Niss, M. (1994). Mathematics and society. In R. Biehler et
al. (Eds.), 367-387.

Niss, M. (1996). Goals of mathematics teaching. in A.
Bishop et al. (Eds.) Chapter 1, 11-47.

OECD. (2005). PISA 2003 technical report. Paris: OECD.

OECD. (2007). PISA 2006—Science competencies for
tomorrow’s world (Vols. 1 & 2). Paris: OECD.

Pollak, H.O. (1979). The interaction between mathematics
and other school subjects. In UNESCO (Ed). New
trends in mathematics teaching (Vol. IV) (232-248).
UNESCO: Paris.

Polya, G. (1945). How to solve it: A new aspect of
mathematical method. Princeton, NJ: Princeton
University Press.

Schoenfeld, A. (1985). Mathematical problem solving.
Orlando, FL: Academic Press.

Tapia, M. & Marsh, G.E. (2004). An instrument to measure
mathematics attitudes. Retrieved from http:/www.
rapidintellect.com/AEQweb/cho253441.htm

Toh, T. L., Quek, K.S., & Leong, Y.H. (2010). Assessing
problem solving in the mathematics curriculum: A
new approach. In K.Y.Wong & B. Kaur (Eds.),
Assessment in the mathematics classroom: Yearbook
2011,. Association of Mathematics Educators (33—66).
Singapore: World Scientific.

Wilson, P. S., Fernandex, L. M., & Hadaway, N. (1993).
Mathematical problem solving. Retrieved from
http://jwilson.coe.uga.edu/emt725/PSsyn/Pssyn.html

65



