
Using Close Reading as a Method for Evaluating Visualizations 
 

 
Figure 1: Visualization used in the study; colormap for visualization; and detail of visualization. Visualization shows biogeochemistry data in 
the Gulf of Mexico [11], created using Sculpting Visualizations tool, Artifact-Based Rendering [20] 
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ABSTRACT 

2020]. Close reading is a method in literary studies that we’ve 

visualization’s formal, informational, and contextual features. 

1 INTRODUCTION 

As research presented in previous BELIV workshops and 
otherwise has demonstrated, evaluating visualizations, 
particularly for their qualities referred to as subjective is a 
challenge, though this problem has proven a rich area of inquiry 

[7]. In this paper, we build upon our recent Visualization 
Viewpoints article, which explained our motivation for using 
close reading as a method and gave the results of an initial study 
[3]. We found that close reading (described in more detail in 
section 2.3) showed promise as a method to evaluate how 
visualizations spark human connection, so we decided to take this 
research a step deeper. Turning to humanities research on 
environmental visualizations that attends to how “our 
understandings of visualizations depend on the contextual 
knowledge, vocabularies, and sociocultural positionings  
we bring to them,” our work defines human connection as a trait 
that aligns a visualization’s informative aims with individuals’  
informational contexts, previous experiences, and associations 
[15]. At best, visualizations promote a sustained, internal 
conversation that incites viewers to curiosity, imagination, and a 
desire to act, explore, or learn more. Close reading, a foundational 
method of humanities research from literary studies, is a tool that 
gives us insight into what degree specific visual, contextual, and 
associative features of a visualization work together to spark or 
inhibit human connection. 

This work is part of Sculpting Visualizations, a 
multidisciplinary research collaborative that includes computer 
and domain scientists, an artist, and a humanities researcher, in 
the model of what Donna Cox refers to as “renaissance teams” 
[9]. Working in the visualization tradition of bringing the arts to 
visualization, our team has created tools and resources to break 
down technical barriers of entry and use for artists to play a 
central role in the visualization conceptualization, design, and 
iteration process. Our most recently released tool, Artifact-Based 
Rendering (ABR) enables the incorporation of physical artifacts, 
including handcrafted sculptures, drawings, and other artistically-
generated media into visualizations [20]. An ethos of artist- and 
design-centered thinking informs both what the tools enable, as 
well as the ways that those tools are conceived, in the case of 
ABR’s interface, which operates like a printmaker’s workshop. 
By allowing the visualization community to incorporate hand-, 
machine-crafted, and natural objects, this tool expands the visual 
vocabulary for the benefit of the visualization community and 
fields whose data they visualize. 
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Figure 2: Visualization used in the study of biogeochemistry data in the Gulf of Mexico [11] created using Sculpting Visualizations tool Artifact-
Based Rendering [20] 

 
We believe that the visualizations created in alignment with this 

ethos are more evocative, intuitive, and therefore, effective. 
However, in the same way that we discovered that visualization can 
benefit from a richer vocabulary by turning to the arts, we also 
discovered that the visualization community could benefit from a 
richer vocabulary to describe and evaluate why and how 
visualizations created using artistic and design expertise are more 
effective. To develop and study this vocabulary, we turned to the 
humanities. As a discipline, the humanities have for centuries 
developed methodologies for describing, analyzing, and 
interpreting works of art and culture. The humanities provide 
unique theoretical and practical insights into how and why humans 
create, respond to, and use artistic and cultural texts to examine and 
mediate complex societal problems.  

In this paper, we present a follow-on study using the close 
reading process with three different audiences across areas of 
expertise in visualization and domain sciences, as well as 
generalists. Due to the COVID-19 pandemic, we had to make 
significant changes to the evaluation method by conducting these 
evaluations at a distance via video and audio calls, a shift which we 
describe in sections 3.2 and 4.1. We also conducted more rigorous 
quantitative data analysis than in our initial studies and present new 
results here. Conducting close readings on an individual basis helped 
us to refine the value that we see in using this method for formative 
evaluation. Close reading produces rich, complex data that includes 
specific ideas from users to guide future iterations of visualization 
design and illustrates how crucial it is to understand how individual 
user experience and background informs how that user interprets the 
visualization. While our previous study demonstrated the 
importance of context to visualization, without knowing much about 
participants’ backgrounds, we could only hypothesize about the 
importance of individual user background and subject position, to 
their interpretation of the visualization. User subject position 
describes how various aspects of a user’s identity situate and inform 
their perspectives and interpretations of visualizations. By 
conducting this study with scientists, visualization experts, and 
generalists, we are able to better test our previous hypothesis that, in 
addition to informational context, user context is central to 
visualization interpretation. As our results demonstrate, close 
reading provides an evaluation method that recognizes the relational 
qualities of data and data visualization that humanities and  

 
information science researchers have pointed to in proclaiming that 
“data never stands alone” and that “data is always already a cultural 
product” [16] [2].   

2 BACKGROUND 

2.1  Art, Humanities, and Visualization  
Our work partakes in the rich tradition of interdisciplinary 
collaboration in visualization. Artists are experts in expressing 
complex ideas visually, and as such, the visualization community 
has recognized the value of creating workflows, tools, and 
resources to incorporate artistic expertise. As we have noted 
previously, the relationship between the humanities and 
visualization has primarily been characterized by the digital 
humanities’ tendency to apply methods from computing to 
humanities content. Distant reading, a foundational digital 
humanities practice, seeks to draw generalizations about literature 
by conducting computational analyses on large corpuses of texts 
[19]. In keeping with the larger ethos of Sculpting Visualizations, 
we invert this principle by applying a humanities methodology, 
close reading, to computationally-generated data and data 
visualizations. Our work draws on a wider recognition of the 
crucial value of the humanities’ interpretive lens to the positivism 
of the sciences in approaching societal issues like climate change 
[17]. Humanities, information studies, and Science, Technology, 
and Society scholars have brought critical methodologies, 
including close reading, aesthetic analysis, and historical 
contextualization to studies of Big Data, visualization, and the 
production of scientific knowledge [2] [10] [15] [16] [27].  
Humanities scholarship has begun to treat visualizations like 
cultural objects, in recognition of the ways in which visualizations 
“yield entangled epistemologies dependent on culturally contingent 
responses to color, temporality, and genre conventions” [16]. Close 
reading offers a method for unpacking these entanglements and 
understanding how specific formal features combine with content 
and cultural context to produce meaning for individual users. 
 
2.2  Comparison to other Approaches 
In our previous study, we found that close reading provided distinct 
results in evaluating visualizations qualitatively based on aesthetic 
qualities like “beauty” [23] and the use of artistic critique as an 
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evaluation method [18]. Close reading, particularly as conducted in 
this study through verbal, recorded interviews differs from these  

 

 
Table 1: CATEGORIES USED FOR CODING RESULTS OF CLOSE READING STUDY 

methods in focusing more on eliciting subjective, open-ended 
information about the visualization than objective or discrete 
criteria that measures a visualization against standards of aesthetics 
or relies on an expert perspective, as with the use of critique as an 
evaluation method. Instead, we use close reading as a method that 
elicits more holistic analysis that complex, multi-faceted 
visualizations demand, in the same way that close reading is used 
in the humanities to elicit user interpretation of complex, multi-
faceted texts. Like in the humanities, we do not use close reading 
as a tool to determine whether a visualization is “good” or “bad,” 
but instead in service of a more robust mode of formative 
evaluation of a visualization’s features that need human evaluation. 
However, unlike in the humanities, where close reading is a mode 
of analysis that a scholar typically uses in service of larger 
arguments, not in service of feedback on the text subject to close 
reading, we use close reading as a rigorous method of data 
collection that provides us with information about how users 
interpret key visual features. 

In this particular study related to a specific visualization finds 
precedent in research conducted by Hogan et. al. and Nowak et. al. 
Both close reading and the phenomenological interview center the 
subjective experiences of users and apply non-traditional 
qualitative methods to visualization evaluation [14] [25]. However, 
our application of close reading differs from a phenomenological 
approach in several important ways. First, the goal of using close 
reading as an evaluation method is primarily to break down the 
interpretive process that users go through when engaging with a 
visualization. Essentially, close reading helps us to understand how 
a visualization’s content (its subject matter) combine with its form 
(how it presents its subject matter through its aesthetic features) 
along with contextual information and individual users’ particular 
associations due to their prior knowledge and subject positions. 
Rather than walking participants through the act of evoking a 
previous experience with the visualization, as a phenomenological 
approach does, close reading allows us a window into user 
interpretation of a visualization by breaking down close reading 
into a series of steps that act as prompts that the user goes through, 
worksheet style, in writing or as an interview. And, while we 
include a question about how the visualization and the process 
makes the user feel as a part of the reflection prompt, the act of 
interpretation is at the center of close reading.  

 
2.3  Close Reading 
Our work has previously defined close reading as a foundational 
humanities method that relies on close attention to a text’s content 
(what a text is “saying”) and form (how it’s being “said”) [3] [6]. 
As the development of close reading demonstrates, texts now 
include a wide variety of cultural and discursive artifacts and are 
not limited to literary texts like poems and novels [13]. Like any 
other disciplinary method, there are different outcomes when 
practitioners with different levels of expertise employ close 
reading, though one need not be an expert in literary studies in order 
to conduct or to follow a close reading. In visualization, “active 
reading,” has been explored as a mode for enhancing user 
understanding of a visualization through annotation [29]; close 
reading has been considered as a way for video game designers to 
test the effectiveness of their games [5].  

Our work builds on these uses of reading, but presents close 
reading as a defined method that can be used specifically for the 
evaluation of visualizations. Close reading is a rigorous, 
foundational humanities method that we gave structure to 
(described in 3.1). We drew on the expertise of our team’s 
humanities researcher to develop a rigorous evaluation method that 
consisted of a set of scaffolded questions. These questions prompt 
interpretation of the visualization. We wrote the steps down in 
enough detail so that a scientist or any other researcher who is not 
familiar with close reading could conduct the study, which could 
be conducted on any visualization, artistically-crafted or not. 
 
3      THE STUDY 
3.1  Method 
The goal of our study was to determine if close reading is an 
effective method for evaluating visualizations with users across a 
range of expertise. For our study, the basic operations of close 
reading are a series of scaffolded steps that begin with (1) a 
summary of the visualization, (2) observations about features of the 
visualization, (3) analysis of features by hierarchizing features 
based on significance (4) providing contextual information (5) 
synthesizing the previous steps and context (6) reflecting upon the 
visualization and close reading process. These steps were adapted 
from the Close Reading Interpretive Toolkit (CRIT), a method 
created by English professors at the University of Texas at Austin 

 Participants express favorable judgement

Participants express unfavorable judgement

Participants make suggestions for improvement

Participants observed in the act of coming to a better 
understanding of the visualization through interpretation 

Participants explicitly describe how features of the 
visualization or its context contributed to their understanding of it.

Participants explicitly reference how context or a lack thereof 
informs their interpretation of the visualization

Participants explicitly reference how 
potential audience for visualization relates to interpretation

Participants explicitly reference how the 
potential purpose of the visualization relates to interpretation

Participants referenced their own subject position 
during the interpretive process,  in most cases, citing it as a reason for an interpretive 
point that they're making

Participants pass judgement on 
visualization or features of 
visualization

Participants used interpretive 
process to develop understanding of 
the visualization

Participants referenced how 
visualization would or could be read 
based on a variety of factors outside 
of the visualization itself

Participants explicitly note that visual features don't fit current visaulization vocabulary or they result to metaphors to 
describe visual features

Participants 
provide description of the visualization as a part of interpretation
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to teach students how to close read literary texts [8]. We provide a 
complete explanation of these steps in prior work [3] and provide a 
worksheet template that other researchers or teachers can adapt for 
evaluating or teaching visualizations [28].  

Key adaptations that we made to the CRIT steps in this study 
include adding a follow-up question to step 4, after providing users 
with a paragraph of context asking the user what questions remain 
after the reading contextual information. In step 5, we added 
language to the prompt that asked users to tell the story of the 
visualization to clarify what we were asking them to do in 
synthesizing analysis of formal features and context. In order to 
maintain consistency with our previous studies, we provided users 
with a similar visualization as was provided to previous users, of 
biogeochemistry data in the Gulf of Mexico from the E3SM 
coupled climate model for the purpose of exploring scientific data, 
created with Artifact-Based Rendering [11] [20]. In this study, the 
visualization included a legend (Figure 2).  
 
3.2  Procedures 
While the steps of close reading that users were asked to respond 
to were largely unchanged from the previous studies, the 
procedures of this study were different from those of previous 
studies due in part, to COVID-19 and in part, to enable us to 
interview non-local researchers. In the two studies conducted 
previously, members of the research team conducted the evaluation 
with groups of approximately twenty undergraduate students at 
once, in-person, leading the classes through close reading of a 
printed visualization with a hard copy of a worksheet that they 
filled out independently. Originally, due to the results of those 
studies, we planned to adapt close reading for 3D visualization. 
However due to COVID-19, we were unable to conduct the study 
on groups of students in-person. And, as few people have access to 
VR headsets in home settings, we also were unable to conduct 
studies of 3D visualizations.  

Instead, we chose to pursue another research path of interest: 
exploring the suitability of using close reading as a method to 
evaluate visualizations with users who had varying degrees of 
knowledge in visualization and domain sciences. We conducted the 
close readings individually, rather than in a group setting, over 
video or calls, which were recorded. The most significant change 
to the procedure, described below, from our previous studies was 
that most participants responded to the prompts verbally, rather 
than in writing. On average, the study took 31 minutes to conduct 
per participant. 

In step (1) the close reading facilitator, Bares, explained the 
purpose of the evaluation and information about IRB protocols to 
the interview participant. In step (2) she began recording audio 
and/or video using video call application features. In step (3) she 
asked the participant to open an image file of a 2D visualization. In 
step (4) she used the chat feature of the video call application to 
send the user the prompt for Step 1 of the adapted CRIT method. 
She also explained the prompt aloud, as a teacher might. She 
explained that the question could be answered verbally or in writing 
by responding in the chat feature. The user was able to ask 
questions for clarification. In step (5) users responded to the 
prompt, mostly verbally (11 of 13 users), though 2 users did type 
out their answers and respond in the chat. We allowed users to 
determine on their own whether they would write or speak to allow 
them to determine which mode of expression best suited them, 
knowing that both writing and speaking mediate thought. We 
discuss differences and similarities between writing and speaking 
in section 5.2. Users were able to continue to look at and refer back 
to the visualization as they answered the prompt. Steps (4) and (5) 
were repeated 5 additional steps of the adapted CRIT method. 

 

 
Figure 3: To map word frequency by user group, all participant 
answers were run through text analysis software. Filler words and 
words that appeared on the legend or those variables given in the 
contextual paragraph were removed from this view. In this figure, 
lines indicate words that were used across participant groups, but 
at different frequencies. 
 
3.3 Materials & Setting 
The study was conducted over Zoom (San Jose, CA) as the video 
call application, by one member of the research team, Bares. Two 
participants requested that they conduct the study with audio only. 
Users were provided with a digital file of an image of the 
visualization via email. This was a significant change from 
previous close reading studies that were conducted in-person with 
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groups of 20+ students at once. The image of the visualization of 
the biogeochemistry data was very similar to the image that we 
used in previous studies, but this time, we added a legend to it. The 
primary goal of the scientific visualization used in this study is to 
allow scientists to explore their complex, multivariate data 
intuitively by aligning its visual features with principles of art and 
design meant to hierarchize information in an intuitive way.  
 
 3.4  Participant Profile 
In previous versions of the study, in which participants were 
relatively anonymous, all we knew about them was that they were 
undergraduate students. However, in this study, a single member of 
the research team conducted individual interviews with 13 
participants. Four of the participants were domain scientists, six of 
the participants were visualization researchers, and three of the 
participants didn’t fit into those categories (middle school science 
teacher, science writer, university history professor who conducts 
digital humanities research), referred to in the grouping named 
“other” throughout the paper. 
 
3.5  Data Analysis Method 
After the close reading sessions, Bares used Temi (San Francisco, 
CA), an AI transcription tool to transcribe participants’ answers. 
After ensuring that the transcript matched the recording, Bares then 
conducted qualitative data analysis (QDA) to analyze participant 
responses [31]. QDA usually is not conducted on close readings as 
they are not typically aggregated and studied. In the humanities, 
close reading is the analysis method, rather than a method of data 
collection, as in our study. We conducted QDA on the close reading 
responses to further understand how user subject position 
influenced how different participants interpreted the same 
visualization using close reading. 

Rather than searching for predetermined keywords or phrases, 
Bares read through all of the responses to develop coding 
categories from the data based on common types of responses and 
patterns. The results of this qualitative analysis appeared to show 
differences in some categories between how each of the three 
participant groups (domain scientists, visualization researchers, 
and others) responded during close reading (see Table 1 for 
example responses). To more quantitatively investigate the 
differences seen in the qualitative data analysis between the 
participant types and the four main coded response categories: 
critique, exploratory, descriptive, and meta-visualization 
commentary, we calculated the frequency of each of the response 
types for each individual within the three groups, which produced 
a 3x4 contingency table (Figure 4 shows a graphical representation 
of the frequencies). Given these nominal data, we used the Chi-
square statistic [32] on the full table to test for any significant 
relationships between the three participant groups and the four 
response categories. 

We also used text analysis software to determine frequently used 
words (Figure 3) and three-word phrases. The most frequently used 
phrases by visualization researchers were: “I don't know;” 
“something like that;” “kinds of chlorophyll;” “the continental 
shelf;” “the original data.” The most frequently used phrases by 
domain scientists were: “Gulf of Mexico;” “In the ocean;” “too 
much information;” “that looks like;” “engaging and interesting." 
The only frequently used phrase by the Other group was “I don't 
know.” A caveat to using frequency to measure words, phrases, and 
responses among aggregated groupings is that there are different 
numbers of participants in each of the three groups and each 
participant spoke for different amounts of time. 

 

Figure 4: Colors on bars correspond with categories of responses 

and indicate response frequency (vertical axis) based on participant 
group (horizontal axis).  

4 RESULTS 

4.1  Description of Results 
The raw data that comprise the answers to the prompts presented in 
the experiment give information about user responses in five broad 
categories: information about how viewers summarize the 
visualization presented without context (step 1: summarize); 
recognizable features of the visualization and designation of which 
of these features are most significant to each participant (steps 2 
and 3: observe and analyze); information about what contextual 
information participants felt like they needed before being given a 
paragraph of text about the visualization and what they still felt was 
missing after receiving the text (step 4); information about what 
story the visualization tells each user or how they synthesize the 
visualization and its context (step 5); reflections on the 
visualization or the process (step 6). As this paper is focused on the 
evaluation method, rather than simply presenting their answers as 
results, we analyzed the raw data to present what other kind 
information close reading as a method produces. We developed 
five categories with sub-categories, presented in Table 1, for coding 
data. We divided them into overriding groupings that refer to as 
“meaning-making” and “descriptive.” These groups distinguish 
between responses that involved simply describing what 
participants saw in the visualization in terms of features and those 
responses that indicated interpretation beyond discerning what the 
visualization contains. Upon further reflection, we noted that the 
categories that we created roughly aligned with modes of inquiry 
that visualizations at their best, prompt: curiosity, imagination, and 
a desire to act, explore, or learn more. 

The results are summarized in Figure 4. The Chi-square yielded 
a test statistic equal to 5.012 with 6 degrees of freedom and a 
corresponding p-value of 0.5423, so we failed to reject the null 
hypothesis and did not find any statistically significant quantitative 
differences between the response groups and the response type 
categories. 
4.2  Summary of Results 

Our results demonstrated that close reading effectively delivers 
useful and interesting information from careful, close readings of 
the raw data and the coding process. We found close reading to 
match the exploratory goals of the visualization by prompting 
equally exploratory, creative information by way of interpretation 
by participants. From their answers to the prompts, we learned 
which features of the visualization seemed most important, where 
confusion emerged, what additional context they needed, and the 
importance of understanding the purpose of the visualization. 
Another shared finding of the evaluation methods was the 
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confusion that showing 3D visualizations as 2D images provokes 
even for experienced users. This remains a problem for 
visualization and visualization evaluation as a whole, as 
technologies to create more sophisticated visualizations outpace 
widespread adoption or ease of use of these technologies. However, 
key findings that emerged or were refined in this study that we 
discuss here include instances where interpretation turned into 
critique; instances of meta-visualization commentary (questions 
about purpose of the visualization, metadata, audience for it, and 
reference to the participant’s subject position); how conventions of 
visualization train viewers; suspicious interpretations of 
visualization; and how user background influences approach to 
visualization. 

Despite the fact that our quantitative analysis did not 
conclusively support our hypothesis, we suspect that with a larger 
sample size, if similar results were returned, we would begin to see 
more conclusive evidence of a relationship between user 
background and the kinds of interpretive statements that they made. 
Our sample size of 13 participants, though sizable for in-depth 
qualitative studies in the visualization community is small for 
statistical analysis. Future work will expand our participants, 
scientists and professionals from the field, from 13 to 25 to enable 
more robust statistics. 

5 DISCUSSION  

5.1 Effects of Writing versus Speaking 
As a result of changing our procedure from administering close 
reading to an entire class as a written worksheet to conducting 
individual interviews, 11 of the 13 participants chose to respond 
verbally. As in the previous studies, it is clear that many aspects of 
the visualization, due to their artistically generated nature, are 
unfamiliar to visualization users. While some users did refer to 
glyphs in more evocative, metaphorical ways (Figure 5) we found 
that participants in this study were less apt to come up with 
metaphorical descriptors. We hypothesize that conducting close 
reading as an interview, rather than as a written exercise encourages 
participants to assume that the interviewer knows which aspects of 
the visualization she is referring to, rather than writing to an 
imagined reader. We also hypothesize that writing carries with it 
greater encouragement to interpretation, a plus for close reading. 
One of the two users who did choose to write his answers to the 
prompts noted that he did so because “I need a couple of minutes 
to kind of look at things. It's just the nature of how I look at things 
and edit. So, I'll look at it and I'll start writing a sentence. And I 
think, ‘Hang on!’ I'll look at it a bit more, knowing I'll change that 
sentence when I go back to it. And then I feel like I've kind of 
addressed that point.” However, speaking answers does capture 
more immediacy of reactions and allows for less mediated 
commentary, suggesting that using these methods in tandem, as 
teachers often do when leading a class in close readings (asking 
users to write down their answers and then explain them, for 
example) could be useful.   
 

 
Figure 5: A detail of visualization used in study (Figure 2) that shows 
glyphs and streamlines described by participants as “Baby Ruth 
bars” and “spaghetti.” 
 
5.2 Interpretation and Critique 
While close reading is primarily considered a mode of 
interpretation, study participants also partook in moments of 
critique, passing judgement on the visualization as a whole and 
specific features. While some moments of critique are very broad 
(“I see a total mess!” or “‘this looks like art!’”), others were very 
specific (“the lighting is a bit strange”), and some were framed 
specifically as iterative suggestions (“you could use more distinct 
color contrast”). Moments of critique derived from users’ 
comments illustrate the strength of close reading in encouraging 
open-ended, exploratory feedback that might not be gleaned from 
surveys or task-based assessments. This feedback can help 
motivate visualization design iteration process.  
 
5.3 Conventions of Visualization 
A key insight that close reading provided in this study was the way 
that conventions of visualization influence user experience with 
them. We found some evidence that this is the case in the previous 
studies [3], particularly related to the content of visualizations (for 
example, assuming that a visualization about science in the Gulf of 
Mexico would be about a hurricane), and it was confirmed in this 
study. However, more significantly, in this study we found that 
conventions of visualization exist not only in content, but in form. 
That is, users become accustomed to certain standard aesthetic 
features of visualizations and are thus, trained to read them in 
specific ways. Close reading as a technique in literary studies draws 
out moments where a text follows formal conventions (for 
example, a poem following a standard sonnet rhyme scheme) and 
those where it departs from them, sparking interest when those 
moments are particularly expressive, thought-provoking, or 
complementary to its content.  

As scholars of visualization have noted, the same can be said of 
user experiences with formal conventions of visualizations, which 
come loaded with aesthetic, epistemological, and affectual 
conventions [16] [27]. One obvious example of this is users who 
noted wanting to see  a legend and a user who noted in the analysis 
step, that he determines which features of the visualization are most 
important based upon the order that they come in on the legend. 
Close reading proves to be an especially useful method for 
determining when these conventions are broken and the effects 
thereof. One participant, for example, noted the confusion that 
came because the glyphs did not align with “canonical” or 
“textbook” notions of what a representation of a diatom should look 
like. Whereas, another participant shared that his wife saw the 
visualization and said, “She was very drawn to the visualization and 
said, ‘Wow you've got something cool on your screen now.’ As 
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opposed to what a visualization normally looks like. And she has a 
very good aesthetic sense, she said, "Oh that looks like art." 
Likewise, another visualization researcher used interpretation as a 
jumping off point for reflecting on this very issue: “These glyphs 
are definitely a newer approach. They are done with the technique 
that's not too common. It is much more three dimensional here than 
a lot of what I've seen...Part of it is creating like a language, of the 
visualization…(Figure 6) the more people become familiar with a 
certain technique, maybe the more they'll kind of have an intuition 
for what it means. At the same time, some of the best visualizations 
are fresh and sort of surprising. And so I think, you know, that's 
also a tradeoff basically like how to make it fresh and surprising 
versus how to make it intuitive by requiring a whole lot of 
explanation or investment by the viewer.” Samsel, the visualization 
designer on the team, identified the three comments above as 
particularly useful for the design and iteration process in expanding 
visual vocabulary and understanding. 
 

 
Figure 6: A detail of visualization used in study (Figure 2) that 
shows glyphs and streamlines that participants described as 
evocative of the need for “a new language” for visualization. 
 
5.4 Suspicious Reading 
One result in this study that was markedly different from others is 
that through interpretation, some users expressed suspicion towards 
the visualization. In literary studies, close reading has become 
associated with “the hermeneutics of suspicion,” with the idea that 
attending to a text very closely leads to readings of it that are 
skeptical of the text’s claims or aim to uncover something untoward 
or ideological about it [12]. Three users expressed outright 
suspicion of the visualization or its data. One experienced 
visualization scientist pointed to the fact that due to the distribution 
of information in the visualization he “ is more skeptical of a 
visualization when I don't know the original data that it came from. 
So I just want to correlate with the original data, because I 
personally do data sampling. So this is interesting to me because if 
I show you a sample of the data, then I might be misleading you by 
saying, this is the only region where nitrate is found. I'm not saying 
that that's true in this case, in general, [this is] why I'm pausing a 
couple of seconds before I say anything, because when I do random 
sampling of a region, then I can be randomly showing you some 
regions of the data.” He suggested that he would like to have 
information about the metadata to better interpret the visualization.  

Another visualization researcher made an off-hand joke during 
the context step about the fact that because of the visualization’s 
renewable energy-related subject matter, he expected to see a note 
that it is “sponsored by ExxonMobil.” To be clear, neither the 
science in the visualization nor the visualization research is 
sponsored by ExxonMobil; see acknowledgements. However,  that 
issues of funding and corporate influence are top of mind for an 
experienced visualization researcher points to the fact that 
interpretations of visualizations are inseparable from wider 

political and ethical contexts of science, an argument that scholars 
across disciplines, from climate communications to literary studies 
have made [4] [16] [26]. 

And the other participant, who has conducted extensive research 
in visualization for the humanities, expressed that based on his 
previous experience with scientific visualization related to his 
brother, who is a chemical engineer, he has observed that, “It's 
almost like [in some scientific visualizations] there's a deliberate 
design to be opaque to the general viewer or to the general 
reader…[the visualization used in the study] is a very complex 
topic, obviously made even more complex by quite a difficult to 
grasp diagram.” Here the participant’s previous experiences with 
scientific visualization inform his frustration with the visualization 
at hand as being difficult and opaque in his interpretation of it. 

These moments of suspicion or skepticism may seem unhelpful 
or easily dismissed given the nature of the visualization, which is 
not meant to be persuasive or in support of a particular policy or 
position. However, scholarship on visualization in humanities and 
Science and Technology Studies reminds us that it is a form loaded 
with larger associations about Big Data [15] [16]. Visualizations 
can remind users of possibilities for manipulating science in service 
of larger political aims, a problem that speaks to a lack of clarity or 
trust on the part of the public about the scientific process [26]. 

Similar to the comments about glyph design, Samsel found 
comments where users expressed skepticism about the data to be 
particularly useful for informing future visualization design 
research. Close reading uncovered these visualization issues more 
clearly than other evaluation methods, like perceptual studies that 
do not typically take into account context and user background. 
Close reading does not just ask the user to recite what is on the 
page, but instead highlights how visualizations are relational sites 
of meaning-making. As such, close reading as an evaluation tool 
can help makers of visualizations understand how viewer context 
like the need to know the metadata or ethical questions related to 
funding sources, can be just as important as formal design features, 
like glyph color or shape.  
 
5.5 User Subject Position 
One of the clearest findings of this study, across all of our findings, 
was the extent to which individual participant subject position 
influenced their interpretation of the visualization. We do not see 
the fact that close reading elicits information that arises from an 
individual’s specific background as a weakness of the method. 
Instead, we consider it a strength in that it allows us  to study how 
user background influences their interpretation of visualizations, a 
factor which is often purposefully excluded from other evaluation 
methods, despite the fact that this separation of user background 
and experience with a visualization does not reflect real world 
conditions of interpretation. We did attempt to protect against 
confounding effects of different experiences with close reading as 
a method in the evaluation by excluding individuals with extensive 
training in close reading, except for the participant who is a history 
professor. 

The idea that an individual’s background, associations, and 
experiences influence their interpretation of data and information 
is not a new one and has been studied across fields including 
science communication, science and technology studies, and 
museum studies [4] [24]. However, this study points to the 
effectiveness of close reading as a method to explicitly study the 
effects of user subject position in interpreting visualizations, as a 
majority (9) of participants made explicit reference to their subject 
position, when making interpretative claims. In our previous 
studies, we only had a vague sense of our participants’ backgrounds 
as undergraduate students. However, in this study we sourced 
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participants from previous collaborator networks. Some were 
intimately familiar with the research program, others were not. 
Some were well versed in reading and/or making scientific 
visualizations, while others were not. However, in each case, we 
knew more about each participants’ individual professional 
background and training. In addition to the moments when 
participants explicitly referred to their subject position or how 
people in other subject positions might interpret the visualization, 
we were also able to think about their response to the visualization 
in reference to that knowledge about their backgrounds. This 
knowledge of participants proves essential to how we think about 
tailoring visualizations to users and audiences. 

In some cases, users referred to their subject position as a way to 
signal their understanding or confusion about features of the 
visualization, as in the case of a climate scientist: “With my limited 
biology knowledge, the glyphs don't really ring a bell for any 
specific species. We think of diatoms and couple of the forums and 
things in these regions and the glyphs tend to look a lot like the 
canonical view of those and these look kind of like arbitrary glyphs. 
So it's hard for me to tell what the differences are.” In two other 
cases, users pointed to their backgrounds as a position for expertise 
to give suggestions for iterations (“Because I have a background as 
a graphic designer, I probably suggest some maybe stronger colors 
like a red.”). Another participant noted how his background 
influences his approach to understanding the visualization and 
organizes what its key features are for him: “I went to the map 
because as basically a climate scientist and ocean modeler I'm 
always going to try to orient myself, like where am I?”  

In a particularly striking example, one user was able to interpret 
key aspects of the visualization with no contextual information 
much easier than the rest of the participants because of his 
background. However, the piece of his background that informed 
this knowledge was not only or primarily his knowledge of 
visualization or science, but rather because he “spent a few years 
back some vacation time at a beach house on the panhandle of 
Florida. So I know they have algae blooms, or a red tide problem. 
So I immediately put nitrates together with chlorophyll and ocean 
currents.” And another participant, when asked in Step 5 of close 
reading to put together context and the information in the 
visualization to tell its story noted that, “The context of the graphic 
is really everything because whether it's a bad news story or kind 
of a good news story or a kind of a neutral story. In this case, I'd 
say it's a good news story because it seems to be harnessing what 
is ecological damage in the form of nitrate runoff and 
unconstrained growth into something that like biofuels, which is 
kind of good news and certainly worth looking at. This suggests a 
new way of doing things. That's more using the powers of biology, 
rather than just sinking lots of oil drills into the sea. The old way of 
doing things.” Here, the participant’s prior knowledge of resource 
extraction in the Gulf of Mexico, as well as his stance on it, 
influenced his interpretation of the visualization, the science, and 
its potential implications. 

Close reading points us to the realization that despite the 
intentions of visualization experts and teams, data visualizations 
are not simply facts relayed but rely on relational exchanges 
between user and creator associations, backgrounds, 
understandings of conventions of visualization, and relationship to 
the data being visualized. Creators and users, due to their subject 
positions, knowledge, and socially constructed identities, always 
bring other information and associations to their interpretations of 
these images to create meaning in ways that may exceed the 
“correct” interpretation of the data or visualization, but that are 
nonetheless influential on their understanding of it.  

6 FUTURE WORK & CONCLUSION 

This study opens up several future research possibilities related to 
close reading. The first includes testing the efficacy of using close 
reading on different genres of visualization. Other possibilities 
include using close reading to evaluate visualizations with different 
content and contexts of visualizations: for example, an artistically 
generated 3D visualization with analytical graphs, poetry, or 
photographs as context. Future research will specifically focus on 
using close reading as a method for evaluating artistic and 
contextual elements of visualizations to better understand how 
richer contexts and visual vocabularies make visualizations more 
effective in connecting with users on a human level. As a point of 
comparison in evaluating close reading as a method for 
visualization evaluation, we may also compare information that is 
elicited from asking a participant open-ended interview questions 
to information elicited from engaging that user in the close reading 
process. 

 As noted, we encountered issues in evaluating 3D visualizations 
as 2D images. As such, we would like to conduct close reading as 
an evaluation method using video representations of a visualization 
in 3D. And when possible, we plan to conduct a study testing how 
close reading can be used as an evaluation method for 3D 
visualizations experienced in a 3D environment. As we found 
distinctions between writing and speaking aloud when conducting 
close reading, as well as conducting it in a group versus individual 
setting, testing these differences more explicitly also provides areas 
for future work. 

In conclusion, this study demonstrated that close reading as a 
method is easily adaptable to different conditions, though that these 
different conditions do inflect results. Close reading is useful 
because it allows us to evaluate more discrete aspects of a 
visualization. These include testing baseline understanding of a 
visualization through user summary, description, and synthesis. 
Close reading captures this information about the whole of the 
visualization in the synthesis step of close reading, as well as 
specific features in results from the observations and analysis steps.  

However, because close reading activates users’ interpretive 
responses to a visualization, it also simultaneously allows for more 
open-ended, perhaps, unexpected evaluation results based on user 
experience with the visualization. As noted in the discussion, this 
study demonstrated how close reading is particularly useful for 
understanding what contexts, associations, and information they 
bring to the visualization based on their background. This is useful 
information for further iteration at all steps of the visualization 
creation and design process and can inform larger questions about 
the nature of visualization in relationship to data, artistic 
approaches to visualization, and primary motivations for 
visualization as a field. Essentially, close reading is a method that  
allows us to get at the relational nature of visualizations; that is, 
they are not only a one-way source of information transfer, but 
instead, a visual site that individuals come to with their own 
associations, and preferences that inform their interpretation of 
visualizations. 
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