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Sixty-four EC-6 teacher candidates were asked to elaborate on the method they used
when interrupting seven mathematical pictorial models. The instrument used was re-
search designed but modeled after a 4th grade released state tests. This study was con-
ducted in the southern part of the United States. A panel of experts worked with the re-
searcher to determine the most appropriate initial approach to interrupting the mathemat-
ical pictorial model. The pictorial models examined such concepts as measurement, place
value and time. Since the questions were on a 4th grade level, it was expected that the
teacher candidates would score 100%, however, this was not the case. The resulits will be
given in the paper as each question is discussed. The results of the survey are being used
to develop teaching modules for teacher candidates in mathematics methodology classes.

Keywords. teacher education, instruction of mathematics and interpretation of mathemat-
ical models

MESC Classification: B50; C70; D40

MSC2010 Classification: 97C70

INTRODUCTION

A trend exists for the government mandated mathematics tests in the United States of
America to contain many situational problems accompanied with sketches or pictorial
representation which provide additional information. The successful student will be one
who is able to interpret the situational problem or text and evaluate the pictorial represen-
tation or sketch accompanying the text for additional information. The pictorial represen-
tation or sketch may require the learner to metacognitively process the sketches or
pictorial representation in a variety of ways that contradicts how one reads informational
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or narrative text. Some sketches or pictorial representations may require the student to
begin on the right and read to the left such as when a given place value problem while
others require the student to even read around and around to determine the elapsed time
problem when clock faces are provided such as the problem in number four. In order to
effectively teach elementary mathematics, teacher candidates must develop and be fluent
in mathematics content skills (Locangeli & Cornoldi 1997; Franke, Carpenter, Fennema,
Answlll & Behrend, 1998).

This study was developed to examine the methods the Early Childhood — 6th grade
teacher candidates utilize when attempting to interpret sketches or pictorial representa-
tions which often accompany the situational problems. Many teacher candidates do not
see themselves as actively engaging in the creation of mathematical knowledge. Rather,
they view a mathematics teacher as someone who merely delivers facts, procedures and
mathematical formulas that should be memorized (Seaman, Nolan, & Corbin-Dwyer,
2001; Corbin-Dwyer & Patterson, 2001). Many teacher candidates maintain this tradi-
tional belief about the teaching and learning of mathematics (O’Laughlin, 1990; Wilson,
1990). Unfortunately, interrupting the sketches and pictorial representations cannot be
memorized or viewed as a lower level thinking skill; it requires the teacher candidate to
be able to apply knowledge. Thus it is very important the teacher candidate has a good to
strong background in the mathematical content he/she is responsible for teaching. The
teacher candidate must be able to answer correctly when student question “why do we do
it this way?” The teacher must have enough knowledge of mathematics to not use little
tricks which only work in a few cases. He/she must be able to present and teach concepts
correctly as to not to present problems when a concept generalizations is needed.

Mathematics methods courses can have an influence on the perceptions of teacher
candidates and the pedagogical practices they employ in the classroom (Ball, 1990;
Simon & Schifter, 1991; Wilcox, Schram, Lappan, & Lanier, 1991). How a teacher
candidate views his’her mathematics knowledge, understands the metacognitive nature of
mathematics, and has confidence in the content area of mathematics will impact the
pedagogical practices employed in the classroom as well as the content knowledge which
is made available for the learner. One factor which greatly contributes to the pedagogical
practices employed in the classroom is the teacher’s personal experience which influences
how mathematics teaching and learning is viewed (Brown and Borko, 1992; Ebby, 2000;
Giroux, 1982; Lortie, 1975). With such personal experiences contributing to weak
mathematical knowledge and narrow views of mathematical pedagogy, it is no wonder
many teacher candidates see mathematics teaching as the telling and gathering of infor-
mation (Ball, 1991; Borchetta & Dunn, 2010; Brown, Cooney, & Jones, 1990; Even,
1993; Frykholm, 1996; Thompson, 1992).

Much of mathematics prior to about 1980 was taught by the memorization method and
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as a result, teachers in general do not know how to read sketches or pictorial representa-
tions. However, much as changed. The teacher of today is expected to teach for under-
standing of concept. These methods of yester year are not appropriate for the twenty-first
century. This study was part of several which were developed to provide background
information for teaching modules for the teacher candidates in mathematics concepts
where appropriate.

METHODS

Setting

The teacher candidates participating in this study were all admitted into the Teacher
Education Program at a university in South Texas in the United States of America. Sixty-
four teacher candidates who were enrolled in a mathematics methodology class partici-
pated in the study.

The Participants
Teacher candidates participating in this ® 68% Aged 20-29
study ages ranged from twenty to sixty *21% Aged 30-39
years of age. ® 9% Aged 50-59
® 2% aged 60 or above
The ethnicity of the teacher candidate o Caucasian — 67%
¢ Hispanic — 24%
o African American — 6%
e Asian — 2%
e Other — 1%
Instruments

The researcher found by doing an internet search a number of states in USA required
achievement type tests to all students. Many states release previously used test items and
these are listed for a time on their respective websites. The group of seven questions used

in the study was selected from this research. A pilot study was conducted and revisions
were made accordingly.

PROCEDURE

The participants (teacher candidates) were asked to work seven problems and to elabo-
rate on the manner in which they initially approached the sketch or pictorial representa-
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tion the problem thus reaching a solution while interpreting the pictorial representation
that accompanied the problem. The questions were modeled after released 4™ grade
questions on the state mandated achievement test. Since these teacher candidates will be
in an EC-6 classroom in the near future, the level was selected with the thought that these
teacher candidates would become more qualified to teach in the EC-6 mathematics
classroom if given the opportunity to take the same test as their future elementary stu-
dents took.

A panel of experts was used to equate the initial manner to approach the pictorial re-
presentation in order to solve the problems. The panel did not say the way selected was
the best or the only way to read the pictorial representation. The panel did however;
advocate that there is usually one and only one initial method. The initial way is one that
is usually most successful in reaching most of the students in the math classroom. If that
initial method was not successful with the students, then other methods should be utilized
according to the panel.

The panel consisted of ten graduate students who were in the final course of a Master
Mathematics Teacher program. Each member was currently teaching in a public school
setting and had five or more years experience teaching mathematics. Each of the teachers
was in a voluntary graduate program and had a very positive outlook about the teaching
of mathematics. This panel had over 75 years combined experience in the classroom
teaching mathematics. Each member of the panel was in an administrative mathematics
position in their respective school district or campus. The combined years of experience
in the mathematics classroom indicates that the panel members is respected school
administrators and most likely have a positive outlook about mathematics.

RESULTS

Each of the problems was modeled closely to Texas (USA) 4th grade state achieve-
ment test released items. The panel of experts achieved 100% correct on all of the ma-
thematical situational problems and agreed 98% on which was the correct way to read the
information in the picture thus solving the problem.
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Problem 1.

Last night, it rained at Jose’s
home. He checked the rain
gauge this morning to see the
amount of rainfall.

When you were working on the
solution to the question did you
read the required information in
the picture?

N
How much did he find in the -+ \\\ Sinch o Left to right
gauge? ; N 4 » Right to left
e 4 inches | \\\ * Top to bottom
* 4 Y inches N * Bottom to top
¢ 5 inches % \\ Zinch
-

tinch

® 5% inches ‘;‘

The teacher candidates were highly 100% successful with this however; only approx-
imately 47% stated that they approached the problem in the best initial manner according
to the panel of experts as bottom to top. Approximately 53% of the participants stated that
they approached the problem in inappropriate different manner. Of course, due to learning
styles there may always be some who will approach a problem from a different angle but
a percentage of this size it may not be just the variation due to learning styles (Borchetta
and Dunn). Since the teacher candidates were not interviewed about their answers, it
would be pure speculation to say why the participants answered the way they did. Thus
we will need to address this in a future study.

The panel expressed that the proper way to solve this one was to read the measure-
ments from the bottom to the top or from 1, 2, 3,... When given a pictorial representation
such as this one, if students do not read from the bottom to the top, they will most likely
not read the amount in the beaker correctly but what it appears to be since the pictorial
representation has a three-dimensional appearance. It is much easier for almost anyone to
start either at one or at the whole number just below the exact answer on any pictorial
representation such as this one. The correct answer is 4 % inches.

Problem 2 proved to be difficult for the teacher candidates even though the problem
was on a 4th grade level. The percentage of teacher candidates who answered the ques-
tion correctly was 80; however, 53% stated they approached the problem in the best
initial manner according to the panel of experts as from bottom to top. The correct answer
was 66 inches. Forty-seven percent of the subjects stated that they approached the
problem in an assumed inappropriate manner.

(
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Problem 2
Mary’s Dad was planning to Yo When you were working
put a new fence around the T on the solution to the
back yard. He measured the question did you read the
fence at the right at the NSASARERAR required information in the
improvement center. How R o i N N picture?
many inches tall will the fence | nne | o Left to right
be if he uses the fencing that el e Right to left
he measured at the home % « Top to bottom
improvement center? « Bottom to top

e 60 25 A A O A

® 66 [

70

075

This one involved several strategies and the complexity might have been part of the
reason for the difficulties experienced. One would need to start from the bottom to the top
but one would also need to realize that each of the marked intervals was 30 units. Stu-
dents, young (inexperienced) and even older (more experienced), expect all measurement
intervals to be in either 1 or 2 unit increments (Nagel, 2007, personal communication).
Possibly this is something that comes from the early graphing experiences in the EC-1
grade classroom where the students and teacher create bar graphs based on one-to-one
correspondence, etc. Whatever the reason, the student of today is faced with complex
questions similar to the one above each year on the state achievement test thus we must
have teachers in the classroom prepared to help those students prepare for the state test.

Problem 3

When you were working
on the solution to the

How much money does
Maria have?

79 cents question did you read the
required information in
¢ 84 cents the picture?
* $2.79
* $2.84 o Left to right
* Right to left
» Top to bottom

e Bottom to top
¢ Largest to smallest

While 92% of the participants (teacher candidates) answered the question correctly,
53% stated they approached the problem in the best manner according to the panel of
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experts as largest to smallest. The amount shown in the pictorial representation is $2.84.
These teacher candidates will be in the classroom very soon, therefore it is a great
concern that approximately half of the teacher candidates stated they approached the
problem in a manner other than the one identified by the panel as the best initial approach.
The panel agreed if the student starts counting with the larger in the pictorial representa-
tion and in value amount and moves to next in size, the student will usually be able to
determine the correct amount easily. This is simply an add-on basic counting activity

which students are taught in the first and second grades (Nagel, 2008 personal communi-
cation).

Problem 4
Millie arrived at her When you were working
Grandmother’s house at © on the solution to the
8:30 AM and left for home / U 1 guestion did you read
at 3:15PM. How much ’ 10 ( 10 the required information
time did she spend at /! in the picture?
Grandmother’s?
1 / 6 5 * Lefl to right

5 hrs. 15 min. Arrived o e * Right to left

e 5 hrs. 45 min. Seien! Leh Seace. * Top to bottom

e 6 hrs. 15 min. * Bottom to top

o 6 hrs. 45 min. e Middle to outside

e around and around

Although one would expect the teacher candidates to be 100% correct, only 84%
answered the problem correctly and only 39% stated they approached the problem in the
best initial manner according to the panel of experts. The experts stated they believed the
best initial approach was ‘around and around’. The correct amount of elapsed time was 6
hours and 45 minutes. While it is informative, it is alarming that 61% of the subjects
stated they approached the problem in an assumed inappropriate manner. Since these
teacher candidates are only months from being eligible to be the teacher of record, it is
very alarming as these problems were closely modeled after 4th grade released test items.
Many of the teacher candidates stated they read the information from left to right or one
of the other possibilities however, there were many loops drawn on their clocks to
indicate they really did ‘around and around’ type method to solve the problem.

The panel of experts felt the best initial method to approach this one was to start at the
time on the first clock and have the students to add one hour at a time until almost
reaching the time on the second clock. Then proceed with minutes until the final amount
of time is determined. Students were provided with hands-on clocks which have movable
hands to use as manipulatives when they were learning to work with time and elapsed
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time. Thus the students were often able to transition from the concrete to the abstract but
may continue with this ‘around and around’ method.

Problem 5
In the number to the right, When you were working on
what number is in the 1 2 3 4 5 6 7 8 9 the solution to the question
hundreds place? 2 b did you read the required
o] information (123,456,789)?
2 o left to right
*3 = right to left
o4 * top to bottom
5 * bottom to top
6
o7
o8
*9

Almost every teacher candidate answered this problem correctly as 94% provided the
correct response and 78% stated they approached the problem in the best initial manner
according to the panel of experts. The panel identified the right to left approach as best
initial. It is noteworthy that in the seven questions, the all teacher candidates responded
on each of the questions except this one and four skipped it. This is a place value question
and place value is determined from least to greatest or right to left. Even with this high
percentage correct, still 22% of the subjects stated they approached the problem in an
assumed inappropriate manner. It is fearful that these teacher candidates who have not
internalized the concept of place value, if placed in a classroom will not be able to teach
their students appropriately.

Problem 6
It was 29°F early this morning and op When you were working on
the temperature shown is at 3 PM. 310 the solution to the question did
What was the difference in the you read the required informa-
two temperatures? ! R tion in the picture?

* 1.5 degrees o Left to right

* 1.4 degrees B e Right to left

» 1.2 degrees 2o  Top to bottom

¢ 1.1 degrees » Bottom to top

Only 85% of the teacher candidates answered the question correctly however, 75%
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stated they approached the problem in the best initial manner according to the panel of
experts. The panel advocated that the pictorial representation be approached from bottom
to top. However, 25% of the participants stated they approached the problem in an
assumed inappropriate manner.

The thermometer reading is not an easy as one would like to believe. Again the inter-
val is not in single units, thus forcing the reader to not only look at the total change but to
determine the value of each of the tick marks between the given intervals. The complexity
of this problem may have been some of the reason the teacher candidates were not able to
be 100% correct. If this was a problem for the teacher candidates who are adults, it will
be an extremely difficult task for a young student and will need to have a prepared
teacher in the classroom in order for that young student to master the likes of this problem.

Problem 7
) 10 10.8 11 1.5 - 12 128 13 13.5 .
What does the X represent? When you were working on the solution to the question
e Number smaller than 12 did you read the required information in the picture?
¢ Number larger than 12 e left to right
e Number equal to 10 e right to left
e Number equal to 13 * top to bottom
* bottom to top
» middle to the outside

Even though 98% of the participants answered the question correctly, only 26% stated
they approached the problem in the best manner according to the panel of experts as from
the middle to the outside. It is alarming that 74% of the teacher candidates stated they
approached the problem in an assumed inappropriate manner.

The experts believed that if the student who was attempting to solve the problem were
to first look at the location of the point in question and then he/she could focus on the
readings on the number line to the left and right thus solving the problem correctly.

There is great concern as to how they will teach the students in their classrooms if

even one teacher candidate does not approach the pictorial representations in the best
initial manner.

CONCLUSIONS

The results of this study indicated a large difference between the teacher candidates
and the expert teachers’ strategies to interpret the mathematical pictorial representation. If
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teacher candidates are to be successful in their teaching of mathematics, they need to be
able to interpret pictorial representation accompanying mathematics problems. In the
future, these teacher candidates will need to be able to construct many of their own
pictorial representation (sketches) in order to provide illustrations for their students to
solve complex problems. The teacher candidates could be the teacher of record in a few
months and as such will be responsible for their students’ ability to be able to answer
correctly on the state or other achievement test.

The teacher candidates’ methods of interpreting the pictorial representation signifi-
cantly differed from the panel of experts. Their conditional knowledge about how to
select appropriate strategies to adjust learning was inconsistent with the panel of experts.
It is feared the teacher candidates will not be good mathematics teachers as a result.

Most of the teacher candidates were able to answer the 4th grade problems because
they have the knowledge to answer the questions (declarative metacognition). However,
many were not able to select the appropriate strategies to figure out the problem (proce-
dural metacognition). For example, “Do I need to add or subtract to figure out the prob-
lem?” Since the mathematical problems were easy for the teacher candidates to solve and
complete, effectively interpreting the illustration was not needed to select the correct
answers. But, for a fourth grader interpreting both the situational problem and illustration
will be difficult. All components of the metacognitive strategy process must be unders-
tood by the teacher and explicitly taught to the learners (Flavell, 1976; Doughtery, 1990).

A trend has existed for some time and appears will exist for a number of years in the
future for the state academic tests to contain many situational problems accompanied with
sketches or pictorial representation. The successful student will be one who is able to
interpret the situational problem or text and evaluate the pictorial representation or sketch
accompanying the text for additional information. The pictorial representation or sketch
may require the learner to metacognitively process the sketches or pictorial representation
in a variety of ways that contradicts how one reads informational or narrative text. Some
may require the student to begin on the right and read to the left such as the given place
value problem while others require the student to even read around and around to deter-
mine the elapsed time problem when clock faces are provided such as the problem in
number four. In order to be an effective teacher the teacher candidate must be knowledge-
able of these basic mathematics concepts and skills. In order to be able to effectively
teach elementary mathematics, teacher candidates must develop mathematics content
skills if the students in their respective classes to be successful.
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