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This study explored how different presentations of an object in deep space
affect understanding, engagement, and aesthetic appreciation. A total of
n = 2,502 respondents to an online survey were randomly assigned to one
of 11 versions of Cassiopeia A, comprising 6 images and 5 videos ranging
from 3 s to approximately 1 min. Participants responded to intial items
regarding what the image looked like, the aesthetic appeal of the image,
perceptions of understanding, and how much the participant wanted to
learn more. After the image was identified, participants indicated the extent
to which the label increased understanding and how well the image
represented the object. A final item asked for questions about the image
for an atronomer. Results suggest that alternative types of images can and
should be used, provided they are accompanied by explanations.
Qualitative data indicated that explanations should include information
about colors used, size, scale, and location of the object. The results are
discussed in terms of science communication to the public in the face of
increasing use of technology.
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Like a small creek that meets a larger stream and eventually joins a raging river,
astronomical data are ever growing and accelerating. New telescopes with
improved collecting abilities and increasingly sophisticated instruments provide
scientists with data that literally have never been seen before.

How astronomers capture and communicate their observations is an issue that
stretches back centuries. For millennia, skywatchers recorded what they observed
using hand drawings, conveying to the best of their abilities what they saw with
the only “telescopes” they had at their disposal: their eyes. Even after Galileo and
others invented the first telescopes in the early 17th century, hand-drawn sketches
were still the only means to communicate the new and improved views they were
afforded. This eye-to-hand recording system continued until photography was
invented in the mid-1800s. For the first time, observations were captured
permanently on photographic plates and film as an “anthology of images”
[Sontag, 1977].
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Progressing from hand-drawn sketches to photography represented a major
advance in the collection of astronomical data, but it pales in comparison to
advances made over recent decades in the form of dozens of new telescopes, both
on the ground and in space [DeVorkin, 1993; Portree, 1998]. This new telescopic
armada not only looks at the kind of light that humans can detect with their eyes,
known as visible or optical light, but also at the full span of the electromagnetic
spectrum ranging from radio waves to gamma rays, not visible to the naked eye
[Arcand et al., 2013; Arcand and Watzke, 2015; Benson, 2009]. For the past 25 years,
the amount of astronomical data has doubled every year [Stephens et al., 2015].
Astronomy could be called the original big data — both literally and figuratively.

As an illustration, consider humanity’s single natural satellite — the Moon.
Scientific illustrations moved from a hand drawn moon recorded by Galileo in the
early 1600s [Whitaker, 1978], to the first daguerreotype of our Moon created in
Cambridge, Massachusetts with the Smithsonian Astrophysical Observatory’s 15”
Great Refractor in 1847 [Unknown, 1887], to the advanced charge-coupled devices
(CCD’s) on board NASA’s Lunar Reconnaissance Orbiter launched in 2009
(https://doi.org/10.1007/s11214-010-9634-2). Thus, over 400 years, representations
of the Moon have progressed from a hand-sketch of three times magnification to a
photographic camera with a pixel scale of 0.5 meter per pixel that can image a
25 km region [Arcand et al., 2013; Rector, Arcand and Watzke, 2015].

Although this flood of astronomical data itself has the potential to alter our
perceptions and understanding of cosmic objects, it is not the only force at play.
One must consider the fact that many objects in space are themselves changing.
Some change dramatically over the course of centuries, others over decades, still
others from year-to-year [Rector, Arcand and Watzke, 2015]. Thus, for some objects
in space, important differences can be observed during the span of a human
lifetime, and those observations can be visualized across wavelength, time, and
dimension.

As described in Arcand et al. [2013], processing astrophysical data requires the data
processor to make a series of choices in the representation. From the data state
(whether a 2D visual representation, a time lapse movie, a 3D map, or other plot),
to the color choices, to the data selected to be left in or taken out, the range of
technical choices in creating a visual representation of an astronomical object is
large. Beyond the technical choices, there is the key aspect of the science story
being told. Important decisions must be made that take into consideration the
audience for whom the science is being communicated, and how that audience will
be accessing that information [Rector, Arcand and Watzke, 2015].

Previous research has shown that effective science communication about objects in
space for the lay public needs to be different from that which is provided for those
with more expertise in astronomy. For the lay public, comprehension of the
underlying science is affected by the type of explanation provided, rationales for
colors used, and an indication of the scale of the object [Smith et al., 2011]. The use
of metaphor and/or leading questions in explanations aids comprehension for
those who do not have much expertise, while those with more expertise prefer
shorter, more technical explanations [Smith et al., 2017]. Similarly, comprehension
and aesthetic appreciation is affected by the size and quality of an image when
compared across various types of mobile devices [Smith et al., 2014]. Another
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consideration is that with the popularity of photo-editing images, belief in the
veracity of the object has been shown to be somewhat less for males than females
[Smith et al., 2015b]. Notwithstanding these differences between experts and
non-experts, it is heartening to note that the lay public has shown a desire to
understand the science in the same manner of those who are more expert.
However, they work from an initial reaction to an image of “WOW!” to questions
about the science. Experts have been shown to start with the science and then move
toward the “WOW” [Smith et al., 2011]. Combining the findings from that body of
research with the range of types of visualization of images available currently
formed the basis for this study.

Data framework: supernova remnant Cassiopeia A

Consider the debris fields left behind after a giant star has exploded. These objects,
known as supernova remnants, contain the cosmic nutrients necessary to grow life
as we know it [Sagan, 1980]. Cassiopeia A (Cas A for short) is one such supernova
remnant. The Cas A supernova remnant is one of the most famous objects in the
sky; it has been observed numerous times by many satellites and observatories,
creating a large data set with which to work. Two dimensional images of Cas A
from telescopes such as NASA’s Chandra X-ray Observatory show a forward shock,
dense knots, complex filamentary structures, and a jet of material protruding out of
the shell [Tucker, 2017]. Beyond morphology, astronomers have used Chandra to
map the heavy elements that were ejected in the supernova blast. Separate iron,
silicon, and calcium images, created from each element’s characteristic emission
lines, gave important clues as to the nature of the explosion and the state of the star
prior to explosion. The jet in the northeastern corner was seen to be made
predominantly of silicon ions [Hwang et al., 2004; Hwang, Holt and Petre, 2000].

Working with Cas A, different color selections then can be chosen based various
features, such as topography (e.g., https://www.nasa.gov/mission_pages/
msl/multimedia/pia16800.html), chemical makeup [DePasquale, Arcand and
Edmonds, 2015], energy levels [‘What determines the aesthetic appeal of
astronomical images?’] or other possibilities. In addition, there are often differences
between color maps typically used for expert vs non-expert audiences
[Moreland, 2016].

In 2004, Chandra observed Cas A for over a million seconds, yielding an extremely
detailed image of the supernova remnant. In the years since then, astronomers
have continued to observe Cas A with Chandra for over another million seconds.
This has made possible time-lapse movies of the various data sets to show the
remnant changing over time [Patnaude and Fesen, 2006].

Because Cas A is the result of an explosion, the stellar debris is expanding radially
outwards from the explosion center. Using simple geometry and the Doppler effect,
researchers can create 3-D models out of X-ray, infrared, and optical data. The
insight into the structure of Cas A gained from such 3-D visualizations is important
for astronomers who build models of supernova explosions. For example,
researchers must consider that the outer layers of the star eject spherically, while
the inner layers eject in a more disk-like way with high-velocity jets in multiple
directions [DeLaney et al., 2010; Milisavljevic and Fesen, 2013].
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With the use of timelapse movies and 3D modelling, video, additional factors
specific to videos need to be considered, such as video length and type [Ruedlinger,
2012].

The question arises as to how these various types of images are perceived by
viewers with a range of expertise in astronomy. Therefore, our objective for this
research was to examine the effect of different types of visual presentations of a
deep space object, in this case, Cassiopeia A (Cas A). The research question was:
how do different presentations of an object in deep space affect understanding,
engagement, and aesthetic appreciation?

Method To explore the research question, an online survey was created using
SurveyMonkey. A description of that survey, and details regarding the participants,
procedure, and analyses follow. It should be noted that responses were required for
all items with the exception of the two open-ended questions and the item asking
for gender.

Participants

Participants were a convenience sample of n = 2, 502 respondents to an online
survey. Using an open-ended format for gender, there were n = 1, 119 (44.7%)
respondents who self-reported as male, n = 696(27.8%) as female; and,
n = 675(27.0%) who chose not to respond. The remaining responses comprised
n = 8 who identified as gender fluid (< .01%) and n = 2 each self-identified as
queer and bisexual (< .001%).

Age was roughly evenly distributed among those under age 45, with somewhat
higher representation from those aged 45 and older. The self-reported responses to
age were n = 340(13.6%) for 18–24 years, n = 362(14.5%) for 25–34 years,
n = 390(15.6%) for 35–44 years, n = 387(15.5%) for 45–54 years, n = 547(21.9%)
for 55–64 years, and n = 476(19.0%) for 65 and above.

The participants were well-educated, with n = 909(36.4%) reporting having earned
an advanced degree (masters, law, medical, or doctorate), n = 776(31.0%) with an
undergraduate degree, n = 515(20.6%) with some university, and n = 302(12.0%)
with some high school or a high school/secondary diploma.

A variety of occupations were reported. The most frequently reported were
computer/technical (n = 343; 13.8%), retired (n = 327; 13.1%), student
(n = 206; 8.3%), education/librarian (n = 201; 8.1%), Science-related
(n = 136; 5.5%), medical/health (n = 137; 5.5%), arts/entertainment/sports
(n = 106; 4.3%), and astrophysicist/astronomy-related (n = 70; 2.81%).

In terms of level of expertise, the participants provided a self-evaluation of their
knowledge of astronomy, using a scale from 1 (complete novice) to 10 (expert), the
mean response was 4.97 (SD = 2.42). The distribution of responses was fairly even
for ratings from 1 through 8, (ranging from 9.0% to 14.9%); however, fewer
participants rated themselves as 9 or 10 (3.0% and 2.8% respectively). To facilitate
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analyses, these were collapsed into three categories, each approximating one-third
of the sample (Low = 1–3, 32.4%; Medium = 4–6, 36.7%; and High = 7–10, 30.9%).

Participants also provided information regarding their background in astronomy.
They could check multiple responses from a list. A total of n = 1, 502(60.0%)
participants reported that they read about astronomy online; n = 1, 151(46.0%)
reported that it was a hobby; n = 616(24.6%) had taken one or more university
courses in astronomy; n = 528(21.1%) reported having studied astronomy in
secondary/high school; n = 226(9.0%) participated in an amateur astronomy
organization; n = 83(3.3%) reported being professional astronomers; n = 70(2.8%)
held a degree in astronomy but were not working in a related field; and,
n = 552(22.1%) reported having no background.

As this was an online survey, we were interested in the type of computer platform
used. Two-thirds of the participants used a desktop computer (n = 871, 34.8%) or a
laptop (n = 842, 33.7%). The remaining participants reported having used a
smartphone (n = 598, 23.9%), followed by a tablet (n = 148, 5.9%), and a
mini-tablet (n = 43, 1.7%).

Materials

An online survey created for this study used 11 versions of the supernova remnant
Cassiopeia A (Cas A) as stimuli, comprising six images and five videos ranging
from 3 s to approximately 1 min. Figure 1 shows the six images used, static views of
the five videos, and brief labels to identify the images and videos. The survey items
are described in the Procedure.

Procedure

Upon receiving notification that this research was exempt by the Smithsonian
Institution Human Subjects Institutional Review Board, participation was sought
from a range of websites and listservs chosen to represent those with an interest in
astronomy, museum professionals in the field of art and aesthetics, and the lay
public. Websites included the Chandra X-ray Observatory (chandra.si.edu); the
Astronomy Picture of the Day (apod.nasa.gov); the Aesthetics and Astronomy
website (astroart.cfa.harvard.edu); social media sites such as Facebook, Twitter, and
Instagram; and, the American Psychology Association Division 10 and the
International Association of Empirical Aesthetics listservs.

The first page of the survey provided general information about the study
including how to obtain the results, advised that the survey was open to those 18
years of age or older, that data would be reported in aggregate, and that the survey
would take approximately 10 m to complete. Each respondent then checked a box
to indicate that completion of the survey signified agreement to the age condition
and consent to participate.

Next, each participant was randomly assigned to either one of the images or one of
the videos. That is, each participant viewed only one of the stimuli. No time limit
was placed on viewing the images; videos could be replayed. After viewing their
randomly assigned image or video, the participants were asked, “In viewing this
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image or video, what most comes to mind?” Possible responses were solicited from
astrophysicists, image developers, and psychologists. Based on those suggestions,
a list of 10 responses were provided: a meteor, an asteroid, a comet, an exploded
star, a star being born, something seen under a microscope, a distant planet, a
distant sun, a black hole, and a brain image. They were then given the same list of
options and asked, “What else do you think of when viewing this image or video?”

The next part of the survey asked participants to use a scale of 1 (not at all) to 10 (a
great deal) to rate three items: how much they wanted to learn more about the
image or video, how much appeal the image or video had, and how well the
participant understood about the image or video.

At that point, participants were advised that “What you viewed was an image or
video of Cassiopeia A in one of several formats used by astrophysicists;” and, they
were shown this label:

Cassiopeia A is a young supernova remnant in our Milky Way Galaxy,
believed to be the leftovers of a massive star that exploded over 300 years ago.
The material ejected during the supernova smashed into the surrounding gas
and dust at about 16 million kilometers per hour. This collision superheated
the debris field to millions of degrees, causing it to glow brightly in X-rays as
observed by NASA’s Chandra X-ray Observatory.

The next two items used the same 1 (not at all) to 10 (a great deal) scale, asking how
much the explanation increased understanding and how well the image or video
represented the nature of the object depicted.

These items were followed by an open-ended item that asked, “If an astronomer
were with you, what additional question(s) would you ask about the image or
video that you viewed?”

The survey concluded with the demographic items described in the section on
participants, and a final open-ended item that provided the opportunity for
participants to add any additional comments about the survey.

The quantitative data were analyzed using SPSS Version 24. With the qualitative
data from the two open-ended items, two researchers used Strauss and Corbin’s
[1998] grounded theory approach to independently develop a series of categories
for the responses. They then compared and agreed upon a final set of categories for
each of the open-ended items, independently rated responses for each image or
video separately, and checked for inter-rater reliability. There were fewer than 6%
discrepancies, which were resolved through discussion.

Results Given the small number of participants who had completed the survey on a tablet
or mini-tablet, a series of analyses of variance (ANOVAs) were used to determine
whether there were differences on responses to items, by type of computer.
Computer platform was used as the independent variable, with the items gender,
age group, self-rating of knowledge of astronomy, initial appeal, wanting to learn
more, initial understanding, increased understanding, and how much the image
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represents the object used as dependent variables. Results were non-significant for
these analyses, suggesting that type of computer platform would not affect results
for other analyses for this sample. Also, given the size of the sample, p < .01 was
used as the level of significance for all analyses.

To begin, responses to the item “In viewing this image or video, what most comes
to mind?” were examined using chi-square. The result was significant,
χ2(90, N = 2502) = 1483.10, p < .001, with over half of the sample having chosen
the correct option, an exploded star (n = 1412; 56.0%). There were fewer 100
responses each for the options: a meteor, an asteroid, a comet, a distant sun, a
distant planet, and a black hole. As such, those six options were dropped from the
analysis and the chi-square was re-calculated using the remaining four options: an
exploded star, a star being born, something seen under a microscope, and a brain
image. The resulting chi-square statistic was χ2(40, N = 2220) = 898.20, p < .001.
The response counts and percentages, in order, were an exploded star (n = 1412;
63.6%), something seen under a microscope (n = 332; 15.0%), a star being born,
(n = 303; 13.6%), and a brain image (n = 173; 7.8%). Figure 2 shows these results
by image. From that figure, it can be seen that although the most prevalent choice
was “an exploded star,” the different depictions of Cas A yielded different reactions
from the participants. Results from the item, “What else do you think of when
viewing this image or video?” did not add useful information, as responses from
those who first selected an exploded star were most likely to select a star being
born (n = 749; 40.2%). This was a logical second choice; therefore, additional
analyses were not conducted for that item.

Next, a multivariate analysis of variance (MANOVA) and univariate ANOVAs
were used to investigate the research question, how do different presentations of an
object in deep space affect understanding, engagement, and aesthetic appreciation?
The first analysis was a MANOVA, with the images and the collapsed self-rating of
knowledge of astronomy item used as the independent variables, and the initial
three items given before the presentation of the label (wanting to learn more, initial
appeal, and initial understanding) used as the dependent variables. The results
were significant. For the interaction of image with self-rating, F (60, 7361.01)
= 3.21, p < .001; Wilk’s Λ = 0.93, partial η2 = .03. For the main effect for image,
F(30, 7241.81) = 29.57, p < .001; Wilk’s Λ = .71, partial η2 = .11 and for the main
effect for self-rating, F(6, 49.34.00) = 84.79, p < .001; Wilk’s Λ = 0.82, partial
η2 = .09. The univariate results for the interaction were significant only for initial
understanding. For the main effects, both image and self-rating were significant for
all three items. The univariate results are shown in Table 1; Table 2 shows the
descriptive statistics for the univariate analyses. Figure 3 provides graphs of these
data with error bars. It can be seen that for the six still images, for the items
wanting to learn more and initial appeal, the artistic image yielded the highest
mean rating, followed by the rainbow blue image. For understanding, the artistic,
science, and rainbow blue images received the highest mean ratings (in that order).
For the five videos, across all items, the fly through short yielded the highest mean
rating, with the timelapse and the fly through long videos also rating highly.

The next two analyses used ANOVAs to examine the responses to the two items
that followed the presentation of the label. These items asked how much the
explanation increased understanding and how well the image or video represented
the nature of the object depicted. They were used as the dependent variables, with

JCOM 16(05)(2017)A02 7



the images and the collapsed self-rating of knowledge of astronomy item used as
the independent variables. Results for the ANOVAs are shown in Table 3;
descriptive statistics are shown in Table 4. Again using a significance level of
p < .01, it can be seen that there were no interaction effects. There was one main
effect for representing the object, for image or video; for self-rating of knowledge,
both main effects were significant. Figure 4 presents graphs of these data with error
bars. The graph for how much the explanation increased understanding suggests
that, with the exception of the science image, those who self-rated their knowledge
in the middle range reported receiving the most benefit from the explanation. For
the science image, average ratings were highest for the low self-rating group, and
decreased across the mid- and high-self-rating groups. Overall, though, given that
ratings were done on a scale of 1 (not at all) to 10 (a great deal), it can be seen that
the explanation was helpful across all of the images and videos, for all levels of
expertise. For the graph for how well the image or video represented the nature of
the object, large differences by object are observed. For the images, artistic, rainbow
blue, and science received the highest average ratings; for the videos, fly through
short, timelapse, and fly through long showed the highest average ratings. Within
each object, however, the differences by self-rating of knowledge are fairly
consistent, typically following a pattern of low-medium-high.

Next, age and gender were examined against the five independent items of interest.
Age group was correlated with the items wanting to learn more, initial appeal, and
initial understanding, how much the explanation increased understanding, and
how well the image or video represented the nature of the object depicted. No
significant results were obtained, suggesting that age did not affect ratings for
those items. For gender, independent samples t-tests were used, with gender
(n = 1, 119 male, n = 696 female) as the independent variable and the five items as
dependent variables. Only one of the items was significant: initial understanding,
t(1813) = 7.45, p < .001. The means and standard deviations indicated that on
average, males initially reported higher levels of initial understanding as compared
to females (M = 4.76, SD = 2.63 male; M = 3.85, SD = 2.33 female). However,
upon further examination using an independent samples t-test, with gender as the
independent variable and self-rating of knowledge as the dependent variable,
t(1813) = 14.95, p < .001, with M = 5.61, SD = 2.20 male and M = 4.00, SD = 2.30
female. This suggested that the finding for initial understanding was related to
self-reported knowledge. To examine that, an analysis of covariance was run, with
initial understanding as the dependent variable, gender as the independent
variable, and self-rating of knowledge as the covariate. There was no interaction
effect or main effect for gender; only the main effect for self-rating of knowledge
was significant (see Tables 5. The means and standard deviations are shown in
Table 6. This supports the finding that the gender differences on initial
understanding are attributable to self-reported knowledge.

The final analyses concerned the two open-ended items. The first item asked, “If an
astronomer were with you, what additional question(s) would you ask about the
image or video that you viewed?” There was a total of 3,352 responses, which the
raters grouped into eight categories: Age, Color/Spectrum,
Distance/Location/Visibility, Predictions, Size/Scale, Technical/Capturing Image,
Other/Miscellaneous, and None/Nothing. It should be noted that the number of
responses does not equal the sample size, as some responses comprised multiple
questions. Although the data were analyzed by image/video, responses to the
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categories were similar across the images/videos. Therefore, the data are shown in
aggregate on Table 7, with the total number of responses to each category, along
with representative responses for each category. It can be seen that questions about
the colors used were most prevalent, followed by requests for benchmarks for size,
questions about the location of the object and whether it’s visible from Earth, and
questions concerning how the image was captured.

The second open-ended item asked, “Is there anything more you’d like to tell us
about this survey?” For this item, there was a total of 617 responses, with an
additional n = 124 indicating “no,” and the remainder leaving the item blank. The
raters groups the responses into six categories: Thanks/Interesting/Enjoyable,
Critiques/Suggestions, Aesthetics, Color, Use of Results, and
Other/Miscellaneous. Responses were again similar across images/videos. Results
are shown in aggregate on Table 8, with the total numbers of responses to each
category, along with representative responses for each category. The majority of the
responses were messages of thanks for the work being done, and the desire to have
the results put to use, in particular for the general public. Nearly all of the critiques
or suggestions centered on not having been able to view the image while
responding to the items in the second part of the survey regarding how much the
explanation increased understanding and how well the image or video represented
the nature of the object depicted, or not having wanted to have to choose a second
response in response to the item “What else do you think of when viewing this
image or video?”

Discussion This study set out to explore how different presentations of an object in deep space
affect understanding, engagement, and aesthetic appreciation. The main finding
concerns the dramatic differences obtained for the images. Images that look
familiar — that look like what the public thinks objects from space should look like
— were rated on average as more appealing, easier to understand, and as
promoting future learning. However, combining that with the finding that
explanation, across all levels of self-knowledge of astronomy, benefited all
participants, suggests that it is not necessary only to show recognizable images to
the public. Rather, there is scope for the use of alternative types of images, provided
they are accompanied by explanations. This is especially true when the images or
videos begin to deviate from the familiar, for example when they start to look more
like brain images than objects from space. In addition, the qualitative comments
indicated that explanations would be more helpful if they described information
about the colors used, and provided information about the size, scale, and location
of the object. It is also noted that the results yielded no significant differences across
computer platforms or age groups. In terms of gender differences, although males
reported higher levels of initial understanding on average than did females, males
also reported higher levels for self-reported knowledge.

The results from this study lend support to previous findings [e.g. Arcand et al.,
2013; Smith et al., 2011] that those with less expertise want more information
regarding the colors used and whether those colors have been processed, as well as
information about the scale, size, and location of the object. However, unlike Smith
et al.’s [2014] findings that the type of computer platform mattered, this study
suggests that the type of device did not have a significant effect on the responses.
Perhaps in the absence of viewing the object comparatively on a larger or smaller
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device, the participants engaged in what Locher, Smith and Smith [1999] termed
facsimile accommodation, and adjusted to the image as viewed regardless of the
platform. With facsimile accommodation, the viewer understands that what is
being viewed is not an actual object. This does not limit aesthetic or cognitive
reactions; rather, those reactions tend to be similar to what might be experienced if
the viewer were encountering the actual object.

In addition, comprehension of the underlying science for space images and
appreciation of those images has been shown to be increased with the addition of
informative labels [Smith et al., 2015a]. In a recent study, Smith et al. [2017]
demonstrated that when information for space images included metaphors and
relevance to everyday life, viewers with less expertise made personal connections
that increased their appreciation of the images and their desire to learn more. It is
acknowledged that different audiences may resonate to different explanations;
therefore, in terms of the current study, it might be useful to provide options for
viewers to access additional explanations that include information such as
relevance to life, or that expand on the science or on the use of the colors in a given
image.

Even with random assignment to conditions, any research has limitations; this
study is no exception. The greatest limitation for this study is that only one image,
Cassiopeia A, was used. Also, although there were extensive efforts to secure
participants from the general public, the data represent a convenience sample with
some level of interest in astronomy and/or aesthetics. As such, application of the
findings should not be generalized beyond the sample and procedures used. The
findings suggest, however, that different representations of images can and even
should be used, provided they are accompanied with appropriate explanations of
the image itself and the science underlying what is being viewed.

A study is currently being planned that would expand the design from this
research in terms of numbers and types of images, and varieties of explanations.
Types of images will include presentations online, in-person, and with 3D prints,
each paired with various types of explanatory formats, including static
explanations, interactive narratives, videos, and podcasts. The suggestion to have
the images available for viewing throughout the study has been incorporated into
the design, as well.

In an age when imaging technology has become familiar to the public, it may be
time to introduce atypical depictions of images from space alongside their more
familiar counterparts, in an effort to attract and educate the public about these
objects, and their effects on us and the Universe.
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Appendix A.
Tables

Table 1. Univariate results for image and collapsed self-rating of knowledge, for the items
wanting to learn more, initial appeal, and initial understanding.

Source Dependent d f F Partial eta p
variable squared

Image Learn more 10 13.95 .053 <.001
Appeal 10 55.50 .184 <.001
Understand 10 55.82 .184 <.001

Collapsed self-rating Learn more 2 8.35 .007 <.001
Appeal 2 3.22 .003 <.040
Understand 2 243.69 .165 <.001

Image * Learn more 20 0.89 .007 .606
Collapsed self-rating Appeal 20 0.85 .007 .653

Understand 20 6.28 .048 <.001

Error 2469
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Table 2. Means and standard deviations by image and collapsed self-rating of knowledge,
for the items wanting to learn more, initial appeal, and initial understanding.

Item and image Self-rating of knowledge
Low Medium High

M SD n M SD n M SD n
How much do you want to learn more about this image or video?

Science 6.62 2.44 81 7.09 2.35 86 6.95 2.17 85
Spin dots black 6.04 2.60 90 6.96 2.35 77 7.16 5.53 68
Rainbow pink 6.29 2.71 87 6.68 2.67 99 7.35 2.02 72
Spin dots white 6.38 2.47 66 6.92 2.48 76 6.92 2.31 73
Artistic 7.77 2.29 69 7.77 1.95 83 7.88 2.02 80
Rainbow blue 6.88 2.26 60 7.53 2.118 79 7.43 2.13 53
Video tumble white 6.57 2.74 81 7.21 2.22 67 6.81 2.73 49
Video tumble black 5.92 3.16 65 6.48 2.28 79 6.30 2.58 67
Video fly through short 8.00 2.18 68 8.08 1.76 101 7.75 2.14 77
Video fly through long 7.71 1.93 69 7.48 1.97 81 7.75 1.97 68
Video timelapse repeat 7.55 2.15 74 7.80 1.72 90 8.06 1.84 82

How much does this image or video appeal to you?
Science 5.83 2.37 81 6.27 2.41 86 6.34 2.09 85
Spin dots black 4.96 2.58 90 5.44 2.20 77 5.87 2.87 68
Rainbow pink 5.43 2.73 87 5.76 2.87 99 5.81 2.40 72
Spin dots white 5.14 2.40 66 5.61 2.44 76 5.12 2.11 73
Artistic 8.09 2.00 69 8.02 1.95 83 7.85 2.13 80
Rainbow blue 6.93 2.45 60 7.24 2.41 79 7.09 2.29 53
Video tumble white 5.32 2.60 81 5.99 2.24 67 6.10 2.59 49
Video tumble black 4.94 2.79 65 5.44 2.32 79 5.21 2.13 67
Video fly through short 8.34 1.96 68 8.00 1.83 101 8.01 1.82 77
Video fly through long 7.54 1.81 69 7.35 2.19 81 7.13 2.41 68
Video timelapse repeat 7.39 2.29 74 7.66 1.81 90 7.95 1.92 82

How much do you feel you understand about this image or video?
Science 2.90 1.77 81 4.94 2.35 86 6.68 2.38 85
Spin dots black 2.27 1.59 90 3.30 2.00 77 3.51 2.37 68
Rainbow pink 2.97 1.91 87 4.30 2.30 99 2.97 2.76 72
Spin dots white 2.48 1.86 66 3.43 1.96 76 3.15 1.95 73
Artistic 3.71 2.11 69 5.63 1.96 83 7.34 1.86 80
Rainbow blue 3.47 2.12 60 5.03 2.10 79 6.19 2.36 53
Video tumble white 2.74 1.85 81 3.73 2.14 67 3.98 2.41 49
Video tumble black 2.23 1.77 65 3.42 2.10 79 2.94 2.38 67
Video fly through short 3.82 2.33 68 5.52 1.83 101 6.84 2.00 77
Video fly through long 3.87 2.12 69 5.32 2.32 81 6.56 2.16 68
Video timelapse repeat 3.51 2.07 74 5.00 2.11 90 7.13 2.04 82
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Table 3. Univariate results for image and collapsed self-rating of knowledge, for the items
explanation increased understanding and image or video represented object.

Source Dependent variable d f F Partial eta p
squared

Image Increased understanding 10 7.37 .007 .095
Represents object 10 51.64 .173 <.001

Collapsed self-rating Increased understanding 2 12.43 .010 <.001
Represents object 2 12.63 .010 <.001

Image * Increased understanding 20 1.75 .014 .020
Collapsed self-rating Represents object 20 1.74 .003 .993

Error 2469

Table 4. Means and standard deviations by image for the items explanation increases un-
derstanding and image or video represents object.

Item and image Self-rating of Knowledge
Low Medium High

M SD n M SD n M SD n
How much does explanation increase understanding?

Science 8.47 1.90 81 7.92 2.18 86 7.30 2.79 85
Spin Dots Black 7.62 2.35 90 8.08 2.08 77 8.34 2.16 68
Rainbow Pink 7.72 2.14 87 8.39 1.93 99 8.38 2.14 72
Spin Dots White 7.55 2.23 66 8.04 1.81 76 7.97 2.06 73
Artistic 8.26 1.90 69 8.31 1.81 83 7.80 2.37 80
Rainbow Blue 7.80 2.32 60 8.53 1.82 79 7.70 2.64 53
Video Tumble White 7.72 2.39 81 8.66 1.55 67 7.80 2.25 49
Video Tumble Black 7.23 2.57 65 8.14 1.80 79 7.66 2.42 67
Video Fly Through Short 8.15 1.96 68 8.50 1.67 101 7.73 2.67 77
Video Fly Through Long 8.35 1.64 69 8.57 1.77 81 8.13 2.35 68
Video Timelapse Repeat 8.08 1.90 74 8.58 1.84 90 7.89 2.60 82

How well does image represent object?
Science 7.46 2.02 81 7.83 1.78 86 8.07 2.02 85
Spin Dots Black 5.96 2.50 90 6.35 2.33 77 6.51 2.27 68
Rainbow Pink 6.51 2.32 87 7.19 2.40 99 6.90 2.57 72
Spin Dots White 5.62 2.42 66 5.68 2.33 76 5.52 2.67 73
Artistic 8.01 1.94 69 8.71 1.30 83 8.51 1.68 80
Rainbow Blue 7.67 2.37 60 8.05 1.75 79 7.98 2.17 53
Video Tumble White 6.19 2.48 81 6.93 2.31 67 6.98 2.45 49
Video Tumble Black 5.49 2.70 65 6.13 2.29 79 6.03 2.41 67
Video Fly Through Short 8.12 1.94 68 8.39 1.40 101 8.58 1.67 77
Video Fly Through Long 7.39 1.90 69 7.74 1.92 81 7.94 1.98 68
Video Timelapse Repeat 7.91 1.83 74 8.19 1.51 90 8.48 1.62 82
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Table 5. Analysis of covariance results for initial understanding, with gender as independ-
ent variable, and self-rating of knowledge as the covariate.

Source d f MS F Partial eta squared p
Gender 1 1.325 0.31 .009 .579
Self-rating of knowledge 9 191.46 60.13 .984 <.001
Gender* self-rating of knowledge 9 3.18 0.60 .003 .799

Table 6. Means and standard deviations for initial understanding by gender and self-rating
of knowledge.

Self-rating of Knowledge Gender
Male Female

M SD n M SD n
Complete Novice 2.16 1.52 44 2.19 1.60 106
2 2.95 2.05 74 3.05 1.86 119
3 3.64 2.13 115 3.31 2.07 113
4 4.09 2.17 108 4.18 2.02 84
5 4.64 2.40 134 4.63 2.03 78
6 5.19 3.38 192 4.69 2.30 85
7 5.46 2.62 227 4.91 2.34 55
8 5.81 2.74 151 6.03 2.46 35
9 5.38 2.87 45 5.60 3.06 10
Expert 6.00 3.18 29 6.00 3.03 11
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Table 7. Responses to the open-ended item, “If an astronomer were with you, what addi-
tional question(s) would you ask about the image or video that you viewed?”.

Category n Representative responses Gender, self-rating of ex-
pertise, image or video
viewed *

Color/Spectrum 998 Is this the real color of what you
see in space?

F, 5, Rainbow Pink

Am I seeing a true or false color
image here? Do the more purple
colors represent the hottest re-
gions?

M, 8, Timelapse Repeating

Size/Scale 554 I would also ask for a bench-
mark about its size to better un-
derstand how big it was.

M, 2, Tumble Black

What is the size scale of the im-
age/simulation box?

F, 10, Spin Dots Black

Distance/ Loca-
tion/ Visibility

552 How far away is it? Where is it? M, 2, Tumble Black

Where exactly in the night sky
do we “see” this?

F, 4, Spin Dots White

Technical/ Cap-
turing Image

435 How was this video created? Is
it based on actual photographs?

F, 7, Fly Through Long

What are the velocities of the
components

M, 6, Rainbow Blue

Age 262 How long ago did it happen? M, 5, Spin Dots Black
How do you know how old it is? F, 3, Fly Through Short

Predictions 185 What will it look like in another
million years?

F, 1, Science

How much will the image
change over a period of years,
50 yrs, 100 yrs, 300 yrs?

M, 3, Artistic

Other/Misc. 205 How often does this sort of
thing occur naturally in space?

F, 6, Tumble White

Can you talk me through what
am seeing?

I M, 1, Fly Through Long

None/Nothing 161 I’m an astronomer, so no. F, 9, Science
Not sure, I just enjoy looking at
these images

M, 4, Artistic

*NOTE: M = Male, F = Female; Self-rating of expertise = 1 (complete novice) to 10 (expert).
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Table 8. Responses to the open-ended item, “Is there anything more you’d like to tell us
about this survey?”.

Category n Representative responses Gender, self-rating of ex-
pertise, image or video
viewed *

Thanks/
Interest-
ing/
Enjoyable

245 A lot more interesting than most sur-
veys

M, 6, Fly Through Short

Thanks! Keep up the good work.
This was fun and easy to complete.

F, 4, Rainbow Pink

Critiques/
Sugges-
tions

173 Being able to view the image after
reading the questions again would
be helpful.

M, 2, Spin Dots Black

I have an astronomy background,
and would have liked to have been
able to choose “dying star” or “stel-
lar remnant” as my second option.

F, 8, Fly Through Long

Use of
Results

51 Please make use of the results F, 7, Timelapse Repeating

Please post the results on APOD M, 1, Tumble White
Aesthetics 31 This Cassiopeia image is beautiful M, 3, Rainbow Blue

This was visually beautiful and had
a lot of astrophysical information,
too.

F, 9, Artistic

Color 30 Interesting that the colors used for
the image were for the most part
primary colors.

F, 6, Spin Dots White

I am wondering how I would have
colored the image

M, 10, Fly Through Long

Other/Misc. 87 Fabulous idea. Astronomy, despite
the spectacular advances in imaging,
mathematics and other areas, is still
a people’s science. This type of sur-
vey is one that I hope will capture
information from the ‘people astro-
nomers’ which will make your con-
veying the science to the people even
better. I certainly hope that you do
many more of these surveys. It may
not be a scientific attitude on my part
but I feel that participating in a sur-
vey like this connects me to all those
who are dedicated to expanding our
knowledge of the universe.

M, 3, Tumble Black

It is great to know that you
want to make the science ac-
cessible/understandable to more
people.

F, 5, Science

*NOTE: M = Male, F = Female; Self-rating of Expertise = 1 (complete novice) to 10 (expert)
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Appendix B.
Figures

(a) Image 1: Science. (b) Image 2: Spin Dots Black. (c) Image 3: Rainbow Pink.

(d) Image 4: Spin Dots White. (e) Image 5: Artistic. (f) Image 6: Rainbow Blue.

(g) Video 1: 3D Tumble White
(29s).

(h) Video 2: 3D Tumble Black
(3s).

(i) Video 3: 3D Fly Through
Short (10s).

(j) Video 4: 3D Fly Through Long (51S). (k) Video 5: Timelapse Repeating (35s).

URL’s for Full Videos (note these are not clipped to the length shown in the study):
Video 1: 3D Tumble White, http://chandra.si.edu/photo/2009/casa2/animations.html.
Video 2: 3D Tumble Black, http://chandra.si.edu/photo/2013/casa/animations.html.
Video 3: 3D Fly Through Short, http://chandra.si.edu/photo/2009/casa2/animations.html.
Video 4: 3D Fly Through Long, http://chandra.si.edu/photo/2009/casa2/animations.html.
Video 5: Timelapse Repeating, http://chandra.si.edu/photo/2009/casa/animations.html.

Figure 1. Versions of Cassiopeia A used as stimuli. Credits: NASA/CXC/SAO.
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Figure 2. What first comes to mind with collapsed categories.

Continued on the next page
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Continued from the next page

Figure 3. Mean responses to wanting to learn more, appeal, and understand by image, with
error bars ±2 standard errors.
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Key: Vertical lines represent grouped self-ratings with low, medium, and high groups from left to
right.

Figure 4. Mean responses to how much the explanation increases understanding and how
well the image represents the object showing collapsed self-rating of knowledge, with error
bars ±2 standard errors.
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