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ABSTRACT

Likert scale data correspond to data collected from question-
naires, where there are several statements about a fact, situ-
ation, design or technique, and the respondents must specify
their level of agreement with each statement by marking one
of several ordered alternatives. Often, five choices are posed
to respondents (strongly agree, agree, neither agree nor di-
sagree, disagree and strongly disagree) for each statement.
Data obtained with such surveys are translated to numeri-
cal scores to undergo statistical analysis, and are presented
graphically in a number of different ways. When evaluating
information visualization techniques, for comparison purpo-
ses it is often necessary to apply the same Likert-scale ba-
sed questionnaire to different views or techniques. Most of
the existing tools, however, do not support the simultane-
ous analysis of multiple Likert scale datasets. This paper
presents an interactive visualization technique to help the
analysis of Likert scale data obtained from several, alterna-
tive sources. The technique is based on a hybrid table and
bar chart view, and provides different interactive tools to
support data exploration. We describe the use of our tool
in a case study where we compare different graph layouts.

Categories and Subject Descriptors

H.5.2 [Information Systems Applications]: User Inter-
faces — Evaluation/methodology; D.2.2 [Software Engine-
ering]: Design Tools and Techniques — User Interfaces

Keywords

Information Visualization, User Interfaces, Likert scale

1. INTRODUCTION

One of the most used methods for collecting data during
the evaluation of user interfaces or interactive applications
is applying a questionnaire that gathers users’ opinions af-
ter they use the interface or the application for some time.

Whether the selected evaluation model is a simple, free ex-
ploration of the software, or a formal experiment with a
strict protocol, questionnaires allow one to collect informa-
tion about the users’ subjective satisfaction, and as such can
be difficult to analyze.

To facilitate the interpretation of users’ responses to ques-
tionnaires, one can use the Likert scale to build the set
of possible answers. Originally introduced by psychologist
Rensis Likert in 1932 10|, the Likert scale has become the
most widely used psychometric response scale. The scale
consists of several statements, or Likert items, to which res-
pondents specify their level of agreement by marking, for
each statement, one of several ordered response alternati-
ves. While most often used with five response alternatives,
this is not a rule, with seven and ten-point scales also being
common. A typical five-point Likert scale consists of the
following ordered response options: 1 - Strongly Disagree,
2 - Disagree, 3 - Undecided, 4 - Agree, and 5 - Strongly
Agree. Sometimes the neutral response is omitted, forcing
respondents to take a position of either agreement or disa-
greement. There are also variations to the ordered response
options utilized, which could range for instance, from Very
Not Effective to Very Effective, Never to Very Frequently,
Unimportant to Important, and so on.

Analyses of responses to such questionnaires usually aim
at identifying pros and cons of the evaluated user inter-
face, detecting patterns of responses or correlation between
answers to different statements. Depending on the num-
ber of statements in the questionnaire and the length of the
Likert scale, results can be difficult to analyze. The most
common way of analyzing the responses of such question-
naires is to build static line or bar charts (see, for example,
Figures (1| to 7 and compute some basic statistics.

In information visualization, when evaluating a technique
it is very often necessary to compare different alternative
designs, which imply in comparing responses to different
questionnaires, and consequently comparing several charts
displaying several Likert-scale data sets.

In the present paper we introduce a visualization-based
tool for the analysis of several Likert-scale data sets. The
tool is based on displaying multiple bar charts, and allows
interacting with the data through filtering, selection and ma-
nipulation, so the designer can reach a more solid interpre-
tation of results within a shorter timeframe.

The remainder of the text is organized as follows. Next
section presents the background and a review of related
work. Section 3 describes MCLikertVis, our tool for suppor-
ting the analysis and interpretation of multiple Likert-scale



data sets while Section 4 presents a case study to emphasize
the contributions of the work. Finally, in Section 5 we draw
some conclusions and comment on future research.

2. BACKGROUND AND RELATED WORK
2.1 Analyzing Likert Scale Data

Likert scales are easy to build and analyze, but are also
subject to distortions. Among other reasons, these can be
caused by respondents avoiding extremes, tending to agree
with every statement, or not answering entirely truthfully
in order to portray themselves in a certain way. Problems
can also arise from badly designed questions that may lead
to meaningless answers.

To analyze Likert scale data, one can summate respon-
ses to obtain an overall score for a group of related items,
or analyze each item individually. During the analysis, the
discrete nature of item responses should be respected, since
ignoring this can lead to inferential errors. While the res-
ponses are indeed ordinal, the numbers used to represent
them are just a coding. To summarize the data, therefore,
one should avoid tools that are geared at continuous values,
such as means, because they would have no meaning within
this context (e.g. there is no mean between the concepts
of Agree and Undecided). A better approach would be to
use counts or percentages occurring in the various response
categories to see answer distribution, along with the median
or the mode and the interquartile range, which shows the
variability of the responses in the middle 50.

After descriptive analysis is done, one can make use of
inferential techniques to test hypotheses and compare how
different groups of subjects responded to certain statements.
These techniques include analysis of variance techniques such
as Mann-Whitney (to compare unrelated samples), Wilco-
xon Signed Rank (for paired samples), and Kuskal-Wallis
(for three or more samples). Further summarizing the data
by combining response categories into two nominal catego-
ries (i.e. summing Strongly Agree and Agree into an Agree
category, and Strongly Disagree and Disagree into a Disa-
gree category) allows for more analytical options, such as
the Chi-square test.

It is important to bear in mind that there is no right or
wrong way of analyzing Likert data. It really depends on
the problem at hand. While for some problems a certain
technique might yield meaningful answers to a meaningful
question, the same technique can be completely useless in
other contexts.

While Likert-like surveys can be created by hand and
analyzed by hand or with the help of spreadsheet or statis-
tics software, there are some online tools that help make the
whole process more automatic, with features to create and
distribute the surveys, and analyze and visualize the results.
Amongst these tools, we find the commercial tools WAMMI
, SurveyGizmo , and SuperSurvey , with the latter
two also having free versions. Another free alternative for
simple survey building is Google Docs.

2.2 Visual Reporting on Likert Scale Data

There is no standard visual representation for Likert data,
with the choice of which one to use depending highly on
what is being studied and how the analyst wants to show it.
The most widely used chart type for Likert scales is the bar
chart (Figure (1)), which places the count or percentage in

one axis (usually the vertical) and the ordered response ca-
tegories on the other (the horizontal axis). Response distri-
bution for each category is represented by a bar with height
corresponding to the amount or percentage of respondents
that chose it for a given Likert item (statement). For com-
parison purposes, it is sometimes interesting to show seve-
ral Likert items in the same bar chart by placing different-
colored bars side by side, with each color corresponding to
a different statement (Figure [2]).

60.00%
50.00%
40.00%
30.00%
20.00%
10.00% I
0.00% | | m
Strongly Agree Undecided Disagree Strongly
Agree Disagree
Figure 1: Simple bar chart.
60.00% msi
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40.00% us2
30.00% ms3
20.00% - mSs4
10.00% - S5
0.00% -
. . mS6
Strongly Agree Undecided Disagree Strongly
Agree Disagree us7

Figure 2: Multi-statement bar chart.

Another approach for showing multiple statements simul-
taneously is to use stacked bar charts (Figure , which
show response distribution by subdividing, for each state-
ment, a single bar into several colors, each representing a
response category. The colored subdivisions follow the same
order in every bar, respecting the ordinal trait of the catego-
ries, and have size proportional to the amount of respondents
that chose the category they represent.

S1 28.57% 21.43% 28.57% o 2143%
S2 21.43% 42.86% 14.29% [714%
S3 28.57% 28.57% 21.43% 0 2143%
Y 28.57% 35.71% 28.57% 7.14%
S5 21.43% 21.43% 50.00% 7.14%
S6 21.43% 14.29% = 14.29% [NA25%W
S7 7.14% 21.43% 21.43% ~ s5000%

B Strongly Disagree Disagree Undecided Agree M Strongly Agree

Figure 3: Stacked bar chart.

A variation of stacked bar charts is the centered stac-
ked bar chart (Figure. It works in a similar fashion to a



typical bar chart, but removes the neutral response category
in order to place the right end of the mildest negative cate-
gory subdivision at the same position of the horizontal axis
as the left end of the mildest positive category subdivision.
This creates a central line dividing positive from negative
responses, allowing for the skew between them to be seen
more easily.

L
s1 28.57% 28.57%

Coaex
2 21.43% 1420% AN

s3 28.57% 2143%  IENZIESEIN

s 2857% 2857% 718%

ss 21.43% 50.00% 7.14%

e — — T

s | 706 ne% SN

W Strongly Disagree Disagree Agree M Strongly Agree

Figure 4: Centered stacked bar chart.

Other sometimes used approaches to visualize Likert data
include dot charts, which substitute dots for bars, pla-
cing them where the upper end of a bar would be, and pie
charts, which for each statement creates colored subdivi-
sions in a circle corresponding to each response category,
with each subdivision assuming a size proportional to the
percentage of respondents that chose its category.

Different computational tools can be used to build charts
for Likert data. These range from generic spreadsheet ap-
plications, such as Microsoft Excel, to statistics tools such
as SPSS and the R programming language. Particularly in-
teresting is Tableau , a commercial MS Windows-based
software package that can be used to build rich, interactive
visualizations of tabular data (including, or course, Likert
scales). A free version of Tableau, called Tableau Public, is
available.

3. MULTICHART LIKERT SCALE VISUA-
LIZATION

Despite the existence of interactive analysis tools such as
Tableau , the common way of presenting Likert scale data
is with static tables and simple charts. This imposes difficul-
ties, especially when one needs to compare multiple datasets,
i.e., responses obtained from several instances of the same
questionnaire (the same set of Likert items), each evaluating
a different design. This would be the case, for example, of
comparing different visualization tools that target the same
problem, or various designs of a new cell phone. In this
case, each visualization tool or alternative design would be
evaluated through the same questionnaire resulting different
datasets.

Our proposal to address this issue is by means of a new vi-
sualization tool called Multichart Likert Scale Visualization,
or MCLikertVis, which consists of a matrix of charts (Stac-
ked Bar, Simple Bars and Pie) organized so that the lines
represent datasets, while the columns are the Likert items
(Figure [5)). This visualization was inspired by ScatterDice
, in which the user can navigate in a scatterplot matrix
and interact with the individual plots.

Selecting a chart in this matrix (see area 1, Figure@ trig-
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Figure 5: MCLikertVis stacked bar chart default
visualization.

gers its display in the details panel (see area 2, Figure |§[)
Below this panel, basic statistics such as Mode, 1st Quar-
tile, Median (2nd Quartile), 3rd Quartile and Interquartile
Range are shown (area 3, Figure E[) Area 4, also in Figure
[6] displays a set of widgets that allows users to simplify the
charts by aggregating the responses “Agree” and “Disagree”,
and to apply different filters that exclude from the matrix
those charts that do not comply with the filtering parame-
ters. Users can also select the type of chart to be displayed
in the matrix, with the current options being Stacked Bar,
Simple Bar and Pie charts.

Figure[7]shows an example where the user has aggregated
the responses “Agree” and “Disagree”, so that the charts have
only three possible levels. Also, we can observe that the
matrix of charts is sparse because the user has set a filter
of “disagree level” at 20%. If the datasets correspond to
different design alternatives for a web site, for example, this
filtering allows the user to quickly analyze the alternatives
that correspond to good or bad designs.

Figures [§] and [0] show other possible visualizations with
MCLikertVis, based on Simple Bar and Pie charts, respec-
tively. Both examples were obtained with the application of
filters. One can also observe that the application of filters
are actually queries over the datasets, with the results being
shown in different panes (notice the TabbedPane at the top
of main area). By browsing through the different panes, the
user can rapidly compare several filtered views of the same
data.

Additionally, the tool provides the ability of exporting
graphical output in PNG, JPEG or GIF, and printing the
results.

The process of building such visualizations begins with lo-
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ading and parsing a data file generated by some tabulation
tool (currently MCLikertVis reads well-formed XML files).
With the data loaded, the tool performs the required calcu-
lation for plotting the data as well as basic statistics. The
matrix of charts and the details area are displayed, and the
tool is ready for user interaction. Figure illustrates this
process.

Load and Calculate
parsing survey data and Drafwhma!r\x d D_Iraw . SI?.OW.
data file basic statistics of charts etails area visualization

1

Figure 10: MCLikertVis Pipeline.

The parsing is performed on a proposed XML model re-
presented in Figure [[I] The Survey node consists of a set
of dataset nodes, which represent the items that are being
evaluated and a set of Statement nodes that are used in the
evaluation procedure. The answer nodes are formed by the
association between dataset and statement, storing the value
from 1 to 5 (from Strongly Disagree to Strongly Agree).

Survey

1.* 1..%

Statement Dataset

1 Answer

Figure 11: Abstract survey model.

4. CASE STUDY

In order to describe (and obtain a first evaluation of) the
use of MCLikertVis, we performed a case study, where we
evaluated a set of 11 graph layouts using a list of 7 affirma-
tive statements and a 5-point Likert scale.

The case study is based on the subsequent work done on
the MagnetViz technique that was originally presented by
Spritzer and Freitas . MagnetViz is a graph visualiza-
tion technique that allows users to interactively manipulate
force-directed graph layouts to make them tailored for their
specific applications. This is done by means of virtual mag-
nets, which can be placed anywhere on the scene and set
to attract nodes and edges based on graph topology, the
content of their attributes, or even on what other magnets
attract or not. Figure[12|shows a graph visualization where
some subgraphs are separated by means of virtual magnets.

In the original paper , MagnetViz’s evaluation consis-
ted only of a very brief assessment of the technique against
a task taxonomy for graph visualizations Eﬂ Since then,

Figure 12: Graph visualization using MagnetViz.

MagnetViz underwent several changes and improvements,
and was also subjected to a thorough validation process .
This process included an evaluation of aesthetic quality of
the layouts generated with the technique, which was done
by means of a user study.

The user study for evaluating MagnetViz’s layout qua-
lity consisted of showing subjects an original force-directed
layout and 10 modified versions made with MagnetViz. For
each of the modified versions, users were given descriptions
of what the image intended to portray. Subjects were asked
to visually inspect each layout and rate them on a 5-point
Likert scale according to their level of agreement to 7 affir-
mative statements.

To analyze the results, the mode and interquartile range of
subject answers to each statement were computed for every
layout, and bar charts were used to visualize subject answer
distribution. One bar chart was drawn for each layout, with
each statement being represented by bars of different colors.
Initially, the bar charts were drawn as in Figure[d but then,
to allow for easier reading, charts were made as in Figure
@, in which agreement and disagreement answers were ag-
gregated (i.e. “Strongly Agree” and “Agree” became a single
“Agree” category, with the same being done for “Strongly
Disagree” and “Disagree”).

While by no means a bad visualization, in the case of
the MagnetViz layout quality user study, these bar charts
had some disadvantages from both practical and analytical
standpoints. The practical disadvantages come from all the
space these charts take up on a page, especially since each
layout required a different chart. A large number of separate
charts will make any evaluation report very difficult to ana-
lize. The analytical disadvantage is that the charts aggre-
gate answers by layout, facilitating statement-to-statement
comparisons within a single layout, but making it more dif-
ficult to see how a statement in a certain layout fares in rela-
tion to the same statement on another layout. Another main
analytical disadvantage is that these charts are static, being
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Figure 13: Bar charts used in the analysis of the
answers to the MagnetViz layout quality user study.
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Figure 14: Aggregated bar charts for the same data
used in Figure

more useful to illustrate rather than to actually explore the
data and make new discoveries. With MCLikertVis, all of
these issues are dealt with.

MCLikertVis’s approach of visualizing responses’ distri-
butions by means of an interactive matrix of charts is able
to show simultaneously the answers to all statements for
every layout, reducing page space requirements. The dispo-
sition of the answer distributions on a matrix also makes it
easier to make comparisons, both regarding different state-
ments on a same layout and the same statement on different
layouts. This increase in ease of visual analysis is further
supported by the exploratory tools. Aggregation cleans up
the visualization, making certain aspects immediately clear,
while filtering with the mode and interquartile range allows
one to focus on the single layout-statements that had more
or less variability in their answer distributions.

Figureshows a stacked bar chart visualization generated
by MCLikertVis representing the distribution of MagnetViz
layout quality user study’s answers. It can be seen from the
outset for all charts that subjects were evenly distributed
amongst all answer categories in statement 6. It can also be
seen that the seventh layout (D07 in the picture) received in
general more neutral and negative answers than the others.
Overall, however, answers seem to have fallen mostly in the
two agreement categories. This is made clearer in Figure
in which aggregation was turned on for both “Agree”
and “Disagree” answers. Significant negative answers can be
seen only in all statements concerning the seventh layout
and in the sixth statement regarding each of the layouts.
By turning off aggregation and filtering in this chart to find
which statement answers had interquartile range higher than

2 (and thus a high variability), we end up with Figure In
this Figure it can be seen that regarding the sixth statement,
subjects were almost evenly divided among positive and ne-
gative answers, with only a few marking the neutral answer.
Still, a significant amount of people who marked “Strongly
Disagree” only appeared in layout 07 (D07, statement 6). It
can also be seen that in three layouts statement 7 received
significant disagreement or neutral answers, despite leaning
a bit more towards agreement. One can observe as well that
while most subjects agreed with Layout 01 (D01, statement
2), a non-negligible number of people disagreed with it.

From what we have observed, MCLikertVis has fulfilled
the needs of exploring the range of different answers.
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Figure 15: Answer aggregation in MCLikertVis on
the MagnetViz dataset.

S. CONCLUSION

Likert scales are often adopted by psychologists, social re-
searchers and also in any qualitative evaluation procedure.
In general, Likert scales are easy to build and analyze, but
usually that work is made with the help of traditional spre-
adsheets or data analysis tools, without the benefits of inte-
ractive visualization. Indeed, potential users of information
visualization techniques often work with traditional statisti-
cal packages, and few know the benefits of interactive visu-
alization.

An information visualization technique is meant to sup-
port the analysis and comprehension of (often large and/or
complex) data sets in order to reveal or enhance features,
patterns, clusters and trends, not always visible even when
using a graphical representation. A practical example is the
visualization of data obtained from user interface evaluation
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Figure 16: Filtering the MagnetViz dataset with the
interquartile range.

methods, from which one would like to quickly identify po-
tential usability problems and successful design choices.

In this paper we have presented an interactive visualiza-
tion technique to help the analysis of Likert scale data. The
main advantages of our tool is the possibility of comparing
(using interactive features) the outcomes of the application
of multiple instances of the same questionnaire, i.e., the same
set of Likert items applied to different elements under eva-
luation. This work has also practical implications: to the
best of our knowledge, there is no specific tool for the analy-
sis and representation of Likert scale data. We have shown
how to use MCLikertVis by presenting a case study where
we analyzed the results of a user study on the layout quality
of MagnetViz, a graph visualization tool [11].

MClLikertVis is particularly interesting for the analysis of
data resulting from the evaluation of information visuali-
zation techniques because, although we agree with [8] and
[5] concerning to the importance of quantitative evaluation
methods, the evaluation process of such visualization tech-
niques should follow rigorous human-computer interaction
empirical methods with more culturally inspired approaches
(see a discussion in [6] regarding this).

Future work include providing other kinds of charts as
well as reordering lines and columns in the matrix of charts,
like ScatterDice|7] does, so the user can put side by side two
designs (lines) or two related Likert items (columns) and ob-
serve possible correlations. Finally, although we have suc-
cessfully experimented MCLikertVis to analyze data from a
qualitative evaluation procedure performed by Spritzer and
Freitas [11], a thorough evaluation of MCLikertVis is our
next step.
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