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Response to Reviewers

All changes in the new manuscript are marked with the control of changes

Reviewer 1 comments

Authors’ response

1. Given that the students come from multiple
classrooms in multiple schools and each class is
split among the two studies, it may help the
readers if the authors create a graphic showing
how the participant pool was created. This is just
an idea but perhaps the authors could show 5
circles representing the 5 schools. Inside each
school circle, a smaller circle or circles could be
drawn to indicate the class or classes that came
from that school. Each class circle could be
labeled as a primary or secondary classroom.
Each class circle could be further split with a line
and the number of students that were assigned
to study 1 and to study two could be labeled. I'm
not sure if this is helpful but | thought | would
suggest it as a way to help readers.

We considered that adding a graphic would not
help understand the sample, it may even add
more confusion.

We compared data between grades and between
schools and we did not find significant
differences. That’s why we decided not
differentiate schools and we pooled the groups
into primary and secondary.

2. Although | like the new headers in the
discussion, the second paragraph in the section
titled Differences in Graphing from a Provided
Table or from a Self-made Table seems to be
more about the lack of progression from primary
to secondary which seems like it would be a
more appropriate paragraph for the previous
section.

We agree that in the Section titled Differences in
Graphing from a Provided Table or from a Self-
made Table we talk about graphing performance
differences between educational levels. However,
we want to emphasize the idea that the
explanation for the differences can be found in
the condition (creating or intepreting a table). So
we think it is better not to move the text.

3. Minor issues

3. 1. Page 3 and page 8 - consider iterative
instead of "reiterative." | think of reiterate as
about saying something again versus iterate as
about doing something repeatedly.

Replaced

3.2. The last sentence on page 8 starts with "This
leads to think that providing..." How about "this
leads us to think"?

Replaced

3.3. Also in that last sentence on page 8,
"transform between different representational
displays" seems awkward. How about "iteratively
transform particular representational displays
into the other types of displays (lists, tables,
graphs, etc.)"?

Replaced

3.4. On page 11, do you mean that teachers
worked on tables for 3 to 6 lesson and graphs for
3 to 6 lessons or 3 to 6 lessons in total?

Clarified. The new text now reads: The time
devoted to activities related to both graphs and
tables ranged in total, from three to six class
sessions.

3.5. On the last two sentences on the last

III

No, the term “non canonical” is correct but we




paragraph on page 17, don't you mean deviated
from a canonical table?

have rewritten it to make it clearer

3.6. Extra period at end of first full sentence at
top of page 22
("?constructing bar graphs. .The nature?").

Removed

3.7. On page 25, which Appendix is being
referred to

Reference added

3.8. On page 25, it says "He drew seven bars,
including one for each gender at each of the four
height intervals." This would imply eight bars
rather than seven.

Explained in the new text

3.9. You might consider giving the Spanish word
and English translation for words contained in
samples of student work when described.

Translation from Catalan to English added for all
Figures

3.10. Near the top of page 35, in the sentence Changed
that says "but also, the must "sketch" something

"inside" the frame," change the to they

3.11. On pages 27, 42, 43 and 45, change the Changed

appendix seriation to A, B and C rather than 1, 2
and 3.




Reviewer 5 comments

Authors’ response

1. My primary concern still is that whatever is
published, it should not convey the conclusion
that by-hand graphing always must precede
graphing by tool. | think that such a conclusion is
an overgeneralization that is not a

finding of this study. Perhaps there's a way that
the editor can work with the authors' on the
language pertaining to this point to convey the
authors' point(s) without creating the impression
in the reader that by-hand always needs to occur
first.

To clarify this point, we have added a new
sentence. The new text reads:

“ With our results we do not aim to conclude that
by-hand graphing tasks should always precede
the construction of graphs using computer
spreadsheets. However, we think that by-hand
activities should not be neglected. We observed
how they help novice students explicit all the
steps involved in the process, and also, they can
help teachers identify their students’ main
difficulties. “

2. Some clarification of what those essential
decisions are would be helpful. Also, what is the
referent for they in "they are automatically
'drawn'?" Are the decisions "drawn," or are
conclusions drawn, or are graphs drawn?

A new text has been added to clarify this point
and illustrate it with an example

As we saw in the Results Section (Figure 7), from
Pat’s graph we can tell that she is able to identify
the frequencies for each gender in each interval.
She chooses to represent height in the y-axis and
frequencies in the x-axis. She draws vertical bars
rather than follow the convention of horizontal
bars for frequencies being represented in the x-
axis. Pat then has to choose a single value within
the given interval to mark it in the y-axis. Also
along the process, Pat probably realizes that she
needs to represent frequencies clearer, and she
decides to add them inside the bars. Also, she has
to take the decision of representing gender, and
for that, she splits the x-axis frame into two
halves, one for each gender value. She does not
use the convention of the legend to integrate a
second variable (gender) in the graph, either. In
contrast, when students like Pat are asked to do
the same task using a spreadsheet, they choose
the axes, label them, set the scaling, and the
“sketch” is drawn automatically from the table
provided. The steps illustrated above in Pat’s
example are essential decisions that are not
made explicit when students use a spreadsheet;
they are automatically “drawn”.

The text above refers to the text in the Results
Section, in page 26, that adds more detail to
understand Pat’s example

“The values of the y-axis match the size of the
bars, which represent approximate values for
height intervals; for instance, to represent the




interval “more than 169 cm”, Pat marked 170 in
the y-axis. Regarding the x-axis, she split it into
two halves, the left one for boys and the right
one for girls, and scaled each half from 0 to 50
(the maximum frequency in the provided Table is
51). Also, she placed the bars in the
corresponding x-value (except for the last
column, that should be in x=6), and she decided
to write the frequencies with the specific gender
inside the bars (the first bar reads “23 boys of
more than 169” at the y-value of 170; the second,
“40 boys between 130 and 149” at the y-value of
135; the third, it repeats “23 boys of more than
169” at the y-value of 150; the fourth, “16 girls”
at the y-value of 30; the fifth, “20” at the y-value
of 5; the sixth includes an error in the interval
limits, “51 girls from 159 to 159” at the y-value of
157; and the eighth bar, at the y-value of 170, it
reads 6 girls of more than 169”). We observe
several inconsistencies in the representation that
show Pat’s struggle with data representation in
spite of her signs of good table interpretation.
She missed to represent frequencies in the height
interval of 150-169 cm, for boys and girls
respectively. She also missed to represent the
value of frequency “0” for boys smaller than 130
cm. In contrast, Pat repeated the data in bar 1
and bar 3. She misplaced the value of 6 for the
frequency of girls “taller than 169 cm”. She
indicated a frequency of 16 at the y-value of 30
instead of 130”. And finally, there is a value of 20
in the fifth bar difficult to interpret. These results
reveal Pat’s struggle with the representation in a
bar graph of the data provided in the Table.

3. The real issue, | think, is that there is a
potential difference between asking, "how many
boys and how many girls are shorter than 130
cm" and "how many boys are shorter than 130
cm and how many girls are shorter than 130 cm.'
The latter suggests separate attention to the
boys and the girls; the former (used in the study)
might suggest lumping together both genders
into a total number that were shorter than 130
cm.

So, | believe that some acknowledgement of the
role of the task wording would be informative to
the reader.

We have added a new sentence that
acknowledges the ambiguity in the task prompt in
page 33:

“The first three seemed to be influenced by the
understanding of the data prior organization in a
provided table, whereas the legend was difficult
even with data already organized in a table.
Nonetheless we are aware of the fact that
differences for gender differentiation could be
explained by slight ambiguity in the wording of
the task prompt in the make-table condition. If it
had explicitly repeated: “how many boys are
shorter than 130 cm and how many girls are
shorter than 130 cm” instead of “how many boys




and how many girls are shorter than 130 cm",
frequencies for gender differentiation in the
make-table condition might have been higher.”

4. | have a fourth point, but it is not an
outgrowth of the previous round of reviews, it is
something that | noticed in reviewing the article
this time. There are a large number of chi-square
tests conducted (over 60, | believe). When one
conducts 100 tests using the .05 level of
significance, one can expect, on average, 5 to be
significant by chance. Conducting 60 tests at the
.05 level can, on average, lead to 3 significant
results being significant by chance alone. | do not
think that it would be appropriate to have the
authors revise all the tables and text to use a
.001 significance level, but it might be
appropriate to note that, given the number of
tests, one might expect that several are
significant by chance and not due to inherent
differences in the study's conditions that are
being compared

We have added a note (iii) in page 18, that
acknowledges it:

Given the total number of tests, one might expect
that several are significant by chance. However,
most of the results are significant at .001 level.
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5t through 8" Grade Students’ Difficulties in Constructing Bar Graphs: Data

Organization, Data Aggregation and Integration of a Second Variable

Abstract
Studies that consider the displays that students create to organize data are not common
in the literature. This paper compares 5™ through 8" graders’ difficulties with the
creation of bar graphs constructed using either raw data (Study 1, n=155) or a
provided table (Study 2, n=152). Data in Study 1 showed statistical differences for the
type of data organization but not for grade level. Students’ primary problem was
choosing a format that integrated a second variable and aggregating data. In contrast,
when the table was provided (Study 2), we observed that 7"-8" graders outperformed
56" graders. We interpret these results in terms of older students’ better data
interpretation competence. We conclude that students’ difficulties in bar graphing can
be traced to their tabulation processes. Data organization is an essential bridging tool
for understanding the essence of the data and representing them graphically, and

educators should devote to it the attention it deserves

Keywords: bar graphs, table construction, table interpretation, data aggregation,
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The ability to identify and use information that is presented in various formats,
such as graphs and tables, has become a crucial skill in not only science and
mathematics learning (diSessa, 2004; Latour, 1990; Lemke, 2002; Petrosino, 2003)
but also understanding the statistical data encountered in everyday life (Franklin, et al.,
2007). Consequently, one of the outstanding challenges of compulsory education
throughout the world is to foster the skills that are necessary for the use of information
that is presented graphically.

Our perspective on representational phenomena follows Kaput’s general
correspondence model (1998): any representation supposes a correspondence (a
referential relation) between two entities that an actor or observer elaborates. This
perspective differs from other authors, such as Nemirovsky, Tierney, and Wright
(1998), who maintain that symbols are not frequently experientially distinguished
from referents. We follow Kaput’s correspondence model because it allows analyzing
the way subjects construct the relation between the referent and the referee. We think
that this relation is fundamental in any representational behavior (symbolic play,
linguistic, graphical, notational, etc.). Kaput’s model fits with a central aim of our
study: to consider how actors (students, in our case) elaborate or “construct” this
referential relationship. In the case of graphs, some relevant aspects are stated as
follows.

First, graphs are external representations, that is, material objects with a set of
specific graphic features. External representation cannot to be confused with internal
representation, the corresponding hypothesized mental construct (Kaput, 1998; Marti
& Pozo, 2000; Tolchinsky, 2003). Our view is that in the process of interpreting and
constructing a graph, students construct dynamic and reciprocal relationships between

internal and external representations. This dialogue between internal and external



representations is visualized in the main difficulties students experience in the process
of constructing a graph. For this reason, we address this process in the present study.

Second, experiences with external representations, especially when students have
to construct them, suppose an iterative reiterative- process of transformation between
different external representations (Duval, 1995) (for example, between written lists of
information, ordered lists, tables and graphs). For this reason, in this study, we
emphasize the study of the relationships between lists, tables and graphs.

Finally, graphs, like most external representations, are social objects that follow
conventional rules of meaning (see below for a specific analysis of the rules that apply
to graphs). In this sense, the appropriation of a graph implies a mediated educational
activity. Accordingly, the present study addresses grade level to control for the role of
general education in graph competence.

Research on Graphing Difficulties

Analyses of students’ graphing techniques have been common in the science
and mathematics education literature of the last two decades (Friel, Curcio, & Bright,
2001; Janvier, 1987; Leinhardt, Zaslavsky, & Stein, 1990; Postigo & Pozo, 2004; Shah
& Hoeffner, 2002; Watson & Fitzallen, 2010). However, research has investigated
children’s construction of graphs less frequently (diSessa, 2004; Nemirovsky, Tierney,
& Wright, 1998; Watson & Fitzallen, 2010), and research devoted to bar graphs is
even less common (Aberg-Bengtsson, 2006; Lehrer & Schauble, 2000, 2007; Lehrer
& Romberg, 1996; Watson & Moritz, 2000, 2001; Wu & Krajcik, 2006).

Kosslyn (1989, 2006) addressed the analysis of graphs from a cognitive
perspective. He conducted a perceptual analysis of the issues that must be taken into
account in graph construction to communicate the information effectively. As Kosslyn

put it (2006, p.23): “All graphs, no matter how different individual examples may



look, are created from the same components. Typically, they have three primary
elements: the framework, the specifier, and the labels.” The framework sets the stage,
indicating the measures of the independent and the dependent variables. The specifiers
are the lines, bars, point symbols, or other marks that specify particular relationships
among the things represented by the framework. They map parts of the framework and
are often based on a pair of values (i.e., the bar on a bar graph). On the other hand,
labels in the form of letters, words, or pictures convey the framework or specifier
information. For instance, each leg of the framework bears a label naming the
variables (both dependent and independent). Thus, graphing requires not only an
understanding of each of the components but also a style of organization that
facilitates our seeing the relationships among them (Kosslyn, 2006).

Accordingly, research in the field of mathematics education has determined that
graphing includes the processes of axes selection and labeling, scaling, unit
identification, and plotting in Cartesian space (Leinhardt, et al., 1990; Parmar &
Signer, 2005; Rangecroft, 1991). As Leinhardt, et al. (1990) reported, the most
difficult step in graph construction is establishing the axes and scales with the
appropriate labels (i.e., in Kosslyn’s terms, establishing the relationship between the
graph’s components). We agree that the creation and labeling of appropriate axes and
scales are important parts of the process of bar graph construction, but Kosslyn (2006)
states that it is essential to understand the interrelated connections between single
constituents (framework, specifier, and labels) before putting them together to choose
the most suitable one for each particular set of data. We need to understand “how well
each mark specifies particular relations among the things being represented by the
framework” (Kosslyn, 2006, p.24). For this purpose, preliminary forms of data

organization are essential in graphing because they allow students to organize raw data



before creating plots, facilitating their understanding of the types of variables with
which they are working and their selection of the type of plot that is most appropriate
for the data (Friel, et al., 2001). Considering Kaput’s (1998) correspondence model,
this process of organization of data show the progressive construction of the
referential relationship between data and graphing representation.

More specifically, regarding bar graphs, these are considered a particular way to
represent information. They are defined as data displays that illustrate data using
blocks (bars) and involve the use of equal-width class intervals (Friel, et al., 2001).
Bars indicate frequencies and are read on the vertical scale. Aberg-Bengtssom (2006)
performed qualitative analyses of the bar and pie graphs constructed by 7- to 12-year-
old students using Microsoft Excel with guidance. This author reported that even the
youngest students demonstrated excellent performance in representing frequencies
graphically. Aberg-Bengtsson (2006) did not report difficulties with data organization
on the two axes or with crossing the variables when two variables were to be
represented in the graph. To explain the high performance of her students, Aberg-
Bengtsson (2006) acknowledged the influence of the students’ prior work with
computer spreadsheets on their manual design of bar graphs, particularly when the
students were guided appropriately. Furthermore, Ainley, Nardy, and Pratt (2000),
using an instructional approach that includes computerized activities, showed that
children as young as 8 and 9 years old were able to use and interpret graphs, including
extrapolating and interpolating data. However, as they highlight, the skills related to
the construction of graphs, such as scaling axes and plotting points accurately, were
not observed as students’ strengths. We hypothesize that the early grade-school
students in Aberg-Bengtsson’s study (2006) and the study by Ainley, et al. (2000),

performed impressively because the data were already displayed and organized in a



table, and thus, some important graphic decisions had already been made. Because
these decisions had already been made, graphing became an easier task for the
students. Ainley, et al. (2000) highlight the fact that “in using spreadsheets, organizing
the layout of data on the spreadsheet so that it can be graphed efficiently emerges as
an important analytic skill” (Ainley, Nardy, & Pratt, 2000, p.6). Our claim is that,
regardless of whether the task is completed with a computer or by hand, data
organization skills and an understanding of structure are essential for graphing.

Aligning with this claim, Lehrer and Schauble (2000, 2007) analyzed students’
progress in creating graphs from a modeling perspective by integrating science
learning and the development of inscriptional competence. Lehrer and Schauble (2000,
2007) explored ways in which children learn to use new mathematical resources to
understand science, especially through “the development, evaluation and revision of
models” (p.151). They showed the close relationship between structuring and
displaying data and argue that structure is constructed, not inherent. In a long-term
classroom study of elementary school students, the authors demonstrated that students’
difficulties in constructing bar graphs were associated with their resistance to data
abstraction, the avoidance of literality, and the removal of redundant information.
Grouping data appropriately to create a graph was a source of difficulty prior to
creating the bar graphs. In their analysis, the authors explained that children must do
the following:

...shift their attention beyond particular cases to consider aggregates

(i.e., distributions) of objects, while continuing to maintain a sense of

the relation between individual cases and the aggregate. A coordination

that can be a quite conceptual challenge that ends up by developing



attributes and conventions of data displays (Lehrer & Schauble, 2000,

p. 113).

Similarly, Wu and Krajcik (2006) examined the progression of graphing
competence when students were asked to create a graph using raw, self-collected data
during a case study conducted in a science class that allowed students to utilize their
own inscriptional practices. These authors also demonstrated that the greatest
difficulty in constructing a bar graph lies in the organization of the data into a form
that can be represented in the coordinate system and properly aggregated and
organized. This organization requires (1) crossing of the variables and (2) aggregation
of the resulting values after the variables have been crossed; these steps also
correspond to the two basic steps of constructing a frequency table. The authors
mention the crucial importance of supporting these particular steps in the graphing
process. The studies of Lehrer and Schauble (2000) and Wu and Krajcik (2006) are
thus relevant to ours because they describe the difficulties that students experience
when organizing data for proper graph creation (in Kaput’s model terminology, the
construction of the referential relationship between data and its graphic
representation). However, the reported studies did not test the hypothesized role of
expertise in organizing data into tables when constructing bar graphs by means of an
experimental design and the current study aims to do precisely this. In the next
section, we present theoretical work on the role of tables in graphing.

Tables and Their Role in Graphing

Bertin’s matrix theory (2000/2001) presents a semiotic analysis of the
properties of data tabulation and graphing and their role in describing relationships
among data. He clearly established that tables are prerequisites for graphing. A table

allows certain reordering and classification operations to be performed and a double-



entry structure to be applied to the data; essentially, tables cross-classify items (Marti,
2008). In a double-entry structure, the values of one variable are shared with the
values of another variable, and these values are expressed in the cells that are
generated during the cross-tabulation (Duval, 2003; Novick & Hurley, 2001; Piaget &
Inhelder, 1967; Tversky, Kugelmass, & Winter, 1991). These features are essential to
the process of building a table and, consequently, the graphing process. Consistent
with Bertin (2000/2001), Friel, et al. (2001) made the following claim:

Tables appear to be used in two ways. One way is as a type of data

display. Tables may also be used for organizing information as an

intermediate step to creating graphical representations. The graph

maker may need to organize data in tables (e.g., frequency tables)

before graphs can be made (p. 127).

Bertin’s theoretical analysis (2000/2001) demonstrated that tables are essential for

bar graphing. However, very few researchers have addressed the difficulties that
emerge when students must organize data in tabular forms (Brizuela & Lara-Roth,

2002; Marti, 2008; Novick & Hurley, 2001; Marti, Garcia-Mila, Gabucio, &

Konstantinidou, 2011). These authors have obtained results that indicate that table
construction is a cognitively demanding process, especially for novices. On the other
hand, there is some research in the field of mathematics education that shows that
cognitive ability such as abstract-reasoning shows a significant relationship with
graphing ability among 7th, 9th, and 11th graders (Berg & Phillips, 1994;
Dillashaw & Okey, 1980; Padilla, McKenzie, & Shaw, 1986). In contrast, Roth
and McGinn (1997), studying graphing as practice, suggested the lack of
competence being explained in terms of “experience and degree of participation

rather than exclusively in terms of cognitive ability” (p. 92). This leads_us to think



that providing opportunities to iteratively transform particular representational

displays into the other types of displays (lists, tables, graphs, etc.reiteratively

(Duval, 1995) and progressively organize raw data graphically (English, 2012) may
elicit students’ competence.

The aims of the present research wit-beare pursued by addressing three
research goals:

(1) Trace the main difficulties faced by middle school students in creating bar
graphs to the students’ level of expertise in formatting data into tables (Study 1).

(2) Analyze how these difficulties change across grade levels (Study 1). We
chose to compare upper primary school students (fifth and sixth grades) with lower
secondary school students (seventh and eighth grades) with the assumption that the
change in the difficulties in graphing performance might be explained by general
expertise in data manipulation and data formatting acquired through general
instruction.

(3) Compare the prior graphing difficulties with those encountered by the
students when they are provided with data in table form (Study 2).

Study 1. The Construction of a Graph Based on the Construction of a Table

As cognitive tools, tables assist us in organizing and grouping data effectively
to ensure that the data are better understood and represented. By asking students to
construct a table using a list of data that they will subsequently use to create a bar
graph, we were able to analyze the relationship between the types of tables constructed
and the resulting graphs.

Method
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Design and participants. A cross-sectional design including one between-
subject factor was used in the analysis. The dependent variable was the students’
performance in constructing a graph. The factor was the student’s educational level,
which was one of two levels: 1) primary education (fifth- and sixth-grade students)
and 2) secondary education (seventh- and eighth-grade students). We chose to
compare upper primary school students with lower secondary school students because
according to general patterns in educational systems (Watson & Fitzallen, 2010), the
transfer from primary to secondary education implies the implementation of curricular
changes in the manner in which tables and graphing are addressed. At both levels, a
basic competence is the management of various forms of data organization, although
the perspective differs. In the Spanish educational system, in primary education, this
general aim appears to be broadly explicated in the mathematics curriculum,
specifically in the area of “managing information: probability and randomness.” In
contrast, in secondary education, two blocks of mathematics content (“functions and
graphs” and “statistics and probability”) clearly refer to activities concerning the
interpretation (but not the construction) of tables and bar graphs.*

Beyond general education regulation, to know more about whether and how
the participants’ teachers in the schools taught tables and graphs content, we gave
them a written questionnaire with the following questions: (1) Have you explicitly
taught your students how to construct a double entry table/ a bar graph? (2) Before we
handed out the task to your students did you work on any activity that specifically
referred to learning how to construct bar graphs / tables? (3) How much time did you
approximately spend teaching these activities? (4) Did you hand out activities that

involved the use of tables or graphs already constructed? (5) Do you use the textbook

! Spanish National Curriculum for School Mathematics.
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as a reference for teaching content? What textbook do you use? Do you use
complementary material? The questionnaire was answered by 11 teachers (5 primary
and 6 secondary). We conclude that most of the teachers addressed the teaching of
tables through examples and exercises for which the table was a means to reach
another goal. None of them explicitly explained how to construct tables. Answers for
graphs were similar to tables. The time devoted to activities related to both graphs and

tables ranged in total from three to six class sessions. Finally, all teachers relied on

their textbooks to draw examples and exercises from, and two of them mentioned the
use of complementary material mostly taken from newspapers (one primary school
and one secondary school). We reviewed the textbooks used and they all included
tables and graphs but we did not observe any explicit teaching on how to construct or
interpret them. They were treated as complementary data or as exercises whose
solution required the construction or the interpretation of a table or a graph.

The study sample included 155 students drawn from the five public schools
located in the same middle class neighborhood in Barcelona (Spain). Students were
located at one of two educational levels: there were 71 primary school students (mean
age = 10.8, range = 10.0-11.2) and 84 secondary school students (mean age = 13.7,
range = 12.3-14.4). Since the task was presented as a regular activity related to the
curriculum, all students in the mathematics class participated in the study.

Procedure and materials. The data were gathered in a classroom setting.
Students worked individually. The time devoted to the task was one class session (55
minutes) during the second semester of the school year. They were provided with an
answer booklet that outlined the specific instructions (see below), along with a general
explanation to contextualize the task. The answer booklet consisted of three pages

containing descriptive headings: a page for the table, a page for the graph, and a third
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page to be used as scratch paper. The data sheet with a list of 25 names, the ordinal
number of students in the class, and the ages and heights of these students was added
as a separate sheet of paper (see the list in Appendix A). The content of the data used
in the assignment was sufficiently simple to limit the confounding effect of students’
lack of understanding of the data on their ability to plot them (Gerber, Boulton-Lewis,
& Bruce, 1995). Students were told that they could ask the experimenter any question
they might have on the material. Their own teachers were in the class with the
experimenter. The specific instructions in the material provided were as follows:

Students from another school have gathered the following data (see the

list). With these data, you should (1) create a TABLE and (2) create a

GRAPH to show how many boys and how many girls are shorter than

130 cm, how many are between 130 and 149 cm, how many are

between 150 and 169 cm, and how many are taller than 169 cm.

Scoring. According to several authors (Friel, et al., 2001; Klass, 2012), the most
appropriate format for the type of data (a list of individuals who indicated gender and
height) and the type of demand (how many boys and girls are taller than...) was the
bar graph. According to Klass (2012), pie charts are used to represent the distribution
of the categorical components of a single variable. As a general rule, pie charts should
be used rarely, if at all, for comparing two or more variables. Given that each variable
is represented by a pie, the reader is forced to draw comparisons across the two pie
charts, and it is more difficult for the eye to discern the relative size of pie slices than
it is to assess relative bar length.

Graphing performance was coded according to the criteria that were
determined to be relevant in the literature review. We integrated Kosslyn’s (2006)

proposal that there are three main components of graphing (framework, specifier and
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labels) with the definition of bar graphs by Friel, et al. (2001) and the analysis of
Cartesian graphs by Leinhardt, et al. (1990). The first criterion, format, corresponds to
Kosslyn’s framework concept (whether students represented height and frequencies on
the y- and x-axes, respectively). The second and third criteria (gender differentiation
and gender integration, respectively) are based on Kosslyn’s concept of the specifier.
In addition, the analysis of bar graphs by Friel, et al. (2001) suggests using bar graphs
to represent the relationship between two categorical variables. Again, the analyses of
Cartesian graphs by Kosslyn (2006) and Leinhardt, et al. (1990) inspired the fourth
criterion (labeling the second variable with the legend) and the seventh and eighth
criteria for axes (x and y) labeling. Finally, the fifth (coherence between what the
participants represented and the labels that they used) and the sixth criteria (the scaling
of the measures on the axes) were based on the need to measure the relationship
between the components described above see the detailed coding rubrics for the bar
graph in Appendix B).

Results and Discussion

Because participants were not specifically asked to construct a bar graph (see
the task above), the students could choose the format that they believed was the best
way to represent the data. This situation allows us to analyze the degree to which the
students understood the correspondence between the nature of the data and the method
of representing these data (Klass, 2012).

Thus, prior to analyzing the students’ specific difficulties with bar graphs, we
examined the formats that the students selected to represent data involving frequencies
that cross two variables. As indicated in Table 1, half of the students chose to create a
bar graph (50.7% of primary school students and 51.2% of secondary school students).

The distribution of the other half of the students was as follows. Among the primary
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school students, 25.3% (18 out of 71) submitted blank answer sheets and 23.9% (17
out of 71) chose a format other than a bar graph. Among the secondary school
students, 40.4% (34 out of 71) submitted blank answer sheets, and 8.3% (7 out of 84)
chose a format other than the bar graph. We will return to the students who left the
answer sheet blank in the next section. The formats chosen were pie charts (6 primary
students and 4 secondary students), tables (4 primary students and 2 secondary
students) and lists, text, or drawings (7 primary students and 1 secondary student).
Insert Table 1 about here

To examine the first research objective, which is the analysis of the students’
difficulties in constructing bar graphs, we included in the analysis only the students
who constructed a Cartesian graph in applying the scoring rubrics. Thus, the final
sample consisted of 79 students (36 primary school students and 43 secondary school
students; see Table 1). All of the student productions were double coded, and the inter-
coder reliability was 90%. Discrepancies were resolved through discussion.

For the present task, the specific goals were to create (1) a TABLE and (2) a
GRAPH to show how many boys and how many girls are shorter than.... Thus, an
understanding of the goal implies a solid understanding of the data according to the
two variables gender and height intervals and the ability to choose the framework and
the specifier for easily answering the question.

By examining the frequencies with which the students’ graphs satisfied each of
the listed criteria we can identify the most common difficulties that the students
encountered in creating bar graphs. The results in Table 2 indicate the frequency
distribution and the statistical comparisons of the two educational levels. We found
that none of the frequency comparisons yielded significant differences between the

two groups (primary and secondary students). We also observed that gender
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integration and legend were the least satisfied criteria (less than 40% in both groups).
These criteria were followed by the format, gender differentiation and scaling criteria,
which were satisfied in approximately 70% of the graphs. Finally, the criterion of
coherence between the representation and the labeling of the two axes was satisfied by
approximately 90% of the students (see Table 2).
Insert Table 2 about here

These results provide an answer to the differences by grade level. Nearly all
students at both educational levels correctly labeled the axes on their graphs, and more
than three-quarters of the students designed graphs with the correct scaling and
represented the data coherently in terms of labeling. Unexpectedly, we did not observe
significant differences between educational levels for any criteria, regardless of the
difficulty associated. We found that general education did not appear to affect the
students’ competency in graphing.

Analysis of graphs created according to the tables constructed. To explain
this lack of a difference between educational levels, we hypothesize that the ability to
format the data properly prior to the creation of a bar graph might be a stronger factor
that interfered with the potential effect of general education. Thus we argue that the
students who understood and formatted the data correctly in table form exhibited no
difficulties with the representation of data in bar graphs.

The design of the study allowed us to trace the students’ graphing competence to
the nature of the tables that they created prior to making their graphs. To this end, this
section defines the types of tables used. Based on prior theoretical analyses (Duval,
2003; Novick & Hurley, 2001; Tversky, et al., 1991), we categorized the tables
produced by the students according to whether they showed a double-entry structure

with frequencies (for a thorough analysis of students’ tables, see Marti, et al., 2011).




16

Tables were coded as (1) the double-entry structure with frequencies when they
showed one of the variables displayed along the horizontal dimension and the other in
the vertical dimension, and (2) with frequencies if the cells were filled with the
frequencies corresponding to the values resulting from the cross tabulation (see Figure
1). For the sake of simplicity from now on we will refer to these tables with the label
of canonical and those that do not satisfy either one or both conditions, will be labeled
as non-canonical. Examples of non-canonical tables that do not satisfy the first
condition include single or double lists that are either unorganized or organized

according to height, gender (“nens” for boys and “nenes” for girls), or both and single

lists organized according to both height and gender but lacking frequencies. Other
examples of non-canonical tables that do not satisfy the second condition include
double-entry cell structures that contain the names or heights of students or that simply
display crossed cells rather than displaying frequencies [see Figure 2(a)]".
Insert Figure 1 about here
Insert Figures 2(a) and 2(b) about here

It was hypothesized that canonical tables would enable students to organize
data effectively and allow for the easy transfer of the data into a graph. Of the 36
primary school students, 18 created non-canonical tables and 18 created canonical
tables. Among the 43 secondary school students, 29 created non-canonical tables and
14 created canonical tables. Here, we want to add a note regarding those students who
might partially understand the data but do not succeed in organizing them according to
conventional practices. In order to consider the students with partial understanding, we
include a qualitative analysis that looks at two subcategories within the non-canonical
group: those whose tables only satisfied the first condition (double entry structure but

no frequencies), and those whose tables only satisfied the second condition (indicated



17

frequencies but did not organize the data in a double entry display) and we further
look at the type of graph they created. The graphs of the first subgroup were: 19 cases

(see Figure 2a and 4a for examples. The heading of the table in Figure 4a shows

Catalan labels: “nom” for name, “cognom” for last name, “sexe” for sex, and “mida”

for height measure) in which students wrote all the names of the cases for each height

interval in the cell that resulted from the cross tabulation of data; 8 cases who left the
answer sheet blank; 6 cases had a format that did not respond to the task, and 5 had a
format with frequencies and the variable gender integrated in the bar graph, for which
we assume they had to count the cases in their table cells. The graphs of the second
subgroup, those who made a table indicating frequencies without a double entry
structure, were less frequent. There were six participants, two of them did not make
any graph, two of them made a graph without indicating only heights but no gender,
and finally, two of them made two separate bar graphs one for each gender. From
these results we can conclude that the understanding of the double entry structure is
essential for bar graphing far more than data aggregation into frequencies. In the
former case, students can count the cases in the cells and represent them accordingly,
while the reverse does not apply: displays with frequencies without the double entry
structure shows a much poorer understanding.

Finally, we want to add a comment on the blank sheet answers. The analysis of
the tables that the students constructed for later data plotting allowed us to trace the
types of tables that the students who left their answer sheets blank constructed. With
the exception of 2 students, all of the primary school students who left the answer
sheet blank deviated-departed from a non-canonical table. Similarly, of the 34
secondary students who left the answer sheet blank, 29 deviated-departed from a non-

canonical table and only 5 constructed a canonical one.
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In the next analysis, we examine the percentages of student graphs that
satisfied the criteria according to the type of table constructed. The frequencies and
percentages are presented in Table 3 and Figure 3. Table 4 shows the statistical
analyses comparing the frequencies (and percentages) between educational levels for
each table-group (canonical and non-canonical) and Table 5 shows the statistical
analysis comparing the frequencies (and percentages) according to the type of table for
each educational level. Given that the data were not normally distributed we
performed nonparametric tests'".

Insert Table 3 about here
Insert Table 4 about here
Insert Table 5 about here
Insert Figure 3 about here

We observe in Figure 3 that the students who experienced the greatest
difficulties were those who created a non-canonical table prior to creating their graphs.
Although, as shown in Table 4 and Figure 3, none of the criteria comparisons between
educational levels for each table-group (non-canonical and canonical) was statistically
significant, when we compared frequencies according to the type of table constructed
(Table 5), we observed that in contrast to those who constructed a non-canonical table,
the corresponding frequencies of those who created canonical tables increased
significantly for both educational levels: format [primary education: ¥2 (1)=18, p=.001
and secondary education: 2 (1)=11.1, p=.001]; gender differentiation [primary
education: 42 (1)=12, p=.001 and secondary education: y2 (1)=12.9, p=.001]; gender
integration [primary education: 2 (1)=7.5, p=.006 and secondary education: 2 (1)=
6.5, p=.011]; legend [primary education: 2 (1)=16.8, p=.001 and secondary

education: 2 (1)= 6.0, p=.014]; and scaling [primary education: 2 (1)=6.4, p=.01 and
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secondary education: y2 (1)=4.7, p=.031]. In contrast, the coherence criterion showed
significant differences only for primary education due to the fact that the canonical
group showed a percentage of 100% (18/18), x2 (1)=4.8, p=.030. Finally, the type of
table constructed did not show any effect on axes labeling, percentages were over 90%
in both groups.

The frequencies of students’ graphs in the non-canonical group that satisfied
each particular criterion were low. The lowest frequencies were for gender integration
and legend. For gender integration, the frequency was 3 out of 18 (17%) for primary
school students and 4 out of 29 (14%) for secondary school students and, for legend,
the frequency was 1 out of 18 (5%) for primary school students and 3 out of 29 (10%)
for secondary school students. In contrast, the frequencies for format, gender
differentiation and scaling were slightly higher; they were 6 out of 18 (33%) for
format, 7 out of 18 (39%) for gender differentiation, and 9/18 (50%) in primary
education students. Similarly, for secondary education, the frequency for format was
14 out of 29 (48%), for gender differentiation was 10 out of 29 (34%) and that for
scaling was 15/29 (52%) (See Table 3 and Figure 3).

We find a great contrast when we compare these frequencies with the
frequencies of those who created canonical tables. The frequencies for format reached
100% at both educational levels (18/18 for primary school students and 14/14 for
secondary school students), and they were higher than 90% for gender differentiation
(17/18 for primary school students and 13/14 for secondary school students).
Additionally, following the same difficulty pattern as in the non-canonical group,
frequencies for gender integration and legend were slightly lower. For the former, the
frequency was 11 out of 18 (61%) for primary school students and 7 out of 14 (50%)

for secondary school students, the frequency for legend was 13 out of 18 (71%) for
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primary school students and 6 out of 14 (43%) for secondary school students. Finally,
the frequency for scaling was a little higher, 16/18 (89%) for primary students and
12/14 (86%) for secondary students.

Therefore, we again confirm that difficulty is associated with the integration of
the second variable in the graph (see Table 3), illustrated by the difficulty with the
criterion gender integration and, consequently, the legend criterion. Next, we illustrate
these figures using some of the students’ graphs and tables.

Qualitative analysis of the students’ graphs and tables. Figures 2(a) and
2(b) show the table and graph, respectively, constructed by Marta (a secondary school
student). Marta’s table contains the double-entry structure, but it does not display
frequencies and was thus coded as non-canonical. The table has one row for each
name on the data list, with the names being structured by gender, and the columns
include the four height intervals. This organization is a common practice that
demonstrates students’ resistance to the avoidance of literality and progression toward
abstraction (Lehrer & Schauble, 2007): the graph demonstrates a lack of abstraction
that prevents the use of frequencies; it only superficially resembles a bar graph and
shows no data aggregation. Instead, the x-axis contains all of the names of the students
on the data list structured into two gender categories, and the y-axis contains the four
height intervals. Gender is differentiated but not integrated; thus, there is no need for a
legend.

Similarly, Xenia’s table and graph are shown in Figures 4(a) and 4(b),
respectively. Xenia’s table is a double list of names structured by height, and gender is
marked as an added label in the third column. The higher literality of this table
deviates from the double-entry structure. The students know how tables should appear

and create formats that resemble them, but they fail to use the double entry and
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frequencies. Xenia’s and Marta’s tables demonstrate the same problem (the lack of

data aggregation into frequencies) in different manners. Xenia’s graph is structured

according to the names of the students on the data list (x-axis); thus, her graph

includes no data aggregation and, subsequently, includes no frequencies. Consistent

with their respective tables, Xenia’s graph is slightly more literal than Marta’s because

Xenia’s graph indicates specific heights for each name and resembles a scatter plot.
Insert Figures 4(a) and 4(b) about here

As explained in the discussion of coding criteria, the graph format must
include frequencies on either the y-axis or the x-axis and height intervals on the x-axis
or the y-axis. As indicated in Figures 2(b) and 4(b), a common error among students
who constructed graphs using non-canonical tables was the representation of the
heights of the students on the y-axis by drawing one bar for each student and placing
the names of the students on the x-axis, defined as the case-value plots, precursors of
bar-graphs that require neither data aggregation nor abstraction into frequencies
(Watson & Fitzallen, 2010). Eight primary and 11 secondary school students drew
graphs using this structure; all of these graphs belonged to the non-canonical group.
Thus, students demonstrated problems with the representation of frequencies on the y-
axis and exhibited a bias for concreteness by associating the variable of height on the
y-axis with the name of a student on the x-axis.

Difficulties differentiating gender were observed in the graphs created by
students who began with a non-canonical table. We observed different degrees of
gender differentiation. For instance, the graphs in Figure 2(b) and Figure 5 clearly
differentiate gender; however, they do not represent the integration of gender and
height. In both figures, the x-axis provides the names of the students, and the y-axis

shows the height intervals. Figure 5 presents the heights for each student and labels the
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y-axis using height intervals, whereas Figure 2(b) presents the students at each height
interval, which is closer to satisfying the format criterion.
Insert Figure 5 about here

These results provide answers to the two research questions that were posed in
this paper. Concerning the first question, our data confirm the hypothesis that the
primary difficulties encountered by the students in creating bar graphs were related to
difficulties in organizing the data in double-entry tables including frequencies. With
regard to the second research question, we have observed the lack of differences
among middle school educational levels in constructing bar graphs. The nature of the
tables that were constructed (canonical or non-canonical) was a much stronger factor
than educational level and led to graphs that differed clearly in quality. However,
although the students’ graphs may have satisfied the format criterion, even when they
chose not to create a canonical table, gender integration and legend appeared to be
difficult for many students.

Do these results confirm that students’ difficulties lie in the process of
constructing a table? Would the students’ difficulties in creating bar graphs change if
they were provided with data that were already in table form? In the next section, we
present a study in which we analyze whether the provision of data that are already in
table form affects students’ graphing performance.

Study 2. The Construction of a Graph Based on Data Provided in a Table
The third research question addresses the issue of whether the difficulties faced
by middle school students in creating bar graphs change when these students are
provided with data that are already in table form. That is, what (if any) of the

difficulties that were encountered in Study 1 persist when the data are already
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organized in table form, and what difficulties are reduced? The underlying hypothesis
is that table interpretation may be easier than table production.

Consequently, if certain graph criteria are satisfied differently when the
students are provided with a table, we can claim that tables provide information that
would otherwise be excessively difficult to process when students must construct such
a table themselves. This hypothesis is based on studies conducted in the fields of
language development (Clark, 1993) or literacy (Ferreiro & Teberosky, 1983), which
indicate that production is more difficult than interpretation
Method

Design and participants. The design for this study was identical to that of
Study 1. The dependent variable was the performance demonstrated by students in
constructing bar graphs, but in this study, the data were already organized in a table
that was provided to the students. A total of 152 students were selected from the same
schools used in Study 1. Students were also drawn from two educational levels: 68
primary school students (fifth and sixth grades; mean age = 10.9, range = 10.1-11.4)
and 84 secondary school students (seventh and eighth grades; mean age = 13.6, range
= 12.5-14.3). Similarly to Study 1, of these 152 students, the graphs produced by 23
students (14 primary school students and 9 secondary school students) were not
included in the analysis because they were in the form of a pie chart, a table, or text.
Additionally, 5 students in the primary education group and 2 in the secondary
education left the answer sheet blank. Therefore, data obtained from a total of 122
students were included in the analysis. The final sample consisted of 49 primary

school students and 73 secondary school students.
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Procedure and materials. The data were gathered in the classroom. We
provided the students with an answer booklet outlining the specific instructions (see
below):?

Look at the following table carefully. We want you to create a GRAPH

using this table so that it is easier to compare boys’ and girls’ heights:

Insert Table 6 about here
Results and Discussion

As in Study 1, we compared the frequencies with which the criteria were
satisfied by the graphs of the primary and secondary school students. In contrast to the
results of Study 1, we observed that the graphs of the secondary school students
outperformed those of the primary school students in terms of format [y2 (1) =6.2, p =
.014], gender integration [x2 (1) = 4.9, p =.027], legend [x2 (1) = 4.7, p = .029] and
coherence [y2 (1) =. 9.2, p =.002]. Almost all of the secondary school students made a
bar graph correctly in terms of format (97%), gender differentiation (92%), and
coherence (94%). Only half of them (53%) integrated gender and only one third
(33%) provided a legend. In contrast, 88% of primary school students created a graph
that satisfied the format criterion, only 33% integrated gender, very few (16%) used a
legend, and 73% represented and labeled coherently. It is interesting to note that,
almost all differentiated gender (94%) (See frequencies and percentages in Table 7).

Insert Table 7 about here

This lack of differences between educational levels regarding the gender
differentiation criterion is easily explained by the provided table’s explicit indication
of gender. Consequently, both primary and secondary students were able to use this
information to represent the data in the bar graph. However in contrast with secondary

students, primary students did not appear to be able to use other information implicit
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in the table, such as cross-tabulated frequencies, resulting in significant differences in
the chi-square analysis of format, gender integration and legend criteria. Thus, we
could hypothesize that the secondary school students’ expertise in interpreting tables
was higher.

Because the present study is part of a larger project that focuses on both graph
and table construction and interpretation, this hypothesis can be confirmed by means
of another set of data from the wider project. These data on graph interpretation were
gathered simultaneously with the data on graph construction by randomly splitting the
classes into three subgroups: the first group of participants was assigned to Study 1,
the second to Study 2 and finally, the third to a table interpretation task. Thus, with

this extra set of data (Gabucio, Marti, Enfedaque, Gilabert, & Konstantinidou, 2010),

we were able to respond to the issue of whether secondary school students had greater
expertise in interpreting tables.

Two hundred students were given a test in which they were asked to interpret a
table that was very similar to the table used in Study 2, where heights were replaced
by weight and the totals were reduced to 50, keeping the rest identical. We found
significant differences between the test means of students at the two educational
levels; younger students demonstrated clear difficulties with the items in the test that
pertained to the double-entry structure. For instance, younger compared to older
students had difficulties with questions such as: The numbers that appear inside the
cells correspond to: a) weights; b) number of people; c) age; d) height (see Appendix
in_Gabucio, et al., 2010, name deleted to maintain the integrity of the review process

for the interpretation test).

Quialitative analysis on the students’ graphs from a provided table. In the

following paragraphs, we qualitatively illustrate these results using examples. Jon
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(Figure 6) drew eight bars, one for each interval value and gender. He marked the

values of the interval limits on the y-axis_(0, 130, 149-150, 169). He did not label the

x-axis, but he indicated gender (‘“nens” for boys or “ nenes” for girls) inside the bar at

each height interval. The sizes of the bars appear to correspond to the height interval

limits rather than to the frequencies in the table or to the students’ heights (as in Figure

4b o Figure 5), although there are three bars for girls in height 149, but none in height

130.
Insert Figure 6 about here
Pat’s graph (Figure 7) is interesting because it illustrates a Secondary school
student’s understanding of the frequencies in the table that resulted in an unsuccessful
attempt to represent those frequencies in the graph. The graph shows heights on the y-

axis and frequencies on the x-axis. The values of the y-axis match the size of the bars,

which represent approximate values for height intervals: for instance, to represent the

interval “more than 169 cm”., Pat marked 170 in the y-axis. Regarding the x-axis, she

split it into two halves, the left one for boys and the right one for qgirls, and scaled each

half from 0 to 50 (the maximum frequency in the provided Table is 51). Also, she

placed the bars in the corresponding x-value (except for the last column, that should be

in Xx=6), and she decided to write the frequencies with the specific gender inside the

bars (the first bar reads “23 boys of more than 169” at the y-value of 170; the second,

“40 boys between 130 and 149” at the y-value of 135; the third bar repeats “23 boys of

more than 169 at the y-value of 150; the fourth, “16 girls” at the y-value of 30; the

fifth, <“20” at the y-value of 5; the sixth includes an error in the interval limits, “51

girls from 159 to 159 at the y-value of 157; and the eighth bar reads 6 qirls of more

than 169 at the y-value of 170). We observe several inconsistencies in Pat’s bar

graph. She missed to represent frequencies in the height interval of 150-169 cm, for
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boys and qgirls respectively. She also missed to represent the value of frequency “0”

for boys smaller than 130 cm. In contrast, Pat repeated the data in bar 1 and bar 3. She

misplaced the value of 6 for the frequency of girls “taller than 169 cm”. She indicated

a frequency of 16 at the y-value of 30 instead of 130”. And finally, there is a value of

20 in the fifth bar difficult to interpret. These results reveal Pat’s struggle with the

graphical representation of the data provided in the Table in spite of her signs of

proper table interpretation.

Finally Ferran’s graph (Figure 8) indicates clear gender integration, with a bar
graph that appears correct. However, when we examine the axes, although the
columns represent the values of the frequencies of the table, the y-axis is labeled
“height in cm” and the x-axis is labeled “students”, segmenting the axis with the
correct height intervals. Thus, the table exhibits a clear incoherence between what is
represented and what is labeled. This graph is in contrast to Figures 2(b) and 5 in
Study 1 in terms of the attempts to integrate gender into the graphs. Figures 7 and 8
indicate that although secondary school students have a better understanding of tables
than primary school students, even the graphs of secondary students are not
straightforward. The following examples show that although the students may
understand tables, their graphs still indicate difficulties regarding the representation of
gender integration and the legend.

Insert Figure 7 about here
Insert Figure 8 about here

Study 1 and Study 2 comparison. In addition to the differences between the
primary and secondary school students in graph performance based on the provided
table, we believe that it is worthwhile to compare the results in Study 1 with the results

in Study 2. Our final analysis compares the percentages of students’ graphs that
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satisfied the criteria when the graphs were created using their own tables or using a
table provided. Although the two task prompts were not identical, given that students
in each classroom were randomly split into two groups and assigned to simultaneously
perform the task for each study, the comparison is reasonable. We did not analyze the
data with a between-group design with one condition (to make a table or read a table)
because as previously mentioned, the task prompts were necessarily different to
address the task’s goal.

In primary education, the comparison of graphing performance (percentage of
criteria satisfied) yielded significant differences between the graphs that were created
based on a constructed table and the graphs that were created based on a provided
table for the criteria gender differentiation and legend. Gender differentiation was
better satisfied by graphs from a provided table and legend was better satisfied by
graphs from one’s own table (see the respective data for graphs that were based on a
constructed table in Table 2 and based on a provided table in Table 7 and see
statistical results in Table 8; for comparison, Appendix C presents data from Table 2
and Table 7 in a single Figure).

Insert Table 8 approx. here

In secondary education, all frequencies were higher for the graphs made from a
provided table for format, gender differentiation, gender integration and scaling. As if
having the table and being able to interpret it thoroughly had helped the students
construct a better graph (statistical analysis are provided in Table 8). Format, gender
differentiation, gender integration and legend are criteria closely related to the
understanding of the structure of the data, and its consequent representational
management. The first three seemed to be influenced by the understanding of the data

prior organization in a provided table, whereas the legend was difficult even with data
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already organized in a table. Nonetheless we are aware of the fact that differences for

gender differentiation could be explained by a slight ambiquity in the wording of the

task prompt in the make-table condition. If it had explicitly repeated: “how many boys

are shorter than 130 cm and how many girls are shorter than 130 cm” instead of “how

many boys and how many girls are shorter than 130 cm", frequencies for gender

differentiation in the make-table condition might have been higher.

Contrary to the belief that tables that are similar to the table presented in our
study are straightforward, students’ lack of understanding of such tables may have
implications for their ability to graph depicted data. In contrast to the expertise of
secondary school students, the lower expertise of primary school students is
hypothesized to be the cause of their low graphing performance when they were asked
to create a graph using a provided table.

General Discussion

Although the construction and comprehension of tables have been neglected
topics in the literature, the results of this research suggest that these topics deserve
further study in the field of learning and instruction. As Ainley (2000) states, the
widespread use of graphs in advertising and in the news assumes that graphs clearly
communicate their meaning, but this assumption conflicts with the results of the
research on pupils' difficulties with graphing in mathematics and science. In response
to the first goal of the study, our data provide evidence that students have significant
difficulties with bar graphs. In analyzing how students construct a table before
constructing a bar graph, we have shown that their main difficulties are related to
structuring the data from two variables and understanding that a set of items can
satisfy two criteria after the variables have been integrated and the numbers have been

aggregated accordingly. We think that these difficulties indicate that students, when
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constructing a graph, have to engage in a complex process that relates data with
graphic aspects. As Kaput’s model points out (1998), this process involves the
construction of a referential relationship between two different entities, the data and
the graph that represents them. Thus, we do not believe that tables are transparent
cognitive tools that can be used properly by all primary and secondary students during
the problem-solving process; instead, an accurate understanding of certain implicit
information in tables is required for graphing. Lehrer and Schauble (2007) sought to
determine what is transparent and what is obscure in the modeling practices of primary
school students. Our results show that what makes graphs obscure and their
appropriation difficult and neglected may be the lack of understanding of the double-
entry structure of the data that underlie tables and bar graphs. This lack of
understanding was apparent at both educational levels.

The Relationship between Graphing and Tabulating: Cross-classification and
Data Aggregation

To interpret the relationship between the students’ difficulties with graphing
and their difficulties with tabulating, we discuss the students’ difficulties in
constructing a canonical table. Based on the analysis of the students’ constructions, we
identified two cognitive requirements of table construction: a) comprehension of the
cross-classification of variables and b) comprehension that frequencies are abstract
numbers that result from the aggregation of individual cases.

The cross-classification of variables is the essence of tables: any data located in
the cells (in our case, frequencies) are related both to one condition of one variable and
to another condition of the other variable. From a logical point of view, cross-
classification requires the coordination of two dimensions (which occurs, for example,

when one must classify objects that are red and square and distinguish them from
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objects that are red and round, blue and square or blue and round). Unlike simple or
additive classification, multiplicative classification requires the coordination of two (or
more) dimensions. According to Piaget, these multiplicative classifications are
possible during the concrete operational stage (approximately 7-8 years) (Piaget &
Inhelder, 1967). Why, then, did some of the participants in our Study 1 have
difficulties in the cross-classification of variables considering that, according their
ages, they most likely do not have any difficulty with multiplicative classifications?
We believe that the difficulties in table construction are related to graphic
constraints rather than to the students’ general competence with logic. First, to
construct a table, the students must anticipate and draw the number of rows and
columns according to the values of the two dimensions (gender and height). Thus,
both variables must be explicitly considered and represented in the table margins, and
the students must understand the difference between margins and cells. Second, the
students must also understand that cells in the same row (or column) are related to the
value of the variable indicated in the margin. Thus, they must understand that the
meaning of the data included in the cells depends on spatial conventions (Brizuela &

Lara-Roth, 2002; Marti, 2008; Novick & Hurley, 2001; Marti, et al., 2011).

The second cognitive requirement (the computation of frequencies) is related
to the specificity of the table that the students must construct (i.e., a table of
frequencies). Although logically correct, it is not sufficient for students to place all of
the cases that fulfill the conditions indicated in the margins in each cell. To fulfill the
goal of the task, the total number of cases that fulfill both conditions must be
computed. With respect to the need to provide frequencies, the students appeared very
reluctant to remove information from the display, even at the cost of redundancy

within their tables or graphs. Lehrer and Schauble (2000, 2007) and Wu and Krajcik
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(2006) also reported these difficulties in observational studies in which students had to
manipulate row data. These studies specifically reported the students’ resistance to
avoiding literality. Lehrer and Schauble’s analysis of the modeling performed by
middle school students revealed that the heuristic employed by the students was “more
stuff is better” (2000, p. 60). This tendency to include all information in a display
reveals a resistance to removing redundant information, which was also a typical
characteristic of the tables and graphs constructed by the students in the current study,
which controlled for data manipulation.

To explain the students’ resistance to removing redundant information, Lehrer
and Schauble (2007, p.158) consider “objectifying data as a mental step away from
the cases that the data represent to treat the data as objects in their own right.” Rather
than taking a case view of the data, objectifying the data entails taking an aggregate
view in which the data themselves are the object of manipulation, inspection, and
conjecture. For instance, in their study about plant growth, the authors observed how
contentious 3rd graders became when graph midpoints did not correspond to any
particular case-value. Just as children in Lehrer and Schauble’s study (2000) found it
counterintuitive to accept that a value deemed to be typical did not appear in the
original distribution, they also tended to find the elimination of redundant information
counterintuitive. Also from data modeling approach, English (2012) shows how first
grade children engage in basic activities that are crucial to graphic representation:
structuring of data, detection of redundant information, or awareness of the need to
eliminate unnecessary features when they asked modify their initial representations.
Progression between Primary and Secondary Education

Based on the data related to our second goal, cross-classification and its

representation in a graphic display, as well as the aggregation of data into frequencies,
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appeared to be equally demanding for primary and secondary school students. How
can we explain these difficulties and the lack of progression between the primary and
secondary school levels? We have observed that logic development related to
competence in handling multiplicative structures cannot be an explanation. Some
students may have been able to overcome these challenges because of their experience
with tables during school instruction (Roth & McGinn, 1997). However,
unexpectedly, we found no significant improvements in the table construction
performance of secondary students compared with primary students. We argue that the
reason for this lack of improvement is that according to our review of the students’
textbooks and their teachers’ practices (see the questionnaire above), table
construction is not an explicit object of instruction among these students’ school
practices. These leads to the importance of explicitly teaching the graphic and
cognitive requirements necessary for constructing a table.

These results contrast with those obtained by Aberg-Bengtsson (2006) and
Ainley, et al. (2000) in their studies of first- and second-grade primary school students.
These authors used Microsoft Excel to explicitly teach how to create a graph. As they
acknowledge, using Microsoft Excel to create a graph involves a linear procedure that
requires one to follow a particular sequence of steps. Any explicit teaching of the steps
required to construct graphs and tables is beneficial regardless of whether they learn
by hand or using a computer. Students should have the option to learn about creating
graphs and tables, to eventually be able to exhaustively explain what they have created
in both instances, with technology or without it.

According to Ainley, et al. (2000), the use of computers in education has the
potential to revolutionize the ways in which children learn graphing skills. But, as they

claim, the ability to produce graphs with a computer does not simply remove the need
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for traditional pencil-and-paper skills. The authors suggest that the mastery of
graphing requires, among other things, the practical skills required to produce graphs
by hand. For this reason, it is important for students to struggle with the decisions
involved in the manual construction of a graph using raw data because they

appropriate data and develop a better understanding of them. With our results we do

not aim to conclude that by-hand graphing tasks should always precede the

construction of graphs using computer spreadsheets. However, we think that by-hand

activities should not be neglected. We observed how they help novice students explicit

all the steps involved in the process, and also, they can help teachers identify their

students” main difficulties. The question is whether our students would have created

the graphs and tables that illustrate their struggle if they had been asked to represent
the data using an Excel spreadsheet. How would they have represented Figure 6 or
Figure 7 using a spreadsheet? The first step in graph construction is not only different
but also essential in the process. When students are asked to construct a graph on a
paper from a set of raw data, they must not only organize the blank sheet of paper to
draw the format with the axis, but also, they must “sketch” something “inside” the

frame resulting from setting the axis. As we saw in the Results Section (Figure 7),

from Pat’s graph we can tell that she is able to identify the frequencies for each gender

in each interval. She chooses to represent height in the y-axis and frequencies in the x-

axis. She draws vertical bars rather than follow the convention of horizontal bars for

frequencies being represented in the x-axis. Pat then has to choose a single value

within the given interval to mark it in the y-axis. Also along the process, Pat probably

realizes that she needs to represent frequencies clearer, and she decides to add them

inside the bars. Also, she has to take the decision of representing gender, and for that,

she splits the x-axis frame into two halves, one for each gender value. She does not use
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the convention of the legend to integrate a second variable (gender) in the graph,

either. In_contrast, when students like Pat are asked to do the same task using a

spreadsheet, they choose the axes, label them, set the scaling, and the “sketch” is

drawn automatically from the table provided. The steps illustrated in Pat’s example
are essential decisions that are not made explicit when students use a spreadsheet; they
are automatically “drawn”. The fact that novice students are free to “sketch” the data
within the frame established by the axis, opens a window for teachers to observe their
mental struggle, and consequently, allows a more precise intervention addressing the
specific graphing difficulties.
Differences in Graphing from a Provided Table or from a Self-made Table

On the other hand, our results also indicated that creating a graph from an
existing table appeared to be easier than creating a graph from a self-made table, but
only for secondary school students. Thus, contrary to the belief that tables similar to
the table presented in our study are straightforward, the students’ lack of expertise in
understanding of such tables may have implications for their ability to graph the
depicted data. In contrast to the expertise of secondary school students, the lower
expertise of primary school students is hypothesized to be the cause of their low
graphing performance when they were asked to create a graph using a provided table.

Another difficulty that appeared across educational levels for those students
who departed from the canonical table involved gender integration. Creating a single
graph that integrated heights for both genders (boys and girls) appeared to be a highly
demanding task. As previously mentioned, the students tended to overcome this
obstacle by constructing two separate graphs. Fewer than 50% of the students
constructed graphs that integrated gender. Our claim is that this difficulty may stem

from the graphical constraint of condensing all of the information into a two-
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dimensional structure. That is, having all levels of one of the variables on one axis
(i.e., the x-axis) and the frequencies on the other axis (i.e., the y-axis) leaves no
dimension for the second variable that must eventually show the values of all
subcategories. In contrast, in Study 1, there were no differences in table construction
between the primary and secondary school students. The secondary school students
outperformed the primary school students in terms of table interpretation but not in
terms of the construction of canonical tables because, as mentioned, their school
coursework tend to emphasize the use and interpretation of printed tables rather than
the manipulation and proper formatting of raw data.

We conclude that students’ difficulties in bar graphing can be traced to their
tabulation processes. Data organization is an essential bridging tool for understanding
the essence of the data and representing them graphically. One-variable bar graphs are
introduced very early in the school practices, since they appear easy to start
representing data. However the step to a two-variable bar graph is done quite
automatically without any explicit consideration to the new processes involved in such
step. We show in the present paper that data aggregation and cross-classification to
integrate the second variable are two of these difficult processes, and show the
essential role of tables in such step. Students are often taught, more orf less explicitly,
traditional representational systems, as isolated topics (English, 2012), or as means to
solve other problems. As English puts it: “The need for classroom experiences that
provide opportunities to structure and display data in ways that students choose and to
analyze and revise their creations are important in addressing these early difficulties”
(2012, page 17). We agree with English (2012) that modeling opportunities are to be
provided, but we argue that these opportunities must provide specific scaffolds that

address the difficult steps involved in graphing.
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First name Last name Age Height

ANA ALIAGA 12 years 126 cm
PAU BLANCO 14 years 174 cm
SILVIA CANO 14 years 165 ctm
LUCAS DE LOS SANTOS 13 years 171 cm
MARTA FERNANDEZ 13 years 154 ctm
FATIMA GARCIA 13 years 148 cm
OLGA GARCIA 14 years 172 cm
MIQUEL GISBERT 14 years 173 cm
NURIA GOMEZ 13 years 156 cm
AINHOA GRI 13 years 147 cm
ANDREU GUILLEN 13 years 157 cm
ISMAEL JIMENEZ 13 years 165 cm
MONTSE MARTIN 13 years 142 cm
JOANA MARTINEZ 12 years 134 cm
MARC MOLERO 13 years 146 cm
ENRIC MOLINA 12 years 141 cm
EVA MOLINA 12 years 128 cm
ALICIA MORENO 13 years 151 cm
VICTOR PAJARES 13 years 167 cm
SARA PEIRO 12 years 144 cm
JOAN PLANAS 12 years 134 cm
JUDITH ROMERO 13 years 139 cm
FRANCESC SANCHEZ 13 years 149 cm
AITOR TOLEDO 13 years 160 cm
SERGI VEGA 13 years 155 cm
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Appendix B2. Coding criteria

1)

2)

3)

4)

5)

6)

Format

Yes: Participant represents height on the y-axis and frequency on the x-axis or
vice-versa.

No: Participant represents height on the y-axis and writes students’ names on
the x-axis; participant represents nothing on the y-axis and any of the above on
the x-axis, or vice-versa; participant mixes the information between and within
axes; participant represents nothing, but labels the information on the axes.
Gender differentiation

Yes: The gender variable is differentiated in the same graph.

No: Boys and girls are not identified by gender

Gender integration

Yes: The gender variable is integrated into the same graph.

No: Boys and girls are represented on two attached graphs; on separate graphs;
or are not represented differentially.

Legend

Yes: The legend is present.

No: There is no legend.

Coherence between representations and labels

Yes: Participant represents what is labeled on both axes.

No: There is a discrepancy between what the participant represents and what is
labeled on one of the axes; or there is a discrepancy on both axes.

Scaling

Yes: The measures are proportional.

No: The measures are not proportional.



7) Y-axis label
Yes: The y-axis is labeled, indicating heights, frequencies or names.
No: The y-axis is labeled, mixing the above; or the y-axis is not labeled.
8) X-axis label
Yes: The x-axis is labeled, indicating heights, frequencies or names.

No: The x-axis is labeled, mixing the above; or the x-axis is not labeled.
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Insert Figure Appendix 3. Approx. here
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! Figures labeled (a) and (b) correspond to the sequence of the tables and graphs of the same
students.

% The specific question in the task instructions was slightly altered. If the question in the
second task was identical to the question in the first task, the students could have answered the
question by simply reading the table.

"' Given the total number of tests, one might expect that several are significant by chance.
However, must of the results are significant at .001 level.
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Table 1

Table 1. Distribution of frequencies (and percentages) of the products of the participants

according to educational level

Blank  No Bar-Graph Bar-Graph Total

Primary Education 18 (25.3%) 17 (23.9%) 36 (50.7%) 71 (100%)

Secondary Education 34 (40.4%) 7(8.3%) 43(51.2) 84 (100%)

Total 52 (33.5%) 24 (15.4%) 79 (50.9%) 155 (100%)




Table 2

Table 2. Distribution of frequencies (and percentages) of student graphs that satisfied

each criterion following table construction according to educational levels and statistical

results
Primary Education  Secondary Education
n=36 n=43 Chi-square analysis

Format 24 (667%) 28 (65%) ns
Gender Differentiation 24 (67%) 23 (53%) ns
Gender Integration 14 (39%) 11 (26%) ns
Legend 14 (39%) 9 (21%) ns
Coherence 32 (89%) 36 (84%) ns
Scaling 25 (69%) 27 (63%) ns
Label y-axis 35 (97%) 41 (95%) ns

Label x-axis 33 (92%) 38 (88%) ns




Table 3

Table 3. Distributions of frequencies (and percentages) of student graphs that satisfied

each criterion according to the constructed table for each educational level

Primary Education

Secondary Education

Non-canonical Canonical Non-canonical Canonical
(n=18) (n=18) (n=29) (n=14)

Format 6 (33%) 18 (100%) 14 (48%) 14 (100%)
Gender diff. 7 (39%) 17 (94%) 10 (34%) 13 (93%)
Gender int. 3 (17%) 11 (61%) 4 (14%) 7 (50%)
Legend 1 (5%) 13 (72%) 3 (10%) 6 (43%)
Coherence 14 (78%) 18 (100%) 23 (79%) 13 (93%)
Scaling 9 (50%) 16 (89%) 15 (52%) 12 (86%)
Label y-axis 17 (95%) 18 (100%) 27 (93%) 14 (100%)
Label x-axis 15(83%) 18 (100%) 25 (86%) 13 (93%)




Table 4

Table 4. Chi-squared analysis of the association between the criteria of constructed

graphs according to educational level for each type of table constructed

Primary Ed. vs. Secondary Ed.

Non-canonical table

Canonical table

Primary Ed. vs. Secondary Ed.

Format

Gender differentiation
Gender integration
Legend

Coherence

Scaling

Label y-axis

Label x-axis

w2 (1)=1.01, p=314
%2 (1)=0.09, p=.760
2 (1)=0.071, p=.788
%2 (1)=0.365, p=.545
2 (1)=0.61, p=.432
%2 (1)=0.02, p=.967
2 (1)=0.657, p=.418

72 (1)=0.695, p=.406

constant

x2 (1)=.034, p=.859
x2 (1)=0.39, p=.530
x2 (1)=2.8, p=.09
x2 (1)=1.3, p=.249
x2 (1)=0.07, p=.788
constant

w2 (1)=1.28, p=.245




Table 5

Table 5. Chi-squared analysis of the association between the criteria of constructed

graphs according to the type of tables constructed for each educational level

Primary education Secondary education

Non-canonical vs. Canonical Non-canonical vs. Canonical

Format x2 (1)=18, p=.001 2 (1)=11.1, p=.001
Gender differentiation 2 (1)=12, p=.001 2 (1)=12.9, p=.001
Gender integration 2 (1)=7.5, p=.006 2 (1)=6.5, p=011

Legend ¥2 (1)=16.8, p=.001 x2 (1)=6.0, p=.014
Coherence x2 (1)=4.8, p=.030 ¥2 (1)=1.27, p=.260
Scaling x2 (1)=6.4, p=.010 x2 (1)=4.7, p=.031

Label y-axis x2 (1)=1.0, p=2310 x2 (1)=3.25, p=.452

Labels x-axis x2 (1)=3.2, p=.070 x2 (1)=4.0, p=.524




Table 6

Table 6. Table provided for the task: Boys’ and Girls’ Height Groupings (in cm)

Shorter than 130

Between 130 and

Between 150 and

Taller than 169

(<130) 149 169 (>169)
Boys 0 40 48 23
Girls 16 51 36 6

16 91 84 29

Total




Table 7

Table 7. Distribution of frequencies (and percentages) of student graphs based on

a provided table that satisfied the criteria according to educational level

Primary Education  Secondary Education

(n=49) (n=73) Statistical test
Format 40 (82%) 71 (97%) x2 (1)=6.2, p=.014
Gender diff. 46 (94%) 67 (92%) ns
Gender int. 16 (33%) 39 (53%) x2 (1)=4.9, p=.027
Legend 8 (16%) 24 (33%) x2 (1)=4.7, p=.029
Coherence 36 (73%) 69 (94%) x2 (1)=9.2, p=.002
Scaling 35 (71%) 58 (79%) ns
Label y-axis 46 (94%) 73 (100%) ns

Label x-axis 44 (90%) 68 (93%) ns




Table 8

Table 8. Chi-squared analysis of the association between the criteria of constructed

graphs according condition for each educational level

Chi-square analysis

Primary Education Secondary Education
Format ns v2 (1)=22.3, p=.001
Gender Differentiation x2 (1)=10.1, p=.001 x2 (1)=22.8, p=.001
Gender Integration ns x2 (1)=8.5, p=.03
Legend x2 (1)=5.5, p=.019 ns
Coherence ns ns
Scaling ns x2 (1)=4.5, p=.033
Label y-axis ns ns

Label x-axis ns ns




Figure Appendix C
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Figure Appendix C. Distribution of Percentage of Graphs that Satisfied the Criteria

according to Condition (Make Table - Read Table) and Educational Level



Figure Captions

Figure Captions
Figure 1. Marc’s canonical table. Primary student.
Figure 2(a). Marta’s non-canonical table. Secondary student.
Figure 2(b). Marta’s graph. Secondary student.
Figure 3. Distribution of Percentage of Graphs that Satisfied the Criteria according to
Table Constructed and Educational Level
Figure 4(a). Xenia’s non-canonical table. Primary student.
Figure 4(b). Xenia’s graph. Primary student.
Figure 5. Melani’s graph. Non-canonical table. Primary student.
Figure 6. Jon’s graph from the provided table. Primary student.
Figure 7. Pat’s graph from the provided table. Secondary student.
Figure 8. Fer’s graph from the provided table. Secondary student.
Figure Appendix C. Distribution of Percentage of Graphs that Satisfied the Criteria

according to Table Condition





