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Abstract Treemaps has been used as diagrams in cartography to visualize hier-
archical, multivariate, and time series data through the construction of hierarchies.
Several algorithms exist for generating Treemaps. Despite the popularity of the
Treemap, few studies have analyzed the effectiveness and efficiency of different
algorithms. A user study was conducted to evaluate the slice-and-dice, squarified,
ordered, strip, and ordered squarified algorithms. In the user study, the accuracy and
response time for completing tasks were recorded. The slice-and-dice algorithm was
identified as most suitable to represent true hierarchy (intrinsic hierarchy), followed
by pivot-by-size. Slice-and-dice was also identified as the most suitable algorithm
for representing false hierarchy (imposed hierarchy). When representing time series,
slice-and-dice, strip, and ordered squarified algorithms were all determined to be
suitable.

Keywords Treemap ⋅ Cartography ⋅ User study ⋅ Effectiveness ⋅ Efficiency

M. Zhou ⋅ Y. Cheng ⋅ N. Ye ⋅ J. Tian (✉)
Key Laboratory of Geographic Information System, School of Resource and Environment
Science, Ministry of Education, Wuhan University, Wuhan, People’s Republic of China
e-mail: yutaka-2010@163.com

M. Zhou
e-mail: zmj.1990@163.com

Y. Cheng
e-mail: yancheng_0116@163.com

N. Ye
e-mail: Yuyuning0207@gmail.com

J. Tian
Key Laboratory of Digital Mapping and Land Information Application Engineering,
National Administration of Surveying Mapping and Geoinformation, Wuhan University,
Wuhan, People’s Republic of China

© Springer International Publishing AG 2017
M.P. Peterson (ed.), Advances in Cartography and GIScience, Lecture Notes
in Geoinformation and Cartography, DOI 10.1007/978-3-319-57336-6_14

187



1 Introduction

Investigation on new representation methods has been one of the focuses of car-
tography. Treemap, a technique for visualizing hierarchical data has also been used
in cartography to visualize socio-economic and demographic data. Treemap is
suitable for detecting outliers, analyzing cause and effect, and discovering trends,
and it has been successfully used to visualize various kinds of data, such as business
information (Vliegen et al. 2006), electoral data (Wood et al. 2011), and social
networks (Sathiyanarayanan and Burlutskiy 2015).

Because Treemap was originally designed to visualize hierarchical data, it can
naturally be used to represent statistical data with spatial, temporal, or semantic
hierarchies in cartography; for example, Jern et al. (2009) dynamically linked a
Treemap to a choropleth map to facilitate the visualization of statistical data with a
spatial hierarchy, while Slingsby et al. (2010a) used a Treemap to discover traffic
patterns with a spatial hierarchy and visualize population data with a sematic
hierarchy. Through construction of a false hierarchy (imposed hierarchy), Treemap
can also be used to visualize multivariate statistical data and discovery correlation
among different variables (Slingsby et al. 2010b), or to visualize flows and identify
their spatial patterns (Wood et al. 2010).

Treemaps can be generated by several algorithms. These algorithms differ
greatly in layout and may be suitable for different research questions or data types.
Usability studies and controlled experiments are important in evaluating visual-
ization techniques, because they help illustrate the potential benefits and limitations
of visualization techniques as well as forming guidelines for their use (Plaisant
2004). Slingsby et al. (2009) proposed guidelines for a wide range of applications
for designing Treemaps based on observations and experiences. Kong et al. (2010)
proposed a set of design guidelines for creating effective rectangular Treemaps,
concentrating on the design parameters of aspect ratio and luminance. The data
represented in cartography is quite different from other kinds of data because it is
spatially referenced and needs to be compared between different regions; therefore,
the appropriate types of Treemap used as diagrams in cartography may vary in
terms of the represented data and task types. Yet, little attention has been paid to it.
Therefore, it is of interest to conduct a systematic evaluation on the effectiveness of
different Treemap algorithms.

2 Treemap: A Brief Review

Treemaps can be generated by a variety of algorithms that can be classified into the
three types listed in Table 1 based on their major design dimensions and salient
characteristics.
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• Keep input data order only. Visual ordering in Treemaps is strictly consistent
with one-dimensional ordering of the input data.

• Keep low aspect ratio only. A low aspect ratio is preserved without considering
the mapping between input data order and visual ordering.

• Keep balance between input data order and low aspect ratio. The input data
order (one-dimensional ordering or two-dimensional ordering) is preserved to
some extent while maintaining a relatively low aspect ratio.

Our study concentrated on using Treemaps as diagrams to represent statistical data
of individual regions.Geo-references can then be added through a point diagrammap, a
diagrammap, a point grid map (Zhou et al. 2016) or a spatially ordered Treemap. This
paper considers spatially ordered and Nmap algorithms to be methods for arranging
nodes according to their geographic location rather than diagrams to represent statis-
tical data of individual regions; therefore, these algorithms are not included in the user
study. In the remaining types of Treemaps, we chose the algorithms that are used in
existing Treemap software, such as treeMappa (http://www.treemappa.com/) and
Treemap (https://www.treemap.com/). Therefore, slice-and-dice, squarified,
ordered (including pivot-by-middle, pivot-by-split-size, and pivot-by size), strip,

Table 1 Algorithm classifications

Type Algorithm

Keep input data order only Slice-and-dice (Johnson and Shneiderman 1991)
Keep low aspect ratio only Squarified (Bruls et al. 2000)
Keep balance between input data
order and low aspect ratio
Preserve one dimensional order Cluster (Wattenberg 1999), ordered (Shneiderman and

Wattenberg 2001), strip (Bederson et al. 2003), and
spiral (Tu and Shen 2007)

Preserve two dimensional order Ordered squarified (Wood and Dykes 2008), spatially
ordered (Wood and Dykes 2008), and Nmap (Duarte
et al. 2014)

Fig. 1 An illustration of different Treemap types. The number of each rectangle indicates the
order of data input
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and ordered squarified algorithms are evaluated here (see Fig. 1), and they cover all
three types listed in Table 1. The ordered algorithm could not be illustrated by a simple
graph, so it is not shown in Fig. 1.

3 Data Types Represented by Treemaps

Treemap algorithms differ greatly in the layouts, each suitable for different types of
data. They are mainly used to represent true hierarchical, false hierarchical or
spatio-temporal data, also called time series (Slingsby et al. 2009, 2010a, b).

• True hierarchy (intrinsic hierarchy)

True hierarchy expresses the notion of a subtype of another type. An instinctive
parent-child relationship exists between superior and subordinate elements. For
instance, consumption can be classified into eight categories. These eight categories
can be further classified into sub-categories, finally producing a two-level hierarchy.

• False hierarchy (imposed hierarchy)

False hierarchy reconfigures a dataset with several independent attributes that
lack an intrinsic parent-child relationship, producing multivariate data. For exam-
ple, a Treemap can show the two independent attributes of consumption and income
level, which have no intrinsic parent-child relationship and are therefore called a
false hierarchy. This type of hierarchy can be used to represent potential relation-
ships between two independent variables.

• Time series

Temporal data represent a distinct example of a true hierarchy. Increasing or
decreasing trends or periodic changes can be intuitively conveyed by a Treemap.

4 User Study Design

A user study was conducted to evaluate the effectiveness and efficiency of different
Treemap algorithms applied to different types of data. First of all, users must
receive the transmitted information completely and correctly (effectiveness). Sec-
ondly, the result must be assessed in relation to the amount of time required to
achieve full and correct information (efficiency). The user study was conducted as a
between-subjects test rather than a within-subjects test. This is because the answers
corresponding to the last Treemap will influence the answers for the next Treemap
as the same group is asked to read seven types of Treemaps and answer their
corresponding questions. In the between-subjects test, subjects were equally
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divided into seven groups. Each group was asked to read a type of Treemap and
answer the same series of questions. The answers and response times were recorded
and analyzed to evaluate the various algorithms.

4.1 Visual Tasks for Treemap Cartography

Presentation and analysis are usually the primary communication goals of a rep-
resentation. In order to achieve these goals, users must perform several visual tasks.
The user study identified six visual tasks to be tested, based on the visualization
operations (Wehrend 1993) and visual tasks (Zhou and Feiner 1998) as well as the
characteristics of the three data types (see Table 2).

• Element locating refers to finding special elements (rectangles) in Treemaps.
• Visual comparison describes a comparison of an attribute that is mapped to

visual variables on Treemaps of different objects. The visual comparison tasks
mainly ask for the differences between the sizes of rectangles in this study.

• Visual ranking requires the user to determine the order of elements (rectangles)
according to special attributes. This task mainly asks for the differences between
the sizes of rectangles in our study.

• Characterize distribution provides a set of data cases and a quantitative
attribute of interest, requiring the user to characterize the distribution of that
attribute’s values over the set.

• Correlation exploring refers to identifying potential relationships among
multiple variants represented by Treemaps.

• Trend detecting assesses the change patterns of objects over time, which can be
described as increasing trends, decreasing trends, or periodic changes.

Table 2 Task types for Treemaps

Tasks Types

Elements locating 1. Find two elements in one Treemap that are adjacent or not adjacent in
the input order

2. Find same elements in two different Treemaps
Visual comparison 1. Make a comparison of sizes of two elements in a same Treemap

2. Make a comparison of sizes of same elements in two different
Treemaps

3. Make a comparison of the proportions of the elements
4. Visually “add” the sizes of several elements and make a comparison

Visual ranking Rank the elements by the sizes of rectangles
Characterize
distribution

Characterize the distribution of that attribute’s values over the set

Correlation
exploring

Explore the correlation between two individual variables

Trend detecting Detect trend (increasing, decreasing trend, or periodic change)
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Element locating, visual comparison, visual ranking, and characterize distri-
bution are the four basic visual tasks. The characterize distribution task may be
initiated when the data contains a quantitative attribute. Correlation exploring is an
important task for datasets characterized by false hierarchy. The final task, trend
detecting, is used with time series.

4.2 Questionnaire Design

4.2.1 Dataset and Test Material

The questionnaire was divided into three parts (Part A, Part B, and Part C), cor-
responding to the three targeted types of data. When Treemaps are applied to
cartography, different regions represented by Treemaps must be compared; there-
fore, the questionnaire used two represented regions to simulate comparisons. The
Treemaps were made using treemappa (http://www.treemappa.com/), and the
datasets used in the questionnaire and their corresponding Treemaps are as
described below. The data came from 2011 Guangdong, Gansu, and Zhejiang
Statistical Yearbook; and Data center of the Ministry of Environmental Protection
of the People’s Republic of China (http://datacenter.mep.gov.cn/).

1. Part A: True hierarchy (intrinsic hierarchy)

• Dataset: Per capita annual consumption expenditure of urban households.
• Treemap design: The proportions of the total expenditure of each province

and consumption expenditure types are mapped by size and color, respec-
tively (see Fig. 2).

2. Part B: False hierarchy (imposed hierarchy)

• Part B (a): One ordinal variable and one nominal variable

– Dataset: Per capita annual consumption expenditure and construction of urban
households by family income level.

– Treemap design: Consumption expenditure by family income level (ordinal)
forms the first-level, followed by consumption purpose (nominal) in the
underlying level. Size represents the proportion of the total expenditure of each
province and color indicates consumption purpose (see Fig. 3).

• Part B (b): Two ordinal variables.

– Dataset: Average education level of rural families with different income levels.
– Treemap design: The proportion of total laborers by family income level

(ordinal) constitutes the first-level, followed by education level (ordinal) in the
underlying level. Size represents the proportion of total laborers of each pro-
vince while color indicates the education levels (see Fig. 4).
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3. Part C: Time series

• Dataset: Air quality levels.
• Treemap design: The year is divided by months at the first level and days at the

second level. The air quality level is mapped to color, while the sizes of the
sub-rectangles are fixed. However, the squarified algorithm arranges rectangles
according to their sizes. Therefore, we did not apply the squarified algorithm to
this dataset (see Fig. 5).

F H HM C R RE M TC

Fig. 2 Per capita annual consumption expenditure of urban households
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4.2.2 Questions

We formulated several specific questions for each part based on the tasks listed in
Table 2. When targeting rectangles in a visual comparison task, the difference
between two rectangles cannot be obvious. To avoid subjects answering the
questions based on existing knowledge without reading the Treemaps, some ele-
ments mentioned in questions and Treemaps were labeled using meaningless letters
or numbers. Furthermore, several pilot trials were conducted before the user study.

Fig. 3 Per capita annual consumption expenditure of urban households by family income level

194 M. Zhou et al.



After the pilot trials, participants responded that the number of questions was too
large and could cause visual fatigue and perfunctory psychology. Therefore, we
deleted repeated tasks and their corresponding questions. Table 3 shows the final
questionnaire. The complexity and difficulty of each part’s questions grow
stepwise.

Fig. 4 Average education level of rural family’s laborers by family income level
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4.3 Procedure

The user study was conducted via a questionnaire on native HTML5 web pages.
The subjects and questionnaires were equally divided into seven groups. Each
subject was allowed to conduct the test independently before the deadline. The
entire user study lasted for 14 days, from May 5, 2016 to May 19, 2016.

The first several pages of the web questionnaire contained detailed introductions
to Treemaps and cartographic data, as well as instructions for answering. Each
answer interface consisted of only one question with the corresponding Treemap
placed under it. Subjects were asked to answer multiple-choice or free response
without interruption. If subjects struggled to accomplish a task, they could choose
the response “hard to tell or cannot tell.” After completing one question, subjects
clicked a button to jump to the next question, repeating the process until the entire
questionnaire was complete. Subjects could not return to previous pages to change
their selections.

Fig. 5 Air quality levels as depicted through Treemaps
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4.4 Subjects

The subjects were divided into seven groups. We invited subjects to participate in
our study until the numbers of valid answer sheets from different groups were equal.
Finally, the user study had 101 subjects in total, and we received 91 valid answer

Table 3 Questions for each type of statistical data

Task Questions

Part A

Elements locating Q1. Find the f5 sub-rectangles in Guangdong and Gansu respectively
Q2. Find the f6 and c7 sub-rectangles in Guangdong province

respectively
Visual comparison Q3. Compare the sizes of the f3 and f5 sub-rectangles in Gansu, and

choose the bigger one
Q4. Compare the sizes of the RE rectangles in Guangdong and Gansu,

and choose the bigger one
Q5. Compare the proportions of the f9 sub-rectangle in the F rectangle in

Guangdong and Gansu, and choose the larger one
Visual ranking Q6. Rank the F, C, R, TC, HM, H, RE and M rectangles according to

their sizes in a descending order
Q7. Rank the f1, f2, f3, f4, f5, f6, f7, f8, and f9 rectangles according to

their sizes in a descending order
Part B(a)

Elements locating Q8. Find sub-rectangles numbered 5 in the “Lower Middle” rectangles in
Guangdong and Gansu respectively

Visual comparison Q9. Visually “add” the sub-rectangles numbered 6 in Guangdong and
Gansu respectively, and choose the city that has the larger total area
of the sub-rectangles

Correlation
exploring

Q10. How does the proportion of the sub-rectangle numbered 1 in each
first-level rectangle change with the family income increasing?

Part B(b)

Characterize
Distribution

Q11. Characterize the distribution of different education level people in
middle-income families

Correlation
exploring

Q12. In which province the sum of labor force whose education level is
coded by 4, 5 and 6 changes more obvious with the family income
increasing?

Part C

Locate elements Q13. Find the sub-rectangle representing the air quality of 7 June in
Xiamen and the sub-rectangle representing the air quality of 21
August in Shijiazhuang respectively

Trend detecting Q14. How did the air quality of Shijiazhuang change in November?
Q15. How did the air quality of Shijiazhuang change in the whole year?
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sheets from 54 females and 37 males. The subjects were found in school libraries
randomly, each subject participated in the user study could get a gift, such as a
notebook. Subjects had different academic backgrounds. They were asked to take a
color vision test from Colblindor (http://www.color-blindness.com/color-
arrangement-test/), and all reported normal color vision. In the brief background
questionnaire, no participants reported using a Treemap before.

5 Results and Discussion

Response accuracy and response time—the indicators for evaluating the effec-
tiveness and efficiency of Treemaps used as diagrams in cartography—were ana-
lyzed as follows.

We used one-way ANOVA test, Kruskal-Wallis test, and pairwise comparisons
to analyze response time. Before analyzing response time, we conducted a Kol-
mogorov–Smirnov test between the response times of correct and incorrect answers
for each question, concluding that there was no significant difference between the
two groups in terms of response times. Therefore, we did not filter out the incorrect
responses. As the response time distributions for most questions were skewed to the
left, we first conducted lg-transformation to normalize the values (Ulrich and Miller
1993). If the P-value of the homogeneity test for variance was still less than 0.05
after lg-transformation, we used Kruskal-Wallis tests to analyze the group of
response times; otherwise, we used the one-way ANOVA test. The entire analysis
was executed in SPSS 20.0, with the results shown in Table 4. The significance
tests reveal that the differences in response times between algorithms for most
questions are statistically significant, except for Q2, Q6, Q7, and Q14.

Tables 5, 6, 7, 8, 9 and 10 show response accuracy and response time. The
response times for Q2, Q6, Q7, and Q14 are not listed, because they lack statistical
significance.

Element locating. The accuracy rate of the element locating tasks (Q1, Q8, and
Q13) was 100% and is therefore not listed in Table 5. In Q1 and Q8, the results
indicate that the slice-and-dice and strip algorithms took the least time. In Q1, the
squarified algorithm took the longest time. And in Q13, pivot-by-split-size took the
longest time. The capacity to retain the input data order and not change with data
changes may influence the time required to accomplish elements locating tasks.

Visual comparison. As shown in Table 6, the slice-and-dice algorithm is most
effective for completing visual comparison tasks, followed by the pivot-by-size and
squarified algorithms based on the response accuracy. Overall, the evidence
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showing differences in response time is very weak. Results of response time in Q5
show that the slice-and-dice, strip, pivot-by-size, and ordered squarified algorithms
take less time than pivot algorithms. Slice-and-dice takes the least time for Q9.
However, the evidence is weak for the rest of the questions that address this task.
The slice-and-dice Treemap fixes one side of each rectangle, making it much easier
and more accurate to compare sizes. The pivot-by-size Treemap fixes one side of

Table 4 Values of statistical indicators

Question P-value of
homogeneity of
variances

Method F H P-value Pairwise
comparisons

Q1 0.068 One-way
ANOVA

17.265 – 0.000 LSD

Q2 0.055 One-way
ANOVA

2.136 – 0.058 –

Q3 0.006 Kruskal-Wallis
test

– 20.549 0.002 Dunn-Bonferroni

Q4 0.017 Kruskal-Wallis
test

– 21.238 0.002 Dunn-Bonferroni

Q5 0.184 One-way
ANOVA

7.314 – 0.000 LSD

Q6 0.000 Kruskal-Wallis
test

7.132 0.309 –

Q7 0.545 One-way
ANOVA

0.360 – 0.902

Q8 0.265 One-way
ANOVA

6.577 – 0.000 LSD

Q9 0.187 One-way
ANOVA

3.016 – 0.010 LSD

Q10 0.001 Kruskal-Wallis
test

– 23.449 0.001 Dunn-Bonferroni

Q11 0.102 One-way
ANOVA

5.161 – 0.000 LSD

Q12 0.000 Kruskal-Wallis
test

– 11.375 0.000 Dunn-Bonferroni

Q13 0.075 One-way
ANOVA

3.662 – 0.005 LSD

Q14 0.410 One-way
ANOVA

2.046 – 0.082 –

Q15 0.079 One-way
ANOVA

5.096 0.000 LSD
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some rectangles, also making it easier to some extent. Although the squarified
Treemap arranges sub-rectangles in order of size, which is helpful for recognizing
the largest and smallest elements and making rough comparisons, accuracy is still
lower than for the slice-and-dice Treemap.

Visual ranking. As shown in Table 7, results of Q6 indicate that the “F”, and
order of the “HM,” “H,” and “M” rectangles are easy to recognize across all
Treemaps. However, a small number of subjects did not see the “M” rectangle in
the slice-and-dice and pivot-by-middle Treemaps, perhaps because this rectangle is
too narrow to be observed. The results of the pivot-by-split-size algorithm show that
more than half of mistakes occurred among the “R,” “TC,” and “RE” rectangles.
Mistakes in Q7 occurred in comparisons among the “f1,” “f3,” “f5,” and “f6”
rectangles, as well as in the comparison between the “f2” and “f9” rectangles and in
the comparison between the “f7” and “f8” rectangles. Fixing one side of the
sub-rectangles can help to complete the visual ranking task more easily and
accurately. However, when very narrow sub-rectangles exist, the accuracy of the
ranking task will decrease. Differences in response time for different algorithms

Table 5 Response accuracy and response time (task type: Element locating)

Question Response accuracy (%) Response time (s)

Q1 N.A.

a b c d e f g
0

10

20

30

40

Q8 N.A.

a b c d e f g
0

10

20

30

40

Q13 N.A.

a b c d e f g
0

10

20

30

40

Statistically significant relationships

a slice-and-dice, b squarified, c pivot-by-middle,
d pivot-by-split-size, e pivot-by-size, f strip, g ordered squarified
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were not significant. Overall, the slice-and-dice and pivot-by-size algorithms per-
formed best in the ranking task.

Characterize distribution. As shown in Table 8, results indicate that
slice-and-dice is the most effective algorithm based on the response accuracy,
followed by strip and pivot-by-size. The slice-and-dice, strip, and ordered squarified

Table 6 Response accuracy and response time (task type: Visual comparison)

Question Response accuracy (%) Response time (s)

Q3

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

a b c d e f g
0

10

20

30

40

Q4

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

a b c d e f g
0

10

20

30

40

Q5

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

a b c d e f g
0

10

20

30

40

Q9

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

a b c d e f g
0

10

20

30

40

Total

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

Correct

Incorrect

Hard or cannot tell

N.A.

Statistically significant relationships

a slice-and-dice, b squarified, c pivot-by-middle,
d pivot-by-split-size, e pivot-by-size, f strip, g ordered squarified
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Table 7 Response accuracy and response time (task type: Visual ranking)

Question Response accuracy (%) Response time (s)

Q6

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0 N.A.

Q7

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0 N.A.

Total

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

Correct

Incorrect

Hard or cannot tell

N.A.

a slice-and-dice, b squarified, c pivot-by-middle,
d pivot-by-split-size, e pivot-by-size, f strip, g ordered
squarified

Table 8 Response accuracy and response time (task type: Characterize distribution)

Question Response accuracy (%) Response time (s)

Q11

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

a b c d e f g
0

10

20

30

40
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algorithms are most efficient based on the response time. These results may mean
that maintaining input order is crucial to the characterize distribution task.

Correlation exploring. As shown in Table 9, slice-and-dice is also the most
effective algorithm for the correlation exploring task based on the response accu-
racy. In Q10, differences in response time among different algorithms were not
significant, while in Q12, slice-and-dice took the least time. These results partially
indicate that slice-and-dice is the most efficient algorithm. Slice-and-dice is suitable
for detecting relationships between two independent variables. The reason could be
that changes in attribute values do not cause changes in the structure of the
slice-and-dice Treemap.

Trend detecting. As shown in Table 10, the slice-and-dice, strip, and ordered
squarified algorithms performed better than the others in response accuracy. In Q15,
the slice-and-dice and strip algorithms took less time. These results suggest that
keeping relatively high consistency in input order and display order and displaying
results in an order that users are accustomed to could be important to the trend
detecting task.

Table 9 Response accuracy and response time (task type: Correlation exploring)

Question Response accuracy (%) Response time (s)

Q10

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

a b c d e f g
0

10

20

30

40

Q12

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

a b c d e f g
0

10

20

30

40

Total

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

Correct

Incorrect

Hard or cannot tell

N.A.

Statistically significant relationships

a slice-and-dice, b squarified, c pivot-by-middle,
d pivot-by-split-size, e pivot-by-size, f strip, g ordered squarified
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6 Conclusion

This paper evaluated the effectiveness and efficiency of different Treemaps as
diagrams in cartography. Considering both response time and response accuracy for
each type of task, slice-and-dice is the most suitable algorithm to represent true
hierarchy, followed by pivot-by-size; however, when very small rectangles occur in
slice-and-dice, pivot-by-size works better. In representing false hierarchy,
slice-and-dice is again the most suitable algorithm. When representing time series,
the slice-and-dice, strip and ordered squarified algorithms are suitable. The evalu-
ation results can be used as a guide for choosing Treemap algorithms.

The data that we evaluated contain only dozens of nodes, and the data are
represented by static Treemaps. When the data volume increases, the data can be
better represented by dynamic and interactive Treemaps. This study did not con-
sider tasks for dynamic and interactive Treemaps. It is possible that both the
effectiveness and efficiency of Treemap representation may change with the aid of
good interaction, and this is the future work of our study.

Table 10 Response accuracy and response time (task type: Trend detecting)

Question Response accuracy (%) Response time (s)

Q14

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0 N.A.

Q15

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

a b c d e f g
0

10
20
30
40
50
60
70

Total

a b c d e f g
0.0

0.2

0.4

0.6

0.8

1.0

Correct

Incorrect

Hard or cannot tell

N.A.

Statistically significant relationships

a slice-and-dice, b squarified, c pivot-by-middle,
d pivot-by-split-size, e pivot-by-size, f strip, g ordered squarified
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