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Abstract

Problem Statement: Kinematics is one of the topics in physics where graphs
are used broadly. Kinematics includes many abstract formulas, and
students usually try to solve problems with those formulas. However,
using a kinematics graph instead of formulas might be a better option for
problem solving in kinematics. Graphs are abstract representations, so a
student’s level of logical thinking might be an indicator for understanding
a kinematics graph. This paper examines a possible connection between
students” kinematics graph interpretation skills and logical thinking.

Purpose of the Study: The main purpose of this study is to search for
relationships between student logical thinking, gender and kinematics
graph interpretation skills.

Methods: The sample of this study is 72 grade-12 students. The Middle
Grades Integrated Process Skill Test (MIPT) and Test of Understanding
Graphs-Kinematics (TUG-K) were administered to collect data after the
kinematics graph instruction. The study uses correlational research design.
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Data analysis includes factor analysis, reliability, descriptive statistics,
correlation, and forward multiple-linear regression.

Findings and Results: Based on the data analysis, the following principal
components were identified for MIPT: processing text information (MIPT:
text) and processing symbolic representation (MIPT: symbolic). Similarly,
two principle components were found for TUG-K: calculation and the
interpretation of slope (TUG-K: slope) and area (TUG-K: area). A student’s
ability to determine the slope in a kinematics graph was significantly
correlated with logical thinking and gender. However, there was no
significant correlation to student ability to determine the area in a
kinematics graph.

Conclusions and Recommendations: Students come to a classroom with
different levels of logical thinking skills. It might be easier for some
students to process text information rather than processing symbolic
information. On the other hand, it might be easier for some students to
process symbolic information instead of processing text information. For
both types of students, this study recommends that students’ logical
thinking and gender need to be considered when kinematics graphs are
taught.

Keywords: Kinematics, graphs, logical thinking, physics education

Introduction

Graphical displays are one of the most common visual representations in
education. Most textbooks include graphical displays to help student understanding.
Physics textbooks in particular broadly use graphical displays. Kinematics is one of
the physics topics that uses many graphs. Position vs. time (p-t), velocity vs. time (v-
t), and acceleration vs. time (a-t) are the three main kinematics graphs. In addition,
kinematics includes many formulas; in the traditional education system students
usually try to memorize these formulas to solve kinematics problems. However,
solving physics problems by using mathematical formulas does not indicate that
student fully understand the topic (Sengel & Ozden, 2010). In fact, students can get
most of the kinematics formulas by using kinematics graphs. For example, students
can calculate the distance traveled by figuring the area in the v-t graph instead of
using the distance formula (d = v*).

It is essential to identify the factors that affect the students’ learning of kinematics
graphs. There are many studies related to the understanding of kinematics graphs
(Beichner, 1990; Beichner, 1994; Brasell, 1987; Brasell & Rowe, 1993; Svec, 1999). On
the other hand, few studies have searched for the relationships between logical
thinking and student understanding of graphs (Berg & Phillips, 1994; Wavering,
1989). However, there is a lack of research on the relationships between logical
thinking and kinematics graphs interpretation skills. Therefore, the aim of the current
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study is to examine the relationships between the students’ logical thinking, gender
and kinematics graph interpretation skills.

Theoretical framework and literature review

Piaget (1964) found that development and learning are two different concepts. He
said that development is a natural process, while learning is usually provoked by a
teacher. Piaget defined sensorimotor, preoperational, concrete, and formal stages for
his theory of development. Based on this theory, the first operations appear as a
concrete operation. In this stage, the individual can operate on objects, but not on
verbally expressed abstract expressions. The last stage of development is the formal
operation where an individual can reason about images and abstract expressions
such as graphs.

Berg and Phillips (1994) investigated the relationship between students’ logical
thinking structures and their ability to construct and interpret line graphs. The
sample was 72 students from seventh, ninth, and eleventh grades. Berg and Phillips
assigned the students to the following five Euclidean spatial structures: placement
and displacement of objects, one-one multiplication of placement and displacement
relations, multiplicative measurement, multiplicative seriation, and proportional
reasoning. Euclidean spatial structures are concrete operational structures based on
Piagetian tasks that were used to assess logical thinking. Students’ graphing abilities
were evaluated based on construction and interpretation of many graphs. Students
with low levels of logical thinking could not construct or interpret graphs. Results
showed that multiplicative seriation, multiplicative measurement, and Euclidean
spatial structures highly correlated with student ability to construct and interpret line
graphs.

Berg and Phillips (1994) concluded that a student’s development of logical
thinking is very important in understanding graphs. The researchers said that
“without their development, students are dependent upon their perceptions and
low-level thinking” (p. 340). This conclusion is consistent with the finding of a
“graph as picture” error, which is one of the most common errors students make
when understanding line graphs (Berg & Phillips, 1994; Brasell, 1987; Mokros &
Tinker, 1987; Svec, 1999, Trumper, 1997). In addition, Berg and Phillips found that
many students in junior high and secondary schools had not developed their logical
thinking structures enough to understand line graphs.

Wavering (1989) studied students in grade 6 through grade 12 in both science and
mathematics classrooms to find out the logical reasoning required to construct line
graphs. The students were asked to draw a line graph with a positive slope, negative
slope, and an increasing exponential curve. Wavering’s results were consistent with
Piaget’s cognitive development structure. Wavering divided students” responses into
nine categories. Category 1 corresponded to no attempt to make a graph and
category 9 corresponded to the recognition of an increase of variables on both axes
and the recognition of increase in a nonlinear graph. Wavering concluded that
Category 1 refers to preoperational reasoning, categories 2 through 5 refer to concrete
operational reasoning, and categories 6 through 9 refer to formal operational
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reasoning. Wavering said that “with the increasing use of computers to generate
graphs for students, if students are not given opportunities to work their way
through their own graphs, it could be that logical development and understanding of
graphing may be short-circuited” (p. 379). This statement is in accord with the
findings of microcomputer-based laboratory (MBL) studies. Svec (1999) reported that
in MBL, since the computer constructs the graph, students have difficulty connecting
one graph to another.

Crowley, Callanan, Tenenbaum and Allen (2001) found no significant gender
differences for initial engagement in science activities in young children. However,
compared to girls, boys heard three times more explanations from their parents
during the exhibit at the California Children’s Museum. The researchers concluded
that the parents’ behavior may not be intentional, but hearing more scientific
explanations from parents may be an advantage for boys during their formal
education. Similarly, Battista (1990) constructed and applied a logical reasoning test
that has items related to formal operations in order to investigate the students’ ability
to draw conclusions in a logical syllogistic format. The researcher found no
significant difference between student gender and logical reasoning when they solve
geometry problems.

The Test of Logical Thinking (TOLT) was developed by Tobin and Capie (1981) to
test the logical thinking abilities of middle grade and older students. The test has 10
items and every two items test one of the following reasoning modes: proportional
reasoning, controlling variables, probabilistic reasoning, correlational reasoning and
combinational reasoning. TOLT studies revealed some significant and non-
significant results related to gender differences. Valanides (1996) found no significant
gender differences for logical thinking ability. However, Valanides (1997) conducted
another study and found significant difference for probabilistic thinking items in
favor of male students. The author did not find any other significant gender
differences related to reasoning modes or the total test score. Yenilmez, Sungur and
Tekkaya (2005) reported significant differences in proportional reasoning,
probabilistic reasoning and combinational reasoning in favor of males and significant
differences in controlling variables and correlational reasoning in favor of females.

Silberstein (1986) suggested that students could use graphs to interpret data in all
scientific disciplines. Similarly, McKenzie and Padilla (1986) said that one form of
quantitative data is the line graph. They concluded that graphs are helpful for
communication about concepts and relationships between variables. From their point
of view, when students use graphs in kinematics they may be more comfortable
interpreting the motions of bodies and better see the relationships among position,
velocity, and acceleration.

Jackson, Edwards, and Berger (1993) focused on graphing and data analysis
instead of focusing on the relationship between graphs. Their sample was 700 high
school students from six high schools who had weak mathematics and science
backgrounds. Researchers used computer-assisted graphical data analysis to answer
particular questions. They found that students responded to questions with a variety
of explanations and levels of achievement. Many comments from teachers and
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students led researchers to believe that more understanding of graph construction
may help improve learning experiences in the long term.

Although graphs are essential instructional tools, students have some difficulties
when they use graphs in kinematics. The most common difficulties are confusing
slope and height (Brasell, 1987; Mokros & Tinker, 1987), distinguishing slope and
area (Beichner, 1994), “graph as picture” error (Berg & Phillips, 1994; Brasell, 1987;
Mokros & Tinker, 1987; Svec, 1999; Trumper, 1997), confusion between distance and
velocity (Brasell, 1987), graph interpretation (Adams & Shrum, 1990; Beichner, 1994;
Brasell & Rowe, 1993; McDermott, Rosenquist, & van Zee, 1987), graph construction
(Adams & Shrum, 1990; Beichner, 1994; Brasell & Rowe, 1993), and relationships
between graphs (Svec, 1999).

When students see a graph as a picture they usually do not think about the
variables on the graph. In other words, when p-t graphs and v-t graphs look like each
other, the information they present is quite different. As can be seen in Figure 1, lines
give various kinds of information in different types of graphs. For example, a line
parallel to the t-axis in a p-t graph means there is no motion, in a v-t graph it means
constant velocity, and in an acceleration vs. time (a-f) graph, it represents increasing
speed. Students usually make these kinds of errors when they interpret kinematics
graphs. According to Piaget’s cognitive development theory, this type of student is
not completely at the formal operation stage since they cannot reason on abstract
representations.

t(s) t(s) t(s)

Figure 1. Similar graphs do not present the same information.

Using graphs to solve kinematics problems may facilitate student understanding
and contribute to their learning. However, students may need prerequisite abilities to
understand kinematics graphs. Logical thinking may be one of these prerequisite
abilities that influences student understanding of kinematics graphs. This study
specifically focused on kinematics graph interpretation skills instead of line graphs in
general to see if there are factors that relate to students’ logical thinking and
kinematics graph interpretation skills. This study addresses the following questions:

1. Is there a significant relationship between student logical thinking and
kinematics graph interpretation skills?

2. Are there significant differences in the relationships between student logical
thinking and kinematics graph interpretation skills based on gender?
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I
Methodology

Research Design

This study conducts correlational research, in which the relationships among two
or more variables are researched without influencing the dependent or independent
variables (Fraenkel & Wallen, 2000). Dependent and independent variables are
determined by applying factor analysis to MIPT and TUG-K. The dependent variable
was kinematics graph interpretation skills and the independent variables were
gender and logical thinking,.

Sample

The participants of the study were 72 grade 12 physics students (40 males and 32
females) in an urban high school. There were two different levels of students: one
advanced placement (AP) class and three calculus-based physics classes. The AP
class had 13 males and five females. The first CBP class had 12 males and eight
females, the second CBP class had eight males and eight females, and the third CBP
class had seven males and 11 females. Both AP and CBP students had a 50-minute
class period every day. However, AP students had an extra 50-minute class every
Thursday.

The physics and calculus taught in the AP class were more advanced than the
subjects taught in CBP classes. The AP physics class was a college level course that
allowed students to earn college credit if their grade was at least 4 out of 5. Both AP
and CBP class students were taught kinematics from early September to late October.
CBP class students were engaged in graph construction and interpretation tasks, but
not as often as the AP class students.

Classroom Settings, Activities and Teaching Strategies

The physics teacher used the same room for both AP and CBP physics classes. In
addition, the teacher used the hallway and the outdoor field for some activities. For
example, the hallway was used to observe the rate of change of position, velocity,
and acceleration.

After teaching students the preliminaries for learning kinematics graphs, the
teacher engaged the students in feeling rates of change activities. A motion sensor and
a calculator were used in these activities. Students worked in groups. One of the
students held the motion sensor and calculator and gave directions to another
student so as to create the right graph on the calculator. After that experience
students switched positions. Each group was given a kinematics graph and asked to
create it on the graphing calculator by using the motion sensor and calculator. In
another activity, the description of the motion was given and students were asked to
create the graph by using the motion sensor and calculator.

Instruments

Data was collected by administering the Test of Understanding Graphs in
Kinematics (TUG-K) by Beichner (1994) and the Middle Grade Integrated Process
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Skill Test (MIPT) by Padilla & Cronin (1985). TUG-K was administered first after the
students were taught kinematics graphs. MIPT was administered after one week.

TUG-K was applied to assess student kinematics graphs interpretation skills. It
has 21 multiple-choice items with seven subscales each with three items. In the first
subscale a position vs. time (p-t) graph was given and students were asked to find
velocity (p-t to v). In the second subscale, a velocity vs. time (v-t) graph was given
and the students were asked to find the acceleration (v-t to a). In the third subscale,
v-t graph was given and students were asked to find the position (v-t to p). In the
fourth subscale, an acceleration vs. time (a-t) graph was given and the students were
asked to find the change in velocity (a-t to Av). In the fifth subscale, a kinematics
graph was given and students were asked to identify a corresponding kinematics
graph (graph to graph). In the sixth subscale, a kinematics graph was given and a
text explanation of the graph was requested (graph to text). Finally, the seventh
subscale gave a text explanation and the students were asked to identify the
corresponding graph (text to graph). Cronbach’s alpha values for the estimate of
internal consistency reliability (n=72) for the seven types of subscales on the TUG-K
instrument were as follows: p-t to v: 0.57; v-t to a: 0.57; v-t to p: 0.47; a-t to Av: 0.34;
graph to graph: 0.18; graph to text: 0.47; and text to graph: 0.47. Beichner found the
Kuder-Richardson-20 (KR-20) reliability of the TUG-K was 0.83.

The MIPT has 40 multiple choice items. The objectives of those items were as
following: questions (six items), hypotheses (six items), ID variables (eight items),
design and investigation (six items), data table (four items), graph (four items), and
draw conclusions (six items). Cronbach’s alpha values for the estimate of internal
consistency reliability (n =72) for the seven types of subscales on the MIPT
instrument were as follows: objectives: 0.35; hypotheses: 0.49; ID variables: 0.71;
design and investigation: 0.20; data table: 0.71; graph: 0.01; and draw conclusions:
0.12.

Data Analysis

Factor analyses were used for the TUG-K and MIPT to identify the principal
components of each instrument. The Cronbach’s alpha value for the estimate of
internal consistency reliability for the resulting components for each instrument was
computed. In addition, a descriptive statistic was computed for the mean and
standard deviation of variables. Moreover, a correlation analysis was conducted to
search for significant correlations between variables. Finally, a forward multiple-
linear regression was conducted to find the best predictor or set of predictors of
kinematics graph interpretation skills.

Principal Components Analysis. Principal components analysis was applied to the
responses from each of the two instruments to see if there were different subscales
for this study. The results showed that there were two main components for each
instrument. Orthogonal (varimax) rotation was used to make the variables
independent from each other. The main criterion for the best solution was to select
the solution that best approximated a simple structure. This would mean that the
solution for the item-loading on one component would be relatively large while the
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item-loading on the remaining components would be relatively small or not
significantly different from zero. For both instruments, the closest approximation to
simple structure occurred when the number of components was equal to two. In
addition, scree plots were used to help determine the optimum number of principal
components for each instrument.

Principal component analyses for MIPT. Padilla and Cronin (1985) originally
described the subscales as questions, hypothesis, ID variables, design investigation,
data table, graph, and draw conclusion. The items on the original subscales do not
group on the items of the subscales for this study. In this analysis, two principal
components were found —Principal Component 1 with items that require processing
of text information such as determining variables or drawing conclusion and
Principal Component 2 with items that require processing of symbolic information
such as numbers, graphs, and data table.

Results

Table 1 shows the reliability analysis of the resulting MIPT principal components.
Principal Component 1 has 13 items and Principal Component 2 has 11 items. As can
be seen from the table, the alpha value for Principal Component 1 (0.77) is bigger
than the alpha value for Principal Component 2 (0.62).

Table 1
Reliability Analysis of the MIPT Principal Components

Cronbach’s alpha
Subscale base.d on. Number  Number
standardized items .
of items of
students
MIPT: Principal Component 1 0.77 13 72
MIPT: Principal Component 2 0.62 11 71

Note. Item 4 excluded for MIPT: Principal Component 2 (zero variance).

The items that are loaded on Principal Component 1 are related to the text
description. A text description of a situation was given for most of these items, and
students were asked to identify the manipulated variable or draw a conclusion from
the text. For example, in Item 9, a hypothesis about growing bean seeds in different
trays is given and students are asked to determine how they can test the given
hypothesis. Since the items in Principal Component 1 are related to processing text
information, this component was named MIPT: text.
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The items that are grouped for the second subscale of MIPT are related to
graphical displays, data tables, or numbers. This subscale is primarily a combination
of the subscales for data table, graph, and draw conclusion as originally determined
by the authors. In these items the relationships between two variables are given with
numbers and the students were asked to choose the correct data table for each item.
For example, in Item 8, a data table is given for two variables—time after planting
pumpkins and average weight of pumpkins—and students are asked to determine
the graph that best describes the results in the data table. Since the items in Principal
Component 2 are related to processing symbolic information, this component is
called MIPT: symbolic.

Principal component analysis for TUG-K. The original TUG-K instrument as
described by Beichner (1994) had seven subscales. Based on the analysis of the
current study, two subscales were found for TUG-K instruments. The first subscale,
Principal Component 1, involves finding or interpreting the slope of a curve or line,
and the second subscale, Principal Component 2, involves finding or interpreting the
area under a curve or line.

Table 2 presents the principal components for TUG-K that resulted from the
reliability analysis. The reliability of Principal Component 1 (0.78) is higher than the
reliability of Principal Component 2 (0.56). Also, Principal Component 1 has 13 items
while Principal Component 2 only has five items.

Table 2
Reliability of TUG-K Principal Components

Subscale Cronbachs' alpha Number of Number
based on items of
standardized items students
TUG-K: Principal 0.78 13 71
Component 1
TUG-K: Principal 0.56 5 72

Component 2

The TUG-K items that are loaded on principal component 1 are related to
determining or interpreting the slope of a curve or line. For example, in Items 13 and
17, a p-t graph was given and students were required to determine the slope to find
the velocity. Similarly, Item 7 requires students to determine the slope of the line to
find the magnitude of the instantaneous acceleration of the object. Since Principal
Component 1 items are related to determining the slope, Principal Component 1 is
called TUG-K: slope.
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The results for the rotated matrix loading show that the items in Principal
Component 2 require students to determine or interpret the area under a curve or
line. For example, in Item 16, students need to calculate the area in a-t graph to find
the correct answer. Similarly, in Items 4 and 20, a v-t graph was given and students
were expected to determine the area to find the distance. The items in Principal
Component 2 are related to determining the area in a kinematics graph; therefore this
component is called TUG-K: area.

Descriptive Statistics

Table 3 gives the output of the descriptive statistics for the dependent variables
(TUG-K: slope and TUG-K: area) and the independent variables (gender, MIPT: text
and MIPT: symbolic). As can be seen from the table, TUG-K: area has much less
variability than TUG-K: slope. Similarly, MIPT: symbolic has less variability than
MIPT: text.

Table 3

Mean, Standard Deviation, and Sample Size for Gender, TUG-K: slope, TUG-K: area, MIPT:
text and MIPT: symbolic

Gender TUGK: TUGK:  MIPT: text MIPT:
slope area symbolic
N 72 72 72 72 72
Mean .56 7.43 4.78 11.11 9.53
Std. deviation .50 3.28 1.13 2.30 1.99

The following difficulties were identified based on the average of the incorrect
responses for certain items. First, students have more difficulty calculating the slope
in a kinematics graph than calculating the area. Second, students have difficulty
deciding if they need to calculate the slope or the area in a kinematics graph. Finally,
students see the graph as a picture because they do not pay attention to the variables
on each axis.

Correlations

Table 4 shows the inter-correlations between and among dependent and
independent variables. Three significant correlations were found at the p < 0.01 level.
In the first one, MIPT: symbolic was significantly positively correlated with TUG-K:
slope (r = 0.35, p < 0.002). Students who are more successful in processing symbolic
information are more likely to be successful on TUG-K: slope items. In the second
correlation, TUG-K: slope was significantly positively correlated with TUG-K: area (r
= 0.30, p < 0.10). This shows that determining the slope and area in a kinematics
graph is interconnected. Therefore kinematics graph interpretation is related to
understanding slope and area. Finally, TUG-K: slope was significantly positively
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correlated with gender (r = 0.31, p < 0.09). Therefore, we can conclude that male
students performed better than females on TUG-K: slope items.

The only significant correlation found at the p < 0.05 level was between MIPT:
text and TUG-K: slope (r = 0.25, p < 0.035). TUG-K: area was not significantly
correlated with any of the independent variables. One reason for that might be that
TUG-K: area has six items and a reliability of 0.56, while TUG-K: slope has 13 items
and a reliability of 0.78. In addition, as seen in Table 3, TUG-K: area has the smallest
variability among dependent and independent variables. The results reveal that
students with high logical thinking skills perform better on kinematics graph
interpretation tasks related to slope than students with low logical thinking skills.

Table 4

Correlation of Variables

Correlations?
MIPT: MIPT: TUGK: TUGK:
text symbolic  slope area
MIPT: Pearson 15
symbolic Correlation
Sig. (2-tailed) .209
TUGK: slope  Pearson .25 35"
Correlation
Sig. (2-tailed) .035 .002
TUGK: area Pearson .10 .06 .30
Correlation
Sig. (2-tailed) .394 .622 .010
gender Pearson -10 -.02 31 .07
Correlation
Sig. (2-tailed) 387 .896 .009 548

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).

a. Listwise N=72

Forward Multiple Linear Regression

Table 5 presents the best set of predictors for TUG-K: slope. MIPT: symbolic,
gender and MIPT: text is the set of independent variables that best predicts the
dependent variable TUG-K: slope. These predictors account for approximately 27
percent of the variance. There was not any set of predictors for TUG-K: area.
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Table 5

Best Set of Predictors of TUG-K: slope Resulting from Forward Step-wise Multiple Linear
Regression Analysis

Model Summary

Model R R Adjusted  Std. Error Change Statistics
Square R Square E;)tf1 It::te R F & df Sig. F
Square Change 1 2 Change
Change
1 .35a 12 11 3.10 12 9.91 1 70 .002
2 47b 22 .20 2.94 .10 8.64 1 69 .004
3 .52¢ 27 24 2.86 .05 5.04 1 68 .028

a. Predictors: (Constant), MIPT:
symbolic

b. Predictors: (Constant), MIPT: symbolic, gender

c. Predictors: (Constant), MIPT: symbolic, gender, MIPT:
text

As can be seen from Table 6, MIPT: symbolic is the best single predictor for TUG-
K: slope (Beta = 0.35). MIPT: symbolic is still the best predictor within the set of two
predictors (Beta = 0.36). However, within the set of three predictors, gender has a
slightly higher influence on prediction (Beta = 0.34). Therefore it is clear that
understanding the slope in a kinematics graph is related to logical thinking and
gender. Processing symbolic information is a good predictor for determining slope in
a kinematics graphs. However, processing text information is not a predictor for
determining slope in kinematics graphs. No predictor was found for the dependent
variable TUG-K: area.
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Table 6

Coefficients for the Best Predictors of TUG-K: slope Resulting from Forward Step-wise
Multiple Linear Regression Analysis

Coefficients?
Model Unstandardized = Standardized t Sig.  95% Confidence Correlations
Coefficients Coefficients Interval for B
B Std. Beta Lower Upper Zero- Partial Part
Error Bound Bound order
(Constant)  1.90 1.79 1.06 .29 -1.68 5.48
MIPT: .58 18 .35 315 .00 21 95 35 35 .35
symbolic
(Constant) .68 1.75 39 70 -2.81 418
MIPT: 59 17 .36 336 .00 24 94 35 37 .36
symbolic
Gender 2.05 .70 31 294 .00 .66 3.44 31 33 31
(Constant)  -2.59 2.24 - 25 -7.07 1.88
1.16
MIPT: 53 17 32 3.08 .00 19 .87 .35 .35 32
symbolic
Gender 221 .68 .34 324 .00 85 3.56 31 .36 33
MIPT: text 34 15 24 224 .030 .04 64 .25 .26 23
a.Dependent Variable:
TUGK:slope

Discussion and Conclusion

In the current study participants are at a formal operation stage in which they are
expected to reason on images and abstract representations such as graphs. However,
some students still have problems correctly interpreting kinematics graphs. The
results of this study reveal that logical thinking is one of the main reasons for that.

The principal component analysis showed that interpreting kinematics graphs is
related to how students determine the slope and area in a kinematics graph. The
order of kinematics graphs for calculating the area is: a-t, v-t, and p-t. On the other
hand, the order of kinematics graphs for determining slope is reverse: p-t, v-t, and a-
t. The slope variable starts with a simple kinematics concept (position) and gets more
complex as students learn velocity and acceleration. That might be one of the reasons
for beginning teaching kinematics with p-t graph, and progress to the v-t graph and
then the a-t graph. However, the results of the current study showed that students
had more difficulty on slope items than area items, so beginning teaching kinematics
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with reverse order, namely first a-t, then v-t, and finally p-t graph might be the
correct order. Another study might be necessary to clarify this point.

Another finding of the study is that students who did well on TUG-K: slope items
also did well on TUG-K: area items. This result shows that determining the slope
and/or the area in a kinematics graph are interconnected. Therefore, it can be
concluded that kinematics graph interpretation skills are related to understanding
the slope and area in a kinematics graph.

The results reveal that students have difficulty deciding if they need to calculate
the slope or the area in kinematics graphs. This conclusion is in accord with Beichner
(1994). In addition, students have more difficulty calculating the slope in a
kinematics graph than calculating the area. Moreover, students do not pay attention
to the variables on each axis. For example, some students did calculations where they
mistakenly considered a p-t graph to be a v-t graph. This leads students to have the
most common error in interpreting kinematics graphs — graphs as picture error (Berg
& Phillips, 1994; Brasell, 1987; Mokros & Tinker, 1987; Svec, 1999; Trumper, 1997).

Student logical thinking comprised processing text (MIPT: text) and symbolic
information (MIPT: symbolic). This finding is very important because graphs are
symbolic representations. The results showed that processing symbolic information
had a significant relationship with interpreting kinematics graphs. This result
suggests that understanding kinematics graphs is related to processing abstract
information. Berg and Phillips (1994) noted that “without their development students
are dependent upon their perceptions and low level thinking” (p.340). Therefore that
type of student has difficulty processing symbolic information. As a result, students
who are not at the formal operation stage will have problems when they construct or
interpret kinematics graphs.

Piaget noted that operation is very important for the development of knowledge.
Students have different types of operations for processing text and symbolic
representations. MIPT: symbolic, gender, and MIPT: text were identified as the best
set to significantly predict TUG-K: slope. It is clear that understanding the slope in a
kinematics graph is related to logical thinking and gender. Therefore, processing text
or symbolic information is important for students’ understanding of kinematics
graphs.

Male students did significantly better than female students on TUGK: slope
items. One of the reasons for this might be related to different previous experiences.
Male students are generally more active in the physical world than female students,
and male students tend to be more interested in studying science while female
students tend to be more interested in social science (Miller, Blessing, & Schwartz,
2006). In this study, no significant correlation was found between students’ logical
thinking and gender.

The results of the current study reveal that TUG-K: slope is significantly
correlated with logical thinking (MIPT: text and MIPT: symbolic) and gender.
Students must develop cognitively to understand abstract representations such as the
kinematics graphs in this study. In other words, students need to be at a formal
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operation stage to have a better understanding of the kinematics graphs that are
related to determining the slope.

Some students come to the classroom with a high level of logical thinking and
some do not. The important point here is that students at this age level (16-18) have
already developed their cognitive thinking skills; they are expected to be thinking
formally and should be able to work with images and abstract representations.
Teachers need to realize that a student with low logical thinking skills may
experience problems understanding kinematics graphs. This student may need extra
help to move to an upper level of logical thinking to understand the kinematics
graphs.

Kinematics is generally taught in one of three ways: using kinematics formulas,
using kinematics graphs, or using a combination of kinematics formulas and graphs.
It is very important to determine the differential characteristics of these three
instructional techniques and the resulting understanding of kinematics graphs. The
results of such study can be used to improve curriculum materials such as textbooks,
instructional techniques, instructional sequences, and the connections between the
mathematics concepts of slope and area under a graph and the physics concepts of
time, position, velocity, and acceleration.
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Ogrencilerin Mantikl1 Diigsiinme, Cinsiyet ve Kinematik Grafiklerini
Yorumla Yetenekleri Arasindaki Iligkiler

(Ozet)

Problem Durumu

Kinematik konusu fizikte grafiklerin en sik kullanildig: konulardan birisidir. Bunun
yaru sira kinematik konusu ¢ok sayida matematiksel formiil icermektedir. Geleneksel
egitim sisteminde ogrenciler genellikle soyut olan bu formiilleri kullanarak
problemleri ¢ozmeye ¢alismaktadirlar. Ote yandan, kinematik problemleri formiil
kullanmak yerine aslinda grafikler yardimiyla ¢oziilebilirler. Bu ¢alismada ad1 gegen
kinematik grafikleri konum-zaman (p-t), hiz-zaman (v-t), ve ivme-zaman (a-t)
grafikleridir. Belirtilen kinematik grafiklerini dogru ¢izmek ve dogru yorumlamak
¢ok onemlidir. (")rnegin hiz-zaman grafiginde egri altinda kalan alan yer degistirmeyi
verirken, egrinin egimi hesaplandiginda ivme degeri bulunacaktir. Grafikler soyut
oldugundan dolay1 6grencilerin bunlar1 anlayabilmesi i¢in Piaget nin belirlemis
oldugu bicimsel islemleri yapabilme asamasinda olmalar1 gerekmektedir. Bu
calismada yer alan 6grenciler 16-18 yas arasinda olup Piaget nin bicimsel islemler
icin belirlemis oldugu yas smirindadirlar. Bu alanda yapilan ¢alismalar mantikl
diistinme ile grafik yorumlamalarini genel olarak ele alirken, bu ¢alisma 6zellikle
kinematik grafiklerinin mantikli diisiinme ile ilgili baglantisini ele almistir.

Arastirmanmin Amact

Bu arastirmanin temel amaci lise 12. smuf fizik 6grencilerinin mantikli diistinme
yetenekleri, cinsiyetleri ve kinematik grafiklerini yorumlama yetenekleri arasimndaki
iliskileri arastirmaktir. Bu baglamda, mantikli diisiinmenin ve kinematik
grafiklerinin bagl oldugu muhtemel degiskenleri tespit etmek ve bu degiskenler
arasindaki baglantilara bakmak 6nem arz etmektedir. Ayrica 6grencilerin kinematik
grafiklerini yorumlarken ne tiir zorluklarla karsilastiklari veya ne tiir yanilgilara
sahip olduklar: da 6nemlidir.
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Arastirmanin Yontemi

Bu ¢alisma lise 12. sinifta okuyan ve fizik dersi alan 40 erkek ve 32 kiz olmak {izere
toplam 72 6grenci ile yapilmistir. Veriler Test of Understanding Graphs-Kinematics
(TUG-K), ve Middle Grades Integrated Process Skill Test (MIPT) testleri uygulanarak
toplanmistir. Bu calismanin arastirma yontemini korelasyonal arastirma tasarimi
olusturmaktadir. Faktor analizi yapilarak MIPT ve TUG-K igin ana bilesenler tespit
edilmistir. Bu ana bilesenlerin ©6nceki c¢alismalarda bulunan ana bilesenlerle
farkliliklar1 ortaya konulmustur. Ayrica her test icin giivenilirlik analizi yapilmustir.
Bunlara ek olarak, betimleyici istatistik, korelasyon, ve ileri-coklu lineer regresyon
analizleri kullanilmistir.

Arastrrmavun Bulgulan

Faktor analizi sonucunda MIPT ve TUG-K testleri ig¢in ikiser adet ana bilesen
bulunmustur. MIPT i¢in metin bilgilerinin islenmesi ile baglantili olarak MIPT: text
ana bileseni tespit edilmistir. Grafik, veri tablosu gibi simgesel bilgilerin islenmesi
icin ise MIPT: symbolic ana bileseni bulunmustur. TUG-K igin ise kinematik
grafiginde egimin hesaplanmasi ve yorumlanmasi ile ilgili olarak TUG-K: slope ve
alanin hesaplanmasi ve yorumlanmasi ile baglantili olarak TUG-K: area olmak {izere
iki ana bilesen tespit edilmistir. Bagimli degiskenler (TUG-K: slope ve TUG-K: area)
ile bagimsiz degiskenler (MIPT: text, MIPT: symbolic, ve cinsiyet) arasinda anlaml
korelasyonlar bulunmustur. fleri-coklu lineer regresyon analizi sonucunda MIPT:
symbolic, cinsiyet ve MIPT: text degisken grubunun TUG-K: slope icin en iyi tahmin
seti oldugu ortaya ¢ikmustir. Bu sonuca goére kinematik grafiklerinde egim hesabiyla
ilgili sorularn 6grencinin mantikli diisiinme yetenegi ve cinsiyetiyle baglantii
oldugu ortaya ¢ikmustir. Ote yandan, kinematik grafiklerinde alan hesabr igin
saptanan TUG-K: area degiskeni igin herhangi bir tahmin edici degisken
bulunamamuistir. Bunun en temel nedenlerinden birisi olarak TUG-K: area ile ilgili
soru sayisinin sadece bes soru ile sinirli olmasi gosterilebilir.

Arastirmarnn Sonuclart ve Onerileri

Sonuglar mantikli diisiinmede metin ve simgesel bilgilerin islenmesinin énemli rol
oynadigini ortaya koymaktadir. Ayrica 6grencilerin kinematik grafigindeki egim ve
alan1 nasil hesapladiklar1 ve yorumladiklar1 da kinematik grafiklerini anlamak
acisinda ¢ok oOnemlidir. Bu arastirma sonucuna gore O6grenciler kinematik
grafiklerinde egim hesaplarken alan hesabina gore daha cok zorlanmaktadirlar. Ote
yandan egim sorularini dogru yapanlarin alan sorularmi da dogru yaptiklar: tespit
edilmistir. Ayrica bazi1 6grenciler kinematik grafiginde alan m1 yoksa egim hesabimi
yapmalar: gerektigini tespit etmekte giicliik yasamaktadirlar. Son olarak daha once
yapilmis ¢ogu ¢alismada oldugu gibi 6grenciler grafigi, grafikten ok resim olarak
gormektedirler. Bunun en temel nedenlerinden birisi 6grencilerin kinematik grafigini
yorumlarken &zellikle y-ekseni {izerindeki degiskene dikkat etmemeleridir. Ornegin
x-eksenine paralel bir dogruyu 6grenci konum-zaman, hiz-zaman ve ivme-zaman
grafiklerinde ayni sekilde yorumlamaktadir. Cinsiyet faktérii ele alindiginda
kinematik grafiklerinde egim hesaplanmasi gerektiren sorularda erkek dgrencilerin
kiz dgrencilerden daha basarili olduklar: tespit edilmistir. Ote yandan alan hesab:
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gerektiren sorularda kiz ve erkek Ogrenciler arasmmda anlamli bir fark
bulunamamistir. Sonuglar kinematik grafiklerinin yorumlanmasinda mantikl
diistiinme yetenekleri yiiksek olan ogrencilerin diisiik olan 6grencilerden daha
basarili olduklarini ortaya koymustur.

Grafikler arasindaki gegisler dikkate alindiginda konum-zaman grafiginden hiz-
zaman grafigine ve hiz-zaman grafiginden ivme-zaman grafigine gecisin egim
hesabiyla oldugu bilinmektedir. Ote yandan ivme-zaman grafiginden hiz-zaman
grafigine ve hiz-zaman grafiginden konum-zaman grafigine gegis sirasinda egri
altinda kalan alan hesab1 yapilmaktadir. Bu calismanin sonuglar1 kinematik grafikleri
arasindaki gegisleri yaparken alan ve egim hesabinin 6nemini statiksel olarak ortaya
koymustur. Mevcut egitim sisteminde 6nce konum-zaman sonra hiz-zaman ve son
olarak ivme-zaman grafikleri 6gretilmektedir. Bunun basitten karmasiga dogru
giden bir siralama oldugu kabul edilmektedir. Ote yandan bu siralama takip
edildiginde egim hesabi yapilmaktadir ve bu ¢alismanin sonuglarina gore 6grenciler
egim hesab1 yaptiklarinda alan hesabma gore daha ¢ok zorlanmaktadirlar. Sonug
olarak bu siralamaya bir aciklik getirmek acisindan baska bir ¢alismanin yapilmasi
gerekli gortinmektedir.

Anahtar Sozciikler: Kinematik, grafikler, mantikli diistinme, fizik egitimi



