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Abstract

Likert scales are often used in visualization evaluations to produce quantitative estimates of subjective attributes, such as
ease of use or aesthetic appeal. However, the methods used to collect, analyze, and visualize data collected with Likert scales
are inconsistent among evaluations in visualization papers. In this paper, we examine the use of Likert scales as a tool for
measuring subjective response in a systematic review of 134 visualization evaluations published between 2009 and 2019. We
find that papers with both objective and subjective measures do not hold the same reporting and analysis standards for both
aspects of their evaluation, producing less rigorous work for the subjective qualities measured by Likert scales. Additionally,
we demonstrate that many papers are inconsistent in their interpretations of Likert data as discrete or continuous and may even
sacrifice statistical power by applying nonparametric tests unnecessarily. Finally, we identify instances where key details about
Likert item construction with the potential to bias participant responses are omitted from evaluation methodology reporting,
inhibiting the feasibility and reliability of future replication studies. We summarize recommendations from other fields for best
practices with Likert data in visualization evaluations, based on the results of our survey. A full copy of this paper and all

supplementary material are available at https://osf.io0/exbz8/.

CCS Concepts

¢ Human-centered computing — Visualization design and evaluation methods; Empirical studies in visualization;

1. Introduction

Evaluations are critical for assessing the validity of visualization
techniques and systems [IIC* 13, Kos16]. The metrics by which vi-
sualizations and systems are considered successful depend on the
application and the researchers’ goals. Many researchers are inter-
ested in objective measures, such as time or accuracy, while oth-
ers are interested in subjective data sources, such as ease of use
or user confidence. Subjective response is often measured quali-
tatively through interviews or free-response questions and conse-
quently analyzed with qualitative techniques such as open coding
or rich description. However, qualitative methods are not always
appropriate for a subjective evaluation. For example, researchers
might be interested in directly comparing the subjective perfor-
mance of two visualizations, a task that could be more difficult
with unstructured qualitative data. Likert scales allow researchers
to collect quantitative estimates of subjective traits, producing nu-
meric data that can be summarized and visualized in the similar
manner to other quantitative data collected in an evaluation.

Guidelines intended to help researchers use Likert scales in a
responsible manner are nearly as ubiquitous as Likert scales them-
selves across a multitude of scientific disciplines, such as agricul-
ture [CD94], pharmaceuticals [Harl5], and psychology [LK18].
These guidelines exist for good reason; the process of running a
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study with a Likert questionnaire is full of potential pitfalls that
can jeopardize the scientific validity of a study. Prior to running an
experiment, researchers must make decisions about the construc-
tion of their Likert scales, such as the number of response options
to include and the phrasing of individual Likert item statements.
These details of Likert scale construction can affect how partici-
pants respond to a questionnaire, so researchers must be careful
when constructing their Likert scales and precise when reporting
their experimental procedure in their paper. Even after the Likert
questionnaire has been constructed, researchers must decide how
they will analyze and interpret the data collected from the ques-
tionnaire. The measurements produced by Likert scales can be in-
terpreted as ordinal (i.e., discrete) or interval (i.e., continuous) in
nature, depending on how the Likert item was constructed. The de-
cision to interpret Likert data as ordinal or interval influences the
methods researchers use to summarize and, if applicable, run sta-
tistical tests on Likert data. Ordinal data are generally summarized
using the median as a summary statistic and analyzed using non-
parametric statistical procedures, while arithmetic mean and para-
metric statistical procedures are appropriate for interval data.

Despite the volume of guidelines that have been written about
Likert scales, there is noticeable variation in how Likert data are
reported and interpreted in visualization evaluations. For example,
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some evaluations handle Likert data according to best practices for
quantitative data. These papers report effect sizes alongside mea-
sures of uncertainty, include visualizations of the data, and con-
duct statistical analysis, such as estimation or NHST, if the Likert
data is used for confirmatory research. Other evaluations take dif-
ferent approaches to analyzing Likert data, such as reporting means
without a measure of uncertainty or describing the responses of in-
dividual participants without a discussion about broader patterns
in participant responses. Some authors give detailed descriptions
of the Likert questionnaires given to participants, while others in-
clude only a handful of details about what questions participants
were asked. Lack of detail in reporting how Likert questionnaires
were constructed can impede valid replications in future studies and
mislead readers and reviewers, as we explain in Section 3.1. There
are plenty of guidelines for the proper handling of Likert scales,
but do visualization researchers follow the best practices set forth
in these guidelines? What consequences might we face if we do not
adhere to best practices for handling Likert data in our visualization
evaluations?

This survey paper contributes the first systematic analysis of Lik-
ert scale use in visualization evaluations. Through a literature sur-
vey and systematic review of 134 visualization papers, we inves-
tigate three aspects of Likert scale usage with the potential to im-
pact the scientific validity of a visualization evaluation. First, we
find that authors frequently omit details about how Likert ques-
tionnaires were constructed and presented to research participants.
These details can affect participant responses, and are necessary
to help readers contextualize results and enable other researchers
to reliably replicate studies in the future. Second, we identify in-
consistencies in the interpretation of Likert data as interval or ordi-
nal within individual papers and discuss the adverse impacts these
inconsistencies could have on the validity of results. Finally, we
compare the handling of objective and subjective measures in visu-
alization evaluations and find that Likert data are often handled dif-
ferently than objective measures in studies that collect both types
of data. As a resource for the visualization community, we addi-
tionally provide a concise summary of best practices and guide-
lines drawn from other fields including statistics, psychology, and
HCI to assist visualization researchers in the effective use of Likert
scales (Section 6.2). All paper and survey materials are available at
https://osf.io/exbz8/.

2. Related work
2.1. Improving visualization evaluations

Literature surveys of published visualization evaluation papers
have historically been used to better understand current evalua-
tion practices within the visualization community and to illustrate
the need for improvements. Lam et al. and Isenberg et al. studied
the characteristics and goals of visualization evaluations in gen-
eral [IIC*13,LBI*11], while Hullman et al. conducted a survey spe-
cific to evaluations of uncertainty visualizations [HQC™18]. Sev-
eral other notable critiques of visualization evaluation practices are
relevant to our work, such as Correll’s discussion of the “heroic
age” of visualization [Cor20] and Kosara’s examination of what
we truly know about visualization after decades of perceptual eval-
uations [Kos16]. Guidelines specific to qualitative and quantitative
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Figure 1: A Likert scale consists of a series of Likert items, each
accompanied by numbered response options and text anchors.

data in visualization evaluations were also useful to us in compil-
ing our recommendations for the handling of quantitative subjective
data. Meyer and Dykes provide guidelines for improving the rigor
of qualitative research in visualization [MD19]. Several papers doc-
ument the current state of quantitative evaluations in HCI and vi-
sualization and propose recommendations for improving rigor and
external validity [Cail6,KR12,Kos16]. Statistical practices in HCI
and visualization have been brought into question in recent years. A
particular concern is the field’s overreliance on dichotomous infer-
ence as a result of NHST [BD19] and the potential for a replication
crisis in empirical computer science research [CDBG20]. Several
solutions have been proposed to address these issues, including re-
quiring the preregistration of analysis plans prior to running stud-
ies [CGD18]. In this paper, we focus on documenting how sub-
jective evaluations with Likert scales are handled in visualization
papers, with an emphasis on two aspects of statistical practices: re-
porting of methodological details for replication (Section 3.1) and
methods used to summarize, analyze, and report Likert data (Sec-
tions 3.2 and 3.3).

2.2. Understanding the Likert scale

Proper methods for handling Likert data are rarely mentioned
in evaluation methodology work within HCI or visualization,
aside from Kaptein, Nass, & Markopoulos’ recommendations for
nonparametric analysis methods for Likert data in HCI studies
[KNM10]. For additional background on Likert scales, in Sec-
tion 3 we pull from the wide variety of fields that rely on these
scales to collect quantitative subjective data. Harpe provides a com-
prehensive overview of the history and appropriate use of Lik-
ert scales [Har15]. Liddell and Kruschke demonstrated through a
simulation study that applying metric models to ordinal data can
lead to erroneous conclusions, after a survey of psychology papers
found that most researchers used parametric tests when analyzing
Likert data [LK18]. Other studies have found the opposite effect
when comparing the power of parametric and nonparametric tests
on simulated datasets, demonstrating that both types of tests per-
form equally well on Likert data [CPOS, Nor10]. In this paper, we
contribute a survey of how Likert scales are used in-the-wild in vi-
sualization evaluations.
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3. Likert scale background
3.1. Constructing Likert scales

A Likert scale consists of one or more statements or questions ac-
companied by a range of response options. Each individual item in
the questionnaire is referred to as a Likert item; the term Likert
scale refers to all the Likert items in the questionnaire as whole.
See Figure 1 for an illustrated overview of terms. Several elements
of Likert item construction can influence how participants perceive
and respond to a subjective questionnaire, such as the number of re-
sponse options [CRSH17], the text anchors corresponding to each
response option [HB10], the phrasing of each Likert item [FA99],
and the numerical representation attached to each response op-
tion [SKH*91]. There is no single recipe that is perfect for all sce-
narios; in most cases, the correct construction for an given Likert
item depends on the context of the study.

Validated subjective questionnaires such as the System Us-
ability Scale (SUS) [B*96] or NASA Task Load Index (NASA-
TLX) [HS88] can provide a quick and easy way for researchers
to determine the usability or cognitive workload of a visualization
system using a standardized questionnaire format. The majority of
visualization papers in our survey (Section 4) chose to construct
custom Likert questionnaires (123 papers, 92%), rather than us-
ing standardized questionnaires to elicit subjective response. Of the
eleven papers that used a standardized questionnaire, seven chose
to add a custom Likert questionnaire to their subjective evaluation.
Only three papers relied solely on a standardized questionnaire.
Visualization researchers’ tendency to create new Likert question-
naires for their evaluations makes it critical for our field to under-
stand how differences in Likert item construction can affect par-
ticipant response. Here we detail four elements of Likert item
construction with known response effects and provide examples
of common implementations:

1. Number of choices: The response options that the participant
has to choose from. Most Likert items present 5 or 7 options,
although even-numbered items without a “Neutral” option are
appropriate in certain scenarios, such as when participants are
familiar with the subject matter or operating under social desir-
ability bias (i.e., if respondents feel pressure to select an option
that is perceived as more socially accepted) [CRSH17].

2. Text anchors: The written descriptors that accompany each nu-
meric response option on the Likert scale. Examples include
“Strongly disagree” to “Strongly agree”, “Not at all confident”
to “Very confident”, and “Unsatisfied” to “Satisfied”. Provid-
ing text anchors for all response options yields more reliable
responses than labeling only endpoints [Wen04], except when
Likert items are used to estimate linear relationships [WCS10].

3. Question phrasing: The statement that participants are asked to
respond to. The phrasing most often takes the form of a state-
ment that participants can agree or disagree with, such as “I en-
joyed using the visualization tool.”

4. Numerical representation: The characteristics of the numbers
used to distinguish response options. Ascending scales (e.g., 1
to 5, 0 to 6) are most common, but symbolic (e.g., — to ++) and
diverging (e.g., -2, to 2) representations are also used.

A conceptual replication (i.e., a replication focused on detect-
ing the same effect in a new experiment) requires well-documented
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methods and analyses in the original paper in order to be reli-
able [Kos16]. Replication studies, while currently uncommon in
visualization literature, are important for testing the validity of the
conclusions that form our scientific understanding. An effect that
can be detected by more than one experimenter in separate studies
(i.e., replications) is likely to be robust and not merely the result
of an experimental or statistical error [Kos16, KH18]. Replications
can also help to identify and weed out incorrect conclusions when
effects detected in earlier studies fail to replicate. Proper reporting
of Likert scale design is critical to enabling future replication stud-
ies, as each of the four elements described above can affect how
participants respond to a Likert scale. Without detailed descrip-
tions of Likert scale implementations, it would be impossible to
know whether contradictory results from a replication study truly
repudiate the effect found in the original study or if participants
simply responded differently to the construction of a given Likert
item. Our first research question addresses this issue:

RQ1: Do visualization evaluations include sufficient methodologi-
cal details regarding the collection of Likert data to enable reliable
future replication studies?

3.2. Interpreting Likert scales

The original formulation of the Likert scale, as proposed by Lik-
ert himself, required that responses to the individual Likert items
within the Likert scale be accumulated or aggregated prior to anal-
ysis [Lik32]. For example, a participant’s response to a Likert scale
with three individual Likert items, within the original definition,
would be the sum or the average of their response to the three
items. Analyzing accumulated Likert scale responses in this man-
ner is very uncommon in visualization literature; only one paper
in our literature survey (Section 4) explicitly analyzed aggregate
responses to multiple Likert items— [RHR15]. In an effort to un-
derstand and catalog how Likert scales are used in visualization
evaluations today, our discussion in this paper focuses on analyzing
Likert responses on an item-by-item basis rather than accumulated
responses. For the purposes of accurately describing current prac-
tices in visualization research, the phrase “Likert data” throughout
the rest of the paper refers to individual Likert items, rather than
accumulated scores from multiple items.

When Likert data are summarized with descriptive statistics, vi-
sualized in a chart, or analyzed with a statistical procedure, an as-
sumption is made to interpret the Likert response as interval or
ordinal in nature. If the Likert data are assumed to be from an or-
dinal scale, they should be summarized with descriptive statistics
that require no knowledge beyond the relative ranked ordering of
response options (e.g., median, interquartile range, mode) [Ste46].
Within an ordinalist interpretation, Likert responses should be visu-
alized in a way that emphasizes the discreteness of the data, such as
a histogram or a stacked bar chart. Nonparametric statistical tests
are appropriate for an ordinalist interpretation of Likert data be-
cause no assumptions are made about the normality or continuity
of the data [Har15]. On the other hand, an intervalist interpretation
of Likert responses allows for a wider range of descriptive statistics.
In particular, when equal distances between each response option
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are implied, the arithmetic mean and standard deviation are permis-
sible for data summarization [Ste46]. The mean has been shown to
be a better measure of central tendency than the median when sum-
marizing Likert scale data [Lew93]. Visualization styles that treat
Likert data as continuous are appropriate under an intervalist inter-
pretation, such as bar charts of means or violin plots of densities.
Parametric tests may be appropriate under the intervalist interpreta-
tion if no other violations of test assumptions are present [Har15].

The appropriate interpretation for Likert data depends largely on
how the items are constructed and whether the Likert items within
the scale are measured individually or accumulated into an aver-
age or sum. An accumulated Likert scale (i.e., the sum or aver-
age of responses to multiple Likert items) can generally be con-
sidered a continuous interval measurement [CP08, Harl5, Nor10],
although Jamieson provides an argument against interval interpre-
tations of accumulated Likert scales [Jam04]. Interpretation of indi-
vidual Likert items requires more nuance. Some researchers argue
that individual Likert items should always be interpreted as ordinal,
regardless of how the Likert item is designed [CP0OS, Nor10]. Con-
versely, Harpe argues that responses to individual Likert items with
five or more response options can be interpreted as interval, while
those with four or fewer response options should be restricted to
ordinal interpretations only [Har15, HF69].

Intervalist and ordinalist interpretations are most often consid-
ered in the context of applying parametric or nonparametric analy-
sis to Likert data, but they are also implicitly stated by the descrip-
tive statistics and visualization styles researchers use to summa-
rize Likert data. Inconsistencies between ordinalist and intervalist
interpretations can lead to results that are methodologically and
theoretically unsound and could also threaten the statistical va-
lidity of results. Nonparametric tests have lower statistical power
than their parametric counterparts [Sie57], meaning a nonparamet-
ric procedure will more frequently fail to detect an existing effect.
If the assumptions of a parametric statistical model are in fact ap-
propriate, a researcher who starts out with an intervalist interpreta-
tion (e.g., reporting means and visualizing responses with a violin
plot) may sacrifice statistical power if they switch to an ordinal-
ist interpretation for no reason other than the fact that their data
came from a Likert scale. At the same time, if a researcher is using
nonparametric tests because they have correctly identified that their
experimental design is not an appropriate match for an intervalist
interpretation, they may risk misleading readers or misstating their
statistical conclusions if they use a visualization that emphasizes
intervalist statistics, such as a mean bar chart. To better understand
how intervalist and ordinalist interpretations are used in visualiza-
tion evaluations, we introduce our second research question:

RQ2: Are visualization researchers consistent in their usage of in-
tervalist and ordinalist interpretations to summarize, visualize, and
analyze Likert data in evaluations?

3.3. Handling Likert data

The conflation of the terms “subjective” and “qualitative” [CE18]
when describing data collected with Likert questionnaires may

“Overall, only Visualization B received
answers indicating that participants were
confident in their answers.”

Figure 2: Describing Likert results verbally without giving the
reader quantitative estimates of centrality and uncertainty can be
ambiguous and may mislead the reader.

have contributed to inconsistent practices for handling Likert data
in evaluations. However, this hypothesis has never been empirically
validated and the causal effect of mistakenly viewing Likert data
as qualitative in nature is difficult to determine. Some visualiza-
tion papers explicitly refer to evaluations containing Likert data as
“qualitative” in the body of the paper (e.g., [KOCC13, TRL*18]),
while in other papers the assumption is implied when researchers
exclusively use qualitative techniques, such as rich description, to
analyze Likert data (e.g., [IBDF11]).

Describing participant responses qualitatively may be helpful in
some instances, for example if the sample size is very small, but
can also lead to statements that are ambiguous or misleading to
the reader. For example, Figure 2 shows a quote from a visualiza-
tion paper in our survey (Section 4) in which responses to a Lik-
ert item are described textually, without visualizations or quantita-
tive summary statistics (“Overall, only Visualization B received an-
swers indicating that participants were confident in their answers”).
The quote is ambiguous because it could plausibly describe all four
of the Likert response distributions shown in Figure 2, and likely
many others. The reader has no way of knowing which of the dis-
tributions conjured up by this sentence is accurate, assuming the
authors did not release their study data (which seems likely, given
the findings of our survey in Section 5.3).

Comparing the treatment of quantitative objective (e.g., speed,
accuracy) and quantitative subjective data (e.g., confidence, aes-
thetic value) in visualization evaluations can give us more infor-
mation about the hypothesized subjective-qualitative confusion re-
garding Likert data. There are valid reasons why objective and sub-
jective data could be handled differently within the same study,
even if both data sources are quantitative. For example, Likert data
might be more commonly used for exploratory research (i.e., “re-
search that mainly seeks to explore patterns with no a priori ar-
ticulated hypotheses” [NBL20]) rather than confirmatory research
(i.e., “research that explicitly tests a priori formulated hypothe-
ses” [NBL20]). In this situation, Likert data will not be included
in the quantitative analysis run during confirmatory research.

If researchers are interested in using Likert data for confirma-
tory research, a priori formulated hypotheses about the subjective
attributes of interest are evaluated using statistical testing proce-
dures. NHST produces a p-value representing the probability of
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obtaining results as extreme (or more extreme) than those actually
observed, given the null hypothesis is true [Dral5]. NHST is com-
monly used in visualization and HCI communities despite strong
criticism about how NHST encourages researchers to put undue
emphasis on “statistical significance” and direct insufficient atten-
tion on the practical significance of their results. Estimation is an
alternative to NHST that emphasizes reporting effect sizes and con-
fidence intervals with nuanced interpretations intended to avoid the
pitfalls of dichotomous inference that often accompany traditional
NHST [Dral5]. If Likert data are being used in confirmatory re-
search and researchers are making inferences based on Likert data,
those inferences should be backed up by some form of quantitative
analysis, whether that is estimation or NHST. While we do not ad-
vocate the use of NHST by default and acknowledge that its draw-
backs are well-established [Dral5], the decision to not apply sta-
tistical analysis to Likert data during confirmatory research could
be an indication that the standards for analyzing Likert data are not
sufficiently rigorous, particularly if statistical analysis is conducted
with other quantitative data in the same study.

Running a power analysis prior to conducting confirmatory hy-
pothesis testing can help researchers determine the smallest sam-
ple size necessary to detect an effect of a given size at the desired
level of significance [PGC18]. While power analyses can be bene-
ficial when planning a study, researchers should be careful to view
statistical power as a continuous measure influenced by multiple
variables, rather than a binary indicator of “adequate” and “inad-
equate” sample sizes [Bac10]. Power analysis can be more com-
plicated when working with Likert data than other data types. For
example, researchers can use G*Power [FELB07] to conduct power
analysis for parametric procedures, but such tools often do not sup-
port the nonparametric techniques that are commonly used with
Likert data. Simulations can be helpful for conducting nonparamet-
ric power analysis (e.g., [Mum02]). Furthermore, researchers might
not have reliable estimates of effect size when working with Likert
data due to poor reporting and data openness practices in the visu-
alization community, or they might be working with a small sample
of experts. In these instances, researchers can conduct power anal-
ysis with a range of possible effect sizes or the minimum effect
size they would be practically interested in. Sensitivity analysis al-
lows researchers to determine the smallest effect they will be able to
practically detect given their restricted sample size [PGC18]. While
running a priori power analysis with Likert data might require more
effort than with other types of quantitative data, it remains a feasi-
ble task and a more responsible way of conducting NHST.

Even if only objective measures are considered critical parame-
ters [Hor13] and relevant for confirmatory research, we can com-
pare other aspects of data handling to look for instances where Lik-
ert data are held to a lower standard than other data types. For ex-
ample, do authors give estimates of effect size for both objective
data and Likert data? Do they include measures of uncertainty (e.g.,
standard deviation, confidence intervals, interquartile range) for
both data types? Are results summarized in a visualization or with
descriptive statistics? Do the authors publicly release experimental
datasets for both objective and Likert data? Guidelines for handling
evaluation data agree that these practices are important for produc-
ing reliable and unambiguous quantitative results [CE18, Dral5],
regardless of the subjective or objective nature of data sources. If
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these practices are used when handling non-Likert quantitative data
in a study but not when handling Likert data, this could be evidence
that Likert data are being held to a lower standard of rigor. Our third
research question addresses this issue:

RQ3: Do visualization researchers handle subjective Likert data
differently than objective quantitative data?

4. Literature Survey

To answer the research questions introduced in Section 3 (RQ1-
3), we conducted a literature survey of how Likert scales are con-
structed, reported, and analyzed in visualization evaluations.

4.1. Survey methodology

Our survey includes 134 papers from the IEEE VIS conference pro-
ceedings published in special issues of the IEEE Transactions of
Visualization and Computer Graphics journal from 2009 to 2019.
This includes all papers from the three primary tracks of IEEE
VIS: Information Visualization (InfoVis), Scientific Visualization
(SciVis), and Visual Analytics Science and Technology (VAST).
With an impact factor of 3.78, IEEE TVCG is one of the largest
and most diverse premier publication venues in the field of visual-
ization [clal8]. We did not include proceedings from ACM CHI,
another popular venue for visualization publications, as there was
not a dedicated track for visualization papers until 2019, making it
difficult to objectively categorize papers published at CHI as “vi-
sualization” or not. We included all papers with either “Likert” or
“subjective questionnaire” in the abstract or main body of the text,
producing a subset of 134 papers out of the total 1,119 papers pub-
lished in the conference proceedings from 2009 to 2019. By includ-
ing the “subjective questionnaire” keyword, we intended to account
for papers that use Likert-style responses (e.g., a response indicat-
ing levels of agreement corresponding to an ordinal scale) with-
out explicitly mentioning the conventional name. However, the two
papers in our dataset that included the “subjective questionnaire”
keyword also included the phrase “Likert scale”, indicating that al-
though we successfully identified a large sample of papers with
Likert data, we were not successful in identifying unlabelled Likert
scales. We describe this limitation in greater detail in Section 6.1.
Our review was not registered and we do not include a review pro-
tocol. All papers were accessed using the IEEEXplore database in
March 2020 and manually screened to ensure they met our inclu-
sion criteria by two independent coauthors.

4.2. Survey construction

We collected the following information for each paper to answer
the research questions defined in Section 3. Papers were manually
coded by two authors independently.

RQ1: Likert scale construction reporting

To understand how visualization researchers describe their Likert
scales in evaluations, we recorded the following information for
each paper in our survey:
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Number of response options: How many response options were
participants presented with (e.g., 5, 7, 10)?

Numerical representation: What did the numbers attached to
each response option look like (e.g., ascending, diverging)?

Text anchors: What text was used to describe each response op-
tion (e.g., “Strongly disagree”, “Neutral”, “Very useful”’)?
Question phrasing: How was the question phrased for each Lik-
ert item (e.g., “The system was easy to use”)?

RQ2: Ordinalist and intervalist interpretations

We recorded the following information for each paper in order to
identify inconsistencies between ordinalist and intervalist interpre-
tations of Likert scales in visualization evaluations:

Summary statistics: What type of statistics were used to sum-
marize Likert responses (nominal, ordinal, or interval)? In cases
where several summary statistics associated with different scales
were reported (e.g., median and standard deviation or mean and
IQR), we recorded the type associated with the measure of cen-
trality. We included all summary statistics presented in the body
of the paper, including tables and figures.

Visualization style: If a visualization of Likert responses was pro-
vided, did the visualization portray Likert responses as discrete
(e.g., histogram) or continuous (e.g., mean bar chart)?
Quantitative analysis: If statistical analysis was conducted using
Likert data (NHST or estimation), did the researchers use para-
metric or nonparametric methods?

RQ3: Comparing treatment of subjective Likert data and ob-
jective data

To compare the treatment of subjective quantitative data collected
with Likert scales and quantitative objective data (e.g., time or ac-
curacy) in visualization evaluations, we recorded the following in-
formation for each paper:

Objective and subjective measures: Were quantitative objective
data collected in addition to subjective Likert data?

Quantitative analysis: What type of quantitative analysis (NHST,
estimation) was done on the Likert data? If applicable, what kind
of quantitative analysis was done on objective measures?
Visualization of results: Did the researchers include a visualiza-
tion of the subjective Likert data collected during the study? If
the study incorporated objective data in addition to subjective
Likert data, did the researchers include a visualization of objec-
tive data collected during the study?

Uncertainty measures: Were any measures of uncertainty (e.g.,
standard deviation, interquartile range, confidence intervals) pro-
vided for subjective Likert data? If applicable, were measures of
uncertainty provided for quantitative objective measures?

Data availability: Were Likert data made publicly available upon
publication of the paper? If applicable, were quantitative objec-
tive data also made publicly available? We considered datasets to
be publicly available if they are included in the paper’s Supple-
mentary Material on IEEEXplore or in an open repository that is
linked to in the text of the paper.

Power analysis: If quantitative analysis (NHST or estimation)
was run with both objective data and subjective Likert data, were
both forms of measurement explicitly included in a power or sen-
sitivity analysis?

5. Results

In this section, we summarize the findings of our systematic re-
viewand answer the research questions (RQ1-3) defined in Section
3. As described in Section 4, 134 papers were selected via key-
word search (“Likert scale” or “subjective questionnaire”) out of
1,119 papers published in IEEE VIS conference proceedings from
2009 to 2019. A full copy of all metadata collected for each pa-
per in the survey is available in our Supplementary Materials and
at https://osf.io/exbz8/ or at https://airtable.
com/shrrCOcW1lzS7UQvSG.

Construction element Replicable? | # papers | % papers
Number of choices
5or 7 (i.e., including neutral option) v 116 87%
4 or 6 (i.e., no neutral option) v 9 7%
Other v 5 4%
Not stated X 4 3%
Numerical representation
Ascending (starting at 1) v 88 64%
Symbolic (e.g., —, -, 0, +, ++) v 7 5%
Ascending (starting at 0) v 6 4%
Diverging (e.g., -2 to 2) v 3 2%
Ascending and symbolic v 1 0.7%
Not stated X 29 21%
Text anchors
All anchors specified v 14 10%
Only end anchors specified X 78 57%
One or more anchors specified X 3 2%
No anchors specified X 39 28%
Question phrasing
Full phrasing specified for all items v 45 33%
Item topics specified, not full phrasing X 76 55%
Full phrasing specified for some items X 3 2%
No phrasing specified X 10 7%

Table 1: We recorded which elements of Likert item construction
methodology were reported in the text or Supplementary Materials
(if the authors indicated additional details could be found there)
of 134 visualization papers. Categories with insufficient detail for
reliable replication are shown in bold.

5.1. Reporting Likert construction details (RQ1)

Detailed descriptions of how Likert items were constructed are
critical for enabling reliable future replication studies and helping
readers contextualize results. To determine how well the visualiza-
tion community adheres to reporting standards for Likert question-
naires (RQ1, Section 3.1), we recorded how each paper in our sur-
vey documented the implementation details of their Likert scale
questions. We looked for these details in the body of the paper and
in Supplementary Materials (if the authors indicated additional de-
tails could be found there). The distribution of reporting behaviors
encountered in our survey is shown in Table 1.

The number of response options provided to study participants
was the most common detail of Likert scale construction provided
by papers in the survey, appearing in 130 papers (97%). We ob-
served little variation in the number of response options included
in Likert scales: 116 papers (87%) provided 5 or 7 options (e.g.,
[HTL13]). The numerical representation used within the Likert
scale was reported in 105 papers (78%). Ascending scales starting
at 1 were most popular (88 papers, 64%; e.g., [DBD16]), while only
a handful of papers used symbolic (7 papers, 5%; e.g., [GLH" 14])
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or diverging (3 papers, 2%; e.g., [RHY14]) scales. One paper in-
cluded Likert scales with two different numeric representations
(ascending and symbolic) [MOJB*18]. Numerical representation
was not stated in 29 papers (21%). This means that in a hypothet-
ical replication study of one in five papers included in our sur-
vey, it would be impossible to know whether the participant re-
sponses were biased by differences in Likert scale construction
(e.g., replicators might use an ascending scale instead of the sym-
bolic scale used by the original experimenters). Ten papers did
not specify their numerical representation but summarized Lik-
ert scale responses using mean or median as a summary statistic
(e.g., [SFP*18]). Without knowing the possible range of values, it
is impossible to effectively interpret a mean or median. For exam-
ple, an average response of 3.8 might be more convincing if the
response range is 0 to 4 than if the range is 1 to 7.

We also recorded how much information each paper provided
about the text anchors used within their Likert scales. Ideally, all
text anchors provided to participants should be fully specified in
the description of Likert scale construction, limiting the room for
potential bias in future replications as much as possible. Only fif-
teen papers in our survey (10%) fully specified all text anchors
(e.g., [STM16]). The majority of papers provided only the end-
points of their scales (78 papers, 57%; e.g., [BIAI16]). While this
is likely sufficient detail for text anchors with a standard structure
(e.g., “Strongly disagree” to “Strongly agree”), this practice could
be problematic for less common text anchors. Forty papers (30%)
reported only endpoint text anchors for scales that deviated from
the standard structure, such as “The worst” to “The best” and “Not
at all” to “Extremely” (e.g., [DBD16,SFMB12]). It is unlikely that
a replicator would select precisely the same phrasing for interme-
diate text anchors, indicating a threat to validity for future replica-
tion studies. While it is possible that some of the 40 papers gen-
uinely did not present intermediate text anchors, none explicitly
stated this design choice. 39 papers (28%) provided no informa-
tion at all about the text anchors used in their Likert scale ques-
tionnaires (e.g., [BS15]). As described in Section 3.1, text anchor
phrasing affects participant response to Likert scales [FA99]. This
means in a hypothetical replication study of a quarter of the papers
included in our survey, replicators would have no way of knowing
if their experiment is detecting the same underlying effect found in
the original paper or if participant response has been biased by the
replicators’ choice of text anchors.

Finally, we examined how each paper described the question
phrasing attached to individual Likert items. In the same way
that text anchor phrasing can affect perception of Likert scales,
the phrasing of Likert scale questions can also affect participant
response [FA99]. For optimal transparency and replicability, full
phrasings should be provided for all Likert items given to partic-
ipants. Approximately one third of the papers in our survey met
this standard for replicability by including full phrasings for all
Likert items (45 papers, 33%; e.g., [GS14]). The majority of pa-
pers (76, 55%; e.g. [LTPH16]) gave a short summary of the Likert
item topic but refrained from providing the full phrasing (i.e., “sys-
tem usability” in place of “I thought the system was easy to use”).
Shortened versions of question phrasing might be sufficient in some
cases, such as “Easy to use” instead of “The system was easy to
use”, but this practice can leave room for error if the shortened
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version is generic and the full question phrasing cannot be intu-
ited from the shorthand version (e.g., “How important” [RAL*16]).
Three papers gave full question phrasing for some Likert items but
not all (e.g., [CBY10]), while ten papers failed to provide state-
ment phrasings or even shortened item topics for all Likert items
(e.g., [WS09]). Without knowing what questions participants were
asked to respond to, it is difficult for readers and other researchers
to fully contextualize and build on the results presented in each pa-
per. Five papers gave no information about the question phrasing
or text anchor phrasing used in their Likert scale questionnaires,
all but guaranteeing the unreliability of future replication studies
based on their results (e.g., [WLMB* 14]).

Summary: While 97% of the papers in our survey report the
number of response options included in their Likert scale question-
naires, we find that other essential details such as numerical rep-
resentation, text anchor phrasing, and question phrasing, are often
omitted or described in insufficient detail for contextualizing results
and enabling reliable replication studies.

Statistical analysis
Visualization style

. g | Parametric 9 papers
Continuous -»|Nonparametric
‘ s None 14 papers

Summary statistics 33 paper:
’?\ f Parametric | 1 paper
nterval ) —_—
(Mean, standard deviation) | Discrete | Nonparametric
— > None 8 papers
86 papers S
N Parametric 3 paper
—_—
None Nonparametric
43 papers None/Not stated | 33 papers
Di Nonparametric
iserete None 3 papers

Ordinal

|
Median, percentiles) R — N
\#" \ None § e
— None/Not stated | 2 papers
4 papers -

Nominal —
é None '—ﬁ None 5 papers

(Mode, counts)

- 5 papers
5 papers pap S
| Nonparametric

— —| Discrete —> None 15 papers
None
32 papers None < Nonparametric

None 12 papers
14 papers —

Figure 3: We recorded each paper’s decision to use intervalist or

interpretations for Likert scales at three points in report-
ing and analysis phases. Papers that used ordinal summary statis-
tics maintained a consistent ordinalist interpretation, while several
papers that began with interval summary statistics shifted to or-
dinalist interpretations later on in their analysis (indicated by &
icon).

5.2. Intervalist and ordinalist interpretations (RQ2)

To understand how visualization evaluations use intervalist and or-
dinalist interpretations of Likert scales (Section 3.2), we recorded
which interpretation was used at three steps in the research process:
reporting summary statistics, visualizing Likert responses, and ap-
plying statistical tests. Figure 3 shows the distribution of intervalist
and ordinalist interpretations across these three decision points.

Interval summary statistics (e.g., mean, standard deviation) were
most commonly used to describe Likert responses in our survey (86
papers, 63%; e.g., [LBW18]). Papers that reported interval sum-
mary statistics chose to include both continuous (33 papers, 38%;
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Visualization type # papers | % papers

None 65 49%
Discrete 35 26%
Histogram (e.g., [LBW18]) [l 10 7%
T —
Percentage stacked bar chart (e.g., [STM16]) === 8 6%
Boxplot of medians (e.g., [GLH* 14]) = 6 4%
=
Diverging stacked bar chart (e.g., [DBD16]) ma 5 3%
Heatmap with discrete color map (e.g., [SLK*16]) 4 3%
0
Bar chart of medians (e.g., [CLB*15]) il 2 2%
Continuous 34 25%
Bar chart of means (e.g., [AL19]) mﬂm 18 13%

5%
Boxplot of means (e.g., [WG12]) -« 2%

Scatterplot of means (e.g., [GS14]) l 7
—
3
Violin plot (e.g., [LBB*19]) # 7 2 1%
2
2

Line chart of means (e.g., [LPCRH18]) b 1%
Heatmap of means (e.g., [ZLC*18]) m 1%

Table 2: Papers in our survey were equally likely to choose discrete
or continuous visualization styles.

e.g., [IWCA*16]) and discrete (10 papers, 12%; e.g., [DBD16]) vi-
sualization styles. Table 2 summarizes the specific visualization
styles used to display Likert scale responses in our survey. We
observed inconsistencies between intervalist and ordinalist inter-
pretations in researchers’ selection of parametric and nonparamet-
ric statistical tests among papers that used interval-level summary
statistics. Of the 31 papers (36%) that ran a statistical test on Lik-
ert data after reporting an interval summary statistic, 18 chose
to use a nonparametric test inconsistent with an intervalist inter-
pretation. There are valid reasons why a researcher might choose
nonparametric tests despite reporting interval summary statistics,
such as if the data fail to pass the Shapiro-Wilk test for normal-
ity [SW65]. Only 4 out of 18 papers using interval summary statis-
tics and nonparametric tests provided a justification for their deci-
sion (e.g., [WCA™*16]). It is unclear how the remaining 14 papers
decided to use nonparametric analysis because no justification is
provided. Depending on the context, it is possible that these papers
might have had greater statistical power if they had used parametric
tests consistent with their intervalist interpretation.

Only 11 papers (8%; e.g., [WMZ*19]) used an ordinalist inter-
pretation when reporting summary statistics (e.g., median, quar-
tiles). While we observed deviations from the intervalist interpreta-
tion within papers that used interval summary statistics, all eleven
papers that used ordinal statistics and chose to visualize their data
used a discrete visualization style consistent with an ordinalist in-
terpretation. Additionally, all of the five papers that reported ordi-
nal statistics and ran statistical tests chose to use nonparametric
tests consistent with an ordinalist interpretation. Of the five pa-
pers (4%; e.g., [EEL*19]) that reported nominal summary statis-
tics (e.g., mode, counts), none chose to visualize Likert responses
or run statistical analysis.

Visualizations of Likert data appeared in approximately half of
the papers in our survey (69 papers, 51%). Among papers that chose
to include a visualization, discrete (35 papers, 26%) and continu-
ous (34 papers, 25%) styles were equally popular. Table 2 summa-
rizes the visualization types used for Likert responses in our survey.
Histograms and stacked bar charts of responses to individual Lik-

ert items were the most popular discrete visualization types, while
most continuous visualizations displayed the mean response to in-
dividual Likert items.

Summary: We observed that several papers in our survey re-
ported interval summary statistics (e.g., mean, standard deviation)
but deviated into ordinalist interpretations later in their analysis by
using discrete visualization styles and nonparametric tests, rather
than continuous visualizations and parametric tests. While this may
be appropriate in some cases, we identified 13 papers where non-
parametric tests were not explicitly justified and where parametric
tests could have been used to obtain greater statistical power. All
papers in our study that reported ordinal summary statistics used
discrete visualization styles and nonparametric tests consistent with
an ordinalist interpretation of their Likert scales.

Consistent? | # papers | % papers

Summary statistics

Not included 1 1%

Both objective and subjective measures v 65 71%

Objective measures only X 25 27%
Visualization of results

Neither objective or subjective data visualized 20 22%

Objective and subjective data both visualized v 46 51%

Objective measures only X 25 27%
Quantitative analysis

Not included 19 21%

Both objective and subjective measures v 39 43%

Objective measures only X 33 36%
Uncertainty measures

Not included 27 30%

Both objective and subjective measures v 38 2%

Objective measures only X 26 29%
Power analysis

Not applicable 52 57%

Not included X 38 2%

Both objective and subjective measures v 0 0%

Objective measures only X 1 1%
Data availability

No data released X 82 90%

Both objective and subjective data released v 7 8%

Only subjective data released X 1 1%

Only objective data released X 1 1%

Table 3: For the 91 papers in our survey that collected both objec-
tive and subjective quantitative measures, we looked for discrepan-
cies in data handling between the two evaluation components. In-
stances where quantitative best practices were applied to objective
measures and not to subjective measures are highlighted in bold.

5.3. Comparing treatment of subjective Likert data and
objective data (RQ3)

Likert data are quantitative but they are not always held to the same
standards for reporting and analysis as other quantitative forms of
data. To answer RQ3 (Section 3.3), we recorded whether each pa-
per in our survey collected both objective and subjective quantita-
tive measures or only subjective measures. Among papers that col-
lected both types of data, we compared the treatment of subjective
and objective data sources. Within our survey, 43 papers (32%) col-
lected only subjective quantitative measures while 91 papers (68%)
collected both subjective and objective quantitative measures. Ta-
ble 3 summarizes the discrepancies we observed between the han-
dling of subjective and objective quantitative data in 91 papers that
collected both types of data.

We recorded whether a visualization was included for objective
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and subjective data and found that more than a quarter of papers
provided a visualization only for objective measures in their study
(25 papers, 27%; e.g., [YEII15]). Not visualizing Likert data is not
necessarily bad; many papers are restricted by page limits and use
summary statistics to report results instead. Nevertheless, the gap
we observed could indicate that Likert responses are viewed as less
essential than objective counterparts in visualization evaluations.

We also recorded whether researchers chose to run quantitative
statistical analyses (i.e., NHST or estimation) on subjective and ob-
jective data. The limits of NHST are well-known [Dral5, KR12]
and we do not suggest that researchers should automatically run
statistical tests on Likert data without considering potential draw-
backs. However, it is worth examining more closely why some pa-
pers choose to run NHST, despite the risks, on objective data but
not on Likert responses. 39 papers (42%) ran quantitative analy-
sis on both objective and subjective measures (e.g., [WCA*16]).
Over a third of papers with both types of data ran quantitative
analysis on objective data but not Likert data (33 papers, 36%;
e.g., [BCC*19, LBB*19]). Choosing not to apply NHST or esti-
mation to Likert data when it is deemed appropriate for other quan-
titative measures used for confirmatory research could indicate that
Likert data are not held to the same standards as objective data
sources. Not applying quantitative analysis could lead to overstated
or misleading results if, for example, Likert item means are pre-
sented as confirmatory evidence for a system’s superiority without
confidence intervals, p-values, or measures of uncertainty to pro-
vide necessary context.

Measures of uncertainty provide valuable context about the
practical significance of experimental effects identified in a study
[Dral5]. We recorded what measures of uncertainty were included
for objective and subjective data in all 91 papers that collected both
types of data. 27 papers (30%) included a measure of uncertainty,
such as standard deviation or interquartile range (IQR), for objec-
tive data sources but not for Likert responses (e.g., [BKH*11]),
while 38 papers (42%) included an uncertainty measure for both
types of data (e.g., [BRH*16]). Many of the papers that did not
provide a measure of uncertainty used descriptive statistics such as
mean or median alone to summarize the data. Although it is pos-
sible to have a valid quantitative analysis without including uncer-
tainty measures, they are helpful for contextualizing and interpret-
ing the significance of results and should be considered for Lik-
ert data if they are deemed appropriate for objective measures in a
study [Dral5].

Power calculations allow a researcher to estimate the probabil-
ity of correctly rejecting the null hypothesis when it is false with a
given sample size. Although there are risks associated with overem-
phasizing the cutoff point between sample sizes that are hypothet-
ically “adequate” and “inadequate” [Bac10], a priori power analy-
ses are generally recommended when using NHST [CE18,PGC18].
Of the 45 papers (34%) in which a power analysis would have been
appropriate (i.e., confirmatory research was conducted), only two
papers mentioned running a power analysis. One paper included
only objective measures in their power analysis [KOCC13], while
the other included only Likert data [LPCRH18].

Finally, we recorded whether objective and subjective datasets
were made publicly available upon publication (i.e., included in
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Supplementary Materials on IEEEXplore or uploaded to a public
repository that is linked to in the body of the paper). Less than ten
percent of the papers in our survey publicly released study datasets
in Supplementary Materials (12 papers, 9%; e.g., [LBW18]). We
did not observe a disparity in data availability between Likert and
non-Likert data: seven papers released both objective and Likert
data (e.g., [YDJ*18]), while one paper released only objective data
[BBB*18] and another released only Likert data [LBB*19].

Summary: We found that studies with both objective and sub-
jective data are often apply different standards when handling the
two types of quantitative data. Papers in our survey were less likely
to use visualizations, summary statistics, quantitative analysis, and
uncertainty measures to report and analyze subjective data from
Likert questionnaires than from objective data sources. On the
other hand, we observed that power analyses and publicly available
datasets are equally rare for both objective and subjective studies.

6. Discussion
6.1. Limitations & future work

Although our survey included all relevant papers published in the
IEEE VIS conference proceedings, it did not include visualiza-
tion papers published in ACM CHI, EuroVis, or other publication
venues and may not be representative of all visualization evalua-
tions. Additionally, our keyword search strategy may have missed
some papers that used Likert-style questionnaires without explic-
itly using the terms “Likert” or “subjective questionnaire”. While
we believe our results are valuable for the visualization community,
analysis of a wider variety of venues with different inclusion crite-
ria could reveal additional trends in the handling of Likert data in
our field. Finally, there may be rater errors in our survey because
all papers were coded by a single author. Cataloging how other
forms of measurement, such as adjectival scales [SNC15] or slider
scales [RLA15] are used in visualization research is a promising
area of future research. Empirical studies assessing the effective-
ness of the various techniques for visualizing Likert data observed
in our survey (Table 2) could provide better guidance than currently
available heuristics (e.g., [RH"11]).

6.2. Recommendations

As demonstrated in Section 5, there are persistent issues present
in how Likert data are collected, reported, and analyzed in visu-
alization evaluations. In this section, we provide concrete recom-
mendations for researchers and reviewers to improve the validity
of Likert-based evaluations.

1. Is a Likert scale right for you? Before conducting your study,
think about whether a Likert scale is appropriate for your goals. Is
your research question sufficiently specific that it can be reduced to
quantitative estimates without losing valuable nuance and context?
If not, consider incorporating a qualitative component to your study
with a semi-structured interview or free-response question. Several
papers in our survey analyzed Likert responses qualitatively (Sec-
tion 3.3), suggesting that qualitative methods might have been a
better fit for their research (e.g., [IBDF11,PYHZ14]).

2. Use best practices for objective data as a model for handling
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quantitative subjective data. When developing a research plan
that includes a Likert questionnaire, decide whether your analy-
sis will be exploratory or confirmatory (Section 3.3). If you are
running a confirmatory analysis with Likert data, consider whether
your procedure meets accepted best practices (e.g., [Dral5,KR12])
for other forms of quantitative data, such as accuracy or speed.

3. Provide detailed descriptions of your Likert methodology.
Construct individual Likert items in accordance with established
guidelines and describe your methodology with as much detail as
possible (see Section 3.1). An ideal Likert construction statement
would include the number of response options, all text anchors, all
question statements, and the numerical representation used for each
response option (e.g., [ALBR15,LBW18]).

4. Match your axes to your scales. When visualizing Likert data,
ensure that the numerical representation and text anchors built into
your Likert items are accurately represented on your visualization
axes (e.g., [VZS17]). Readers may not remember how many op-
tions were presented to participants or the text anchors attached to
each number, so visualizations with inconsistent or imprecise axes
can be misleading (e.g., [GBFM15]).

5. Analyze all Likert items given to participants. Once you have
settled on an analysis plan, be sure to run it on all Likert data you
have collected and report results for each question (e.g., [AL19]).
Providing results for only a handful of the questions weakens over-
all credibility and can be misleading.

6. Do not automatically rule out parametric analysis with Lik-
ert data. While nonparametric tests are most commonly used with
Likert data [Sie57], parametric analysis may allow researchers to
gain statistical power without violating test assumptions in certain
situations, such as when multiple Likert items are accumulated or
if participants have five or more response options to choose from.
Researchers can also use parametric models that are built for han-
dling ordinal data, such as proportional odds or continuation ratio
ordinal logistic models [Agr03,H*15].

7. Be aware of the pitfalls of quantitative analysis as they apply
to Likert data. Use statistical best practices (e.g., [Dral5]) when
analyzing Likert data, such as reporting effect sizes, estimates of
uncertainty, and, if applicable, p-values (e.g., [KCWK19]).

6.3. Improving replication studies

While some of the issues identified in Section 5 are stylistic choices
that could lead to misinterpretations (e.g., not including visualiza-
tions of Likert data), others have more serious consequences for
visualization research as a whole, such as the lack of methodolog-
ical details described in Section 5.1. Replication studies are rare in
the visualization community [KH18], making it difficult to know
the validity and soundness of our field’s conclusions. A natural so-
lution to this problem is to conduct and publish more replications,
but this only addresses half of the issue: We need to not only publish
more replication studies but also ensure that the replication studies
we do publish are valid and reliable. We demonstrated in Section
5.1 that while many papers provide basic information about their
Likert scales, such as the number of response options, far fewer
provide additional details required for a reliable replication study,

such as numerical representation or text anchors. No matter how
many times a study with insufficient details about Likert item con-
struction is replicated, it will be impossible to know whether par-
ticipants have been biased by differences between the Likert ques-
tionnaires used by the original researchers and the replicators. This
means that the burden of enabling replication must fall not only on
future researchers who may one day produce replications but also
on current researchers producing original studies today.

6.4. Subjective-qualitative confusion

Throughout our survey of visualization papers with Likert scales
to measure subjective qualities, we noticed a recurring confusion
between the terms “subjective” and “qualitative”. Some papers ex-
plicitly described their Likert questionnaires as “qualitative” stud-
ies (e.g., [BKH*11]), while others implicitly applied qualitative
analysis methods to Likert responses (e.g., [[FM*10]). This con-
fusion could explain the discrepancies in data handling identified
in our literature survey (Section 5.3). Summary statistics cannot
be meaningfully applied to interview transcripts or other qualita-
tive records, so it follows that a researcher who has mistakenly
assumed their Likert responses are qualitative might not include
summary statistics for Likert items. In a semi-structured interview
or free-response question, research participants can explain their
thoughts and provide reasoning for their subjective response. Col-
lecting subjective data in a qualitative manner allows participants
and researchers to share context and nuance that is difficult to con-
vey in a quantitative response. We recommend that researchers
tread carefully when attempting to provide context through qual-
itative analysis when reporting Likert responses alone. To avoid
confusing the terms “subjective” and “qualitative”, we encourage
researchers to think of research methods (quantitative, qualitative,
or mixed methods) separately from data sources (objective or sub-
jective) when planning evaluations.

7. Conclusion

We have presented a literature survey of 134 visualization evalua-
tions that used Likert scales to measure subjective responses. Our
results demonstrate that many evaluations do not describe imple-
mentation details of Likert scales in sufficient detail for reliable fu-
ture replication studies and are inconsistent in applying intervalist
and ordinalist interpretations when presenting and analyzing Lik-
ert data. We also observe that subjective Likert data are not held
to the same standards as objective data in confirmatory studies in-
volving both data types. As a service to the visualization commu-
nity, we summarize guidelines for best practices with Likert data
from other fields. We hope our survey and summarized guidelines
will help researchers and reviewers in the visualization community
more effectively use Likert scales in future subjective evaluations.
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