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Abstract 
The representation and interpretation of images and graphics are essential for a 
numerate populace in an information-burgeoning society. Research on the use and 
understanding of graphics is quite limited despite the increasing importance of 
“new” literacies within mathematics education. This paper reports on students’ 
[aged 10 and 11] proficiency with line and bar graphs [Opposed-position graphics] 
in an interview situation. Results from the investigation revealed that the students 
had difficulty in interpreting the graphical information and making sense of the 
relationships between the mathematical content and the literacy demands within 
these tasks. Additionally, some students’ explanations suggest that they do not 
appreciate the relationship between the two axes on the graphs nor the importance 
of “keys” and other identifiers that link graphical information embedded within the 
respective tasks.  Specific assessment issues are addressed and implications for 
mathematics practices are drawn out from the research results. This paper 
concludes with recommendations for explicit instruction, a cautionary note for 
interpreting graphics items on numeracy tests, and avenues for further research.  

Difficulties Interpreting Graphics within Mathematics Tasks 
Many countries around the world (e.g., Australia, England, US) include the 

teaching of skills for specific information graphics—such as diagrams, graphical 
displays, and symbolic expressions—as a curriculum topic in primary schools. 
Such mandatory requirements substantiate the importance of the understanding 
and interpretation of graphics within school contexts. Nevertheless, the teaching of 
graphic skills has not developed apace of these curriculum requirements (Monteiro 
& Ainley, 2003). Unfortunately, these representations have often been taught and 
learned as if they were ends in themselves. This approach limits the power and 
utility of representations as tools for learning, doing and communicating 
mathematics (NCTM, 2000). Several studies have highlighted the important role 
that the teacher plays in developing students’ understanding of graphical 
representations (Diezmann & Lowrie, 2006). Lowrie and Diezmann (in press) 
argued that elements of mathematical content, graphics knowledge, context and 
mathematical literacy needed to be simultaneously considered in order for students 
to successfully interpret graphics. Just as the comprehension of text requires 
higher level knowledge and skills than merely a grasp of the associated sub-skills 
(i.e., spelling, grammar, punctuation) so too does the comprehension of graphics. If 
teachers do not address graphing understandings from such “conceptual 
perspectives”, teaching, is limited (and restricted) to the promotion of sub-skills 
such as scaling, drawing axis and locating points (Ainley, 2000).  

A substantial body of literature has indicated that even the most routine 
analysis of data that has information embedded within the graphics may be difficult 
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for older children (e.g., Preece, 1993) and even university students (Goldberg & 
Anderson, 1989) to interpret. Not surprisingly, younger students find a range of 
graphics tasks difficult to decode. For example, on the National Assessment of 
Educational Progress [NAEP, 1992], many fourth graders had difficulty reasoning 
from a bar graph. These students’ success on this item was not high (67%).  

Graphs are one of many thousands of graphics that are used for the 
management, communication, and analysis of information (Harris, 1996). These 
graphics can be categorised into six graphical languages according to how the 
information is encoded visually (Mackinlay, 1999). For example, in Opposed-
position language items the information is encoded by a marked set that is 
positioned between two axes. Bar graphs are an exemplar of this language. The 
other graphical languages (i.e, Axis, Map, Connection, Retinal List, Miscellaneous) 
are discussed elsewhere (Lowrie & Diezmann, 2005).  

Interpreting graphics is complex for students. As Postigo and Pozo (2004) 
suggested, “students restrict themselves to reading data and processing specific 
aspects of the material and encounter problems when they have to go beyond this 
elementary level and interpret the information represented” (p. 628). Hence, the 
successful solution of items using graphics requires students to both understand 
the mathematics content and be able to decode the particular type of graphic in 
which the mathematical information is embedded. According to Friel, Bright and 
Curcio (2001) sense making with bar graphs, exemplars of Opposed-position 
language items, is based on three types of comprehension that go beyond the 
teaching of these sub-skills. The basic level of comprehension is related to 
“reading the data”, that is, information is sourced from specific conditions or 
features of the graphic. The next level deals with reading between the data, 
namely, interpreting relationships between two or more elements of information 
within the graph. The final level involves reading beyond the data by extending, 
predicting, or making inferences from the information on the graph. Thus, a student 
needs to employ each of these sub-skills productively to be deemed 
mathematically proficient in graphing. Because each graphical language has a 
different purpose and utilises different encoding techniques, overall mathematical 
proficiency with graphics involves learning the different sets of sub-skills necessary 
for each graphic.  

Sense Making and Assessment Practices  
Graphs are one of the most common mathematical functions used to 

display information. They are represented in text books, standardised tests, as well 
as other print and electronic media in classrooms (Shah & Hoeffner, 2002). The 
representation of information plays a key role in determining students’ 
understanding of concepts and capacity to make sense of a range of mathematics 
situations.  From the perspective of the learner, the manner in which information is 
represented plays a pivotal role in sense making—particularly in relation to the 
retrieval and interpretation of information. The NCTM (2000) argue in the 
“Principles and Standards of School Mathematics” that students should be 
exposed to a repertoire of representations that include complex pictures, graphs 
and visual representations. We have found (Diezmann & Lowrie, 2006; Lowrie & 
Diezmann, 2005) that many students become quite confused when exposed to 
representations that are “different” to those that they typically and frequently 
encounter in school contexts—which generally are standardised prototypes (Bobis, 
Mulligan & Lowrie, 2004).   

Without a sound understanding of the subtleties (and differences) that 
underpin different representations, it is difficulty for students to develop sense 
making within different mathematical contexts. As Matteson (2006) argued, one of 
the most problematic issues surrounding mathematics education is that students 
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are able to correctly complete items without engaging in the mathematics that is 
embedded in the graphic. This is particularly the case with standardised 
assessments that present graphics in stereotypical forms and require students to 
undertake common processes. For example, when presented with a bar graph 
students are frequently asked to identify the numerical value of the highest bar. 
Hence, when students are required to interpret the graph in a different manner, 
previous practices sidetrack students’ attention on the highest point. Thus, from an 
assessment perspective the graphics used are an important component in test 
design and in the interpretation of students’ results: “an examination of 
representations on standardised tests may help determine the validity of 
assessment results as well as provide direction for professional development, such 
as explore mathematical literacy concerns” (Matteson, 2006, p. 228).   

Design and Methodology 
The purpose of this study was to monitor students’ performance over time when 
undertaking graphing tasks. This investigation is part of a 4-year longitudinal study 
in which we are monitoring the development of primary students’ ability to decode 
the six types of graphical languages including Opposed-position languages (e.g., 
bar and column graphs). Elsewhere, we have documented primary students’ 
knowledge of particular graphical languages and their relative difficulty (Lowrie & 
Diezmann, 2005). The aims of the present study were:  

1. To determine student success, over time, in solving graphing items; 
2. To ascertain what aspects of graphing tasks support successful 

understanding of the items; and 
3. To identify difficulties students encounter when decoding graphing items. 

Participants 
Two cohorts of students participated in this study. Cohort 1 involved Grade 4 and 
Grade 5 students (aged 9-11 years) (N = 360) across two states in seven 
Australian primary schools. This cohort was mass tested twice over a 12 month 
period. Cohort 2 involved Grade 5 students (aged 10-11 years) (N = 47) from three 
primary schools in a large rural city. The participants (23 male, 24 female) were of 
varying socioeconomic backgrounds with almost all children having English as their 
first language. These students engaged in the interview component of the study.   

The Instrument 
The Graphical Languages in Mathematics [GLIM] Test is a 36-item multiple choice 
test that was designed to investigate students’ performance on each of the six 
graphical languages. This instrument comprises six items that are graduated in 
difficulty for each of the six graphic languages. These items were grade 
appropriate with respect to mathematical content and literacy demands (see 
Diezmann and Lowrie, in press, for a detailed explanation of the GLIM test). The 
GLIM test was also separated into three 12 item instruments that were used in 
interviews for the purposes of a more in-depth analysis of students’ sense-making 
capacities. The separation of the items into the three sub-sets was based on item 
difficulty. The12 easiest items were administered during Interview A, the next 12 in 
Interview B and the most difficult 12 items made up Interview C. All interviews 
consisted of two items of each of six graphical languages.  

Procedure, Interview Design and Framework 
The Mass Testing: The participants (Cohort 1, N = 360) completed the 36-item 
GLIM test in Grade 4 and twelve months later when they were in Grade 5. In this 
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study, we report of student performance across the four easiest of the six 
Opposed-Position items.  

The Interviews: The participants (Cohort 2, N = 47) completed the two opposed-
position items from Interview B (see Appendix 1). A series of protocols were 
developed for the interviews to ensure similar administration across all sites. The 
participants were required to complete the items and then explain their solutions 
and reasoning in an extended interview. During this interview, they were also 
encouraged to verbalize their thinking and reflect upon their knowledge. The 
interview was video-taped in order to ensure that students’ reactions were captured 
in ways that move beyond the simple interpretation of correct or incorrect 
responses. In particular, the interview attempted to gain insight into the way in 
which students’ used visual-spatial reasoning to interpret the Opposed-position 
items.  

Results and Discussions 
The aims of the study were achieved by addressing the following three questions. 
Question 1 draws on mass testing of Cohort 1. Questions 2 and 3 relate to 
interviews with Cohort 2.  

Q 1.What determines student success, over time, in solving 
graphing items? 
It was evident that the subjects (Cohort 1) found the opposed-position items quite 
difficult to solve [62% and 57% correct in Grade 4 and 77% and 66% correct in 
Grade 5] (see Table 1). There was a statistically significant difference between the 
performance of the participants’ in both Question 1 [t (359) =5.37, p≤ .001, E.S = 
.16] and Question 2 [t (356) = 2.58, p≤ .01, E.S = .09]. It is important to note that 
students of this age are exposed to explicit teaching of similar graphing items in the 
mathematics curriculum—and as a consequence such performances increases 
would be expected. More surprisingly was the performance of the students in the 
interview cohort in comparison to those students in the mass testing cohort. 
Despite being in the same grade, and being exposed to the same state-wide 
curriculum, the students, who were interviewed performed significantly worse than 
their peers on Question 1 [t (410) = 16.04, p≤ .001, E.S = 0.4]. In Question 2, 
however, performances were not statistically different across cohorts Question 2 [t 
(411) = 0.47, p>.05, E.S = .001. These results suggest the idiosyncratic nature of 
the respective items (Bishop, 1995). As a consequence, it was deemed necessary 
to separately consider the items even though the graphical elements were similar 
in design and representation.   
 
Table 1 
Means and Standard Deviations for Mass Testing and Interview Components of 
the Study 
 Test 

2004 Year 4 
Test 
2005 Year 5 

Interview 
2006 Year 5 

Measure M SD M SD M SD 
Question 1 [N = 360] 
Question 2 [N = 356] 
Question 1 [N = 47] 
Question 2 [N = 47]  

.62 

.57 
.49 
.50 

.77 

.66 
 

.42 

.48 
 
 
.50 
.60 

 
 
.50 
.49 

 
The problematic nature of student performance, and the apparent lack of 
conceptual understanding possessed by the participants in Grade 4 and 5, is 
further highlighted in the following Cross Tab analysis (see Table 2 and Table 3). 
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With respect to Question 1, for example, 8% of students incorrectly responded to 
the item in Grade 5 after successfully solving the task the previous year (in Grade 
4). The results are even more dramatic in Question 2—where 16% of students 
were unsuccessful despite correctly solving the same item in Grade 4. 
Approximately 25% of students successfully solved the respectively items correctly 
after failing to do so the previous year. Thus, there has been an improvement in 
performance with Grade level over a 12-month period.    
 
Table 2 
Cross Tab Analysis for Question 1 Across Grade 4/5 

    
Grade 5 

Total 0 1 

Grade 4 
0 Count 54 84 138 

% of Total 15.0% 23.3% 38.3% 
   
1 

Count 29 193 222 
% of Total  8.1% 53.6% 61.7% 
Total Count 83 277 360 

% of Total 23.1% 76.9% 100.0% 
 
Table 3 
Cross Tab Analysis for Question 2 across Grade 4/5 

    
Grade 5 

Total 0 1 

 
0 Count 65 89 154 

% of Total 18.2% 24.9% 43.1% 
   
1 

Count 58 145 203 
% of Total  16.2% 40.6% 56.9% 
Total Count 123 234 357 

% of Total 34.5% 65.5% 100.0% 
 

Q2. What aspects of graphing tasks support successful 
understanding of graphing items? 
The approaches and strategies used by the participants (Cohort 2) to solve the 
items were categorised after analysis of the video data. All participant responses 
were analysed for appropriate and inappropriate reasoning. Specific strategies 
were identified within these categories to represent effective and efficient 
reasoning (see Tables 4 and 5). For Question 1, these strategies included: 
Correctly Identified Values and Subtracted (VS); Counted On (CO); Misread the 
Graph (MG); Focussed on Wrong Axis (WA); Looked at Highest Points (HP); and 
Guessed Answer (GU). For Question 2, these strategies included: Correctly 
Identified Values and Combined Elements (VC); Chose the Highest Bar (HB); 
Misread the Graph (MG) and Vague Answer (VA).  
 
Table 4 
Participants’ responses to Question 1 
 Appropriate Inappropriate 
 VS CO MG WA HP GU 
Question 1 7 16 2 7 7 8 
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Table 5 
Participants’ responses to Question 2 
 Appropriate Inappropriate 
 VC  HB VA MG 
Question 2 24  17 1 5 

 
The more efficient strategies [VS and VC] required participants to identify 

the values of specific elements of the respective graphs. In Question 1, students 
were required to subtract one value from another while in Question 2 the adding of 
a number of values was required. Only 15% of students used this strategy on 
Question 1, whereas 51% of students used this efficient strategy on Question 2. In 
Question 1, the majority of responses deemed appropriate (34%) were completed 
with a less efficient strategy (counting on). With this approach, the students tended 
to concentrate on the quantitative aspects of the graph rather than considering its 
spatial elements. Appropriate responses to both questions required students to 
read between the data and interpret relationships between two or more pieces of 
information within the graphic (Friel, Bright, & Curcio, 2001).  
 

Q. 3. What difficulties do students encounter when decoding 
graphing items? 
In Grade 5, 23% and 34.5% of students incorrectly answered Questions 1 and 2 
from the interviews. Approximately half the students employed inappropriate or 
inefficient strategies on each of the questions even when selecting a correct 
multiple choice response. Surprisingly, 17% of students guessed the solution in 
Question 1. Generally, participants revealed that they were either unfamiliar with or 
had not encountered line graphs within mathematics contexts. It seems that 
students who used the less efficient approaches interrogated the information in 
isolation rather than in holistic chunks. For example, in Question 1, students 
considered information on either the x or y axis without considering the relationship 
between the data (on both axes) and the conceptual ideas surrounding the notion 
of “difference”. A total of 15% of students focused on the inappropriate axis (see 
Table 4). A high proportion of the students provided a solution that corresponded 
with the highest point of the graph (17% and 34% respectively). It appears that 
students’ incorrect responses were derived from prior, and prototypical, practice 
examples that routinely require problem solvers to select the highest point without 
an additional requirement to interpret the data. When students are not required to 
read beyond the data, they tend to concentrate on perceptually salient features 
rather than attending to all elements of the graph (Roth, 2002).  

Conclusions and Implications  
The purpose of this study was to monitor students’ performance over time when 
undertaking graphing tasks. Three key insights emerged from the study: 

• Students had difficulty solving bar and column graphs (i.e., Opposed-
position items) which required the interpretation of information on both the x 
and y axes. Successful responses were often associated with inappropriate 
or inefficient solution strategies. Consequently, a high proportion of 
students correctly answered the questions with limited demonstrated 
knowledge of the task.  

• Student solutions highlighted the idiosyncratic nature of these graphical 
items. There were quite distinct differences between the performance of 
students within similar cohorts both between and across opposed-position 
items. 



CSU Research Output 
http://researchoutput.csu.edu.au 

• The knowledge and skills that young students access to solve these items 
appear to be established in isolated instructional contexts where 
(mis)understandings are perpetuated through teaching approaches that 
rarely draw students’ attention beyond the surface features of the item. 

 
The results of the study have implications for both the teaching and assessment of 
graphical items within the mathematics curriculum. Given that the items were 
sourced from national testing instruments it is important to consider the results of 
the study from an assessment perspective. It is certainly the case that such 
graphing items do not necessarily “measure” intended mathematical skills and 
knowledge. We would argue that it is quite difficult to determine student 
performance (and mathematical sense making) across such graphical items in 
mass testing situations. Without more in-depth analysis of the approaches and 
strategies students employ to solve these items, the capacity of multiple-choice 
items to assess student performance is problematic.  
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Appendix 1. Opposed-position items used in Interviews 
 
 

 
 
This graph shows how Sam’s pulse rate changed while 
she exercised. What is the difference between Sam’s 
lowest and highest pulse rate in beats per minute? 

Sources: 
Above: NSW Educational Testing Centre, 1999, p. 8 
 
Right: US National Centre for Educational Statistics, 2003 
Q. 229. 

 
The graph above shows how many of 
the 32 children in Mr Rivera’s class are 
8, 9, 10 and 11 years old.   
Which of the following is true? 
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Answer 
Most are younger than 9. 
Most are younger than 10. 
Most are 9 or older. 
None of the above is true. 


