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ABSTRACT

Tactile images are often associated with informational augmentation for the blind and visually impaired. However, tactile images also provide unique resources for a variety of learners as an additional mode of informational input.

One of the goals of The Space Exploration Experience Project for the Blind and Visually Impaired (SEE Project) is to explore how tactile images can be used effectively with the sighted public at observatory and planetarium events (Public Nights).

In this poster paper, we will display sample tactile images used by sighted visitors at the Western Connecticut State University Observatory and Planetarium in Danbury, CT, and provide summaries of their experiences from completed surveys.

BACKGROUND

The SEE Project, funded under a NASA IDEAS grant, has as its purpose the development of materials and experiences to provide blind and visually impaired people with an enhanced awareness of the area of space science and the opportunity to directly participate in observational research experiences. A complete description of the project may be found at the SEE Project web site, http://analyzer.depaul.edu/SEE_Project.

One interesting component of the SEE Project was to explore how much benefit sighted people would derive from touching tactile materials while observing celestial objects, either during a planetarium show or directly through an observatory telescope. Since regular Public Nights, usually involving both planetarium shows and viewing with a telescope, are held regularly at Western Connecticut State University, it was decided that this should be the venue for the experiment.

Western Connecticut State University’s observatory contains a computer controlled 20-inch (0.51 m) f/8.1 Ritchey-Chrétien reflecting telescope on a German equatorial mounting. The observing chamber can hold 8 to 10 people comfortably at any given time. The WCSU planetarium, which holds about 40 people, is equipped with a renovated Spitz A3p star projector and epi-concentric seating.

PLANETARIUM SURVEY METHODOLOGY

For the planetarium, tactile images of the Big Dipper and the constellations Orion and Leo began as negative star map pages (brighter means blacker) created by N. Grice using Adobe Illustrator™. N. Grice is the creator of astronomy books with Braille and tactile illustrations (Grice 2002a, 2002b). Stars were symbolized by dots, and light, dashed connecting lines were also added to roughly define each pattern’s shape. The pages were then photocopied onto thermal expansion paper (also called Swell Form paper) and run through a ZY-Fuse Heater (Swell Form) thermal machine. The lower albedo of a page’s dark areas, as represented by the carbon in the photocopy, allows the areas to absorb more heat, causing an expansion of micro-encapsulated ammonia there and a resultant “puffing” of those areas (dots, connecting lines and Braille). 

We solicited input from 143 volunteers, ranging in age from 4 to 70, over the course of 14 planetarium shows from January through May, 2005. During a show, the presenters 

(D. Dawson and N. Grice) would do an initial, verbal description of the star pattern. Subsequently, the constellation was pointed out with a planetarium pointer or a laser. Finally, the presenters again described the star pattern while the volunteers were touching tactile images of it.

After the show, the participants filled out a short survey form. The surveys were anonymous, but personal information such as age, gender, highest level of education, background in astronomy and degree of visual impairment was requested. (It was interesting to note that about two dozen of the participants considered correctable myopia and hyperopia as visual impairments. More profound visual impairments include glaucoma, retinitis pigmentosa, macular degeneration and ischemic optic neuropathy.)

The volunteers also described their planetarium experiences by answering five questions on a 1 to 5 ranking scale. The questions and their associated scales were:

A. Before attending the planetarium show, could you go outside and identify the constellation patterns discussed in the planetarium show yourself?
                                                     (1 – not at all, 5 – knew how to find all of them)

B. After the planetarium presenter verbally described the shape of each constellation, how well were you able to imagine these patterns?

(1 – poorly, 5 – very well)

C.  After the planetarium presenter used a special flashlight to point out the stars making up the constellations, how well were you able to imagine these patterns? 

(1 – poorly, 5 – very well)

D. After you viewed the constellation patterns while touching raised pictures of the constellations, how well were you able to imagine these patterns?

         (1 – poorly, 5 – very well)

E. After attending the planetarium show, could you go outside and identify the constellation patterns discussed in the planetarium show yourself?


(1 – not at all, 5 – could find all of them)

For analysis of the information, we divided the volunteers into groups by age ranges: 4 to 12, 13 to 17, 18 to 25, 26 to 35, 36 to 50 and 51 to 75.

RESULTS OF PLANETARIUM SURVEYS

Differences () in the rankings between questions B through E and question A (which established the individual’s experience baseline) are taken as “helpful” ( > 0), “not helpful” 

( = 0) or confusing” (< 0). We wanted to ascertain whether the methods were pedagogically competitive in usefulness and whether particular age groups might benefit more than others from the tactile method.

[image: image1.wmf]In general, the planetarium volunteers did not have much prior knowledge of constellations [mean score: 2.53], and no strong age dependence was noted. Some benefit [(B - A) mean score: BA = +1.09] was derived from a verbal description of the star pattern, more [(C - A) mean score:  CA = +1.71] from the presenter pointing out constellations with a flashlight or laser. [image: image2.wmf]
[image: image3.wmf]Interestingly enough, the use of tactiles did on average about as well as verbal description [mean score: DA = +1.29], but with significantly greater scatter and possibly bimodality.  About half of the participants (72 of 143) achieved significant [DA = +2 to +4] augmentation of their comprehension from the use of tactiles, while about one third (49 out of 143) derived no benefit or found the tactiles somewhat confusing. Bimodality seems to occur in at least three of the age groups.
Question E was meant to evaluate improvement in the volunteers’ ability to identify the particular constellations pointed out during the planetarium show. In retrospect, it might have been better to administer the question after the observing session that followed each planetarium show, rather than after the show itself—we had the sense that the participants considered question E an opinion question rather than an evaluation of performance. In any case, the improvement in said ability (real or personal opinion) was slight [(E - A) mean score: EA = +1.01].

[image: image4.wmf]The written comments and suggestions of the volunteers were also very helpful. Several participants suggested that a sense of direction, for tracing out a star pattern with the fingers, be incorporated into each tactile. Ensuring a proper orientation of the tactile image was also mentioned—this is something that might be addressed by adding positioning marks to the tactiles and having the show presenter use them with constellations always at the same (preset) positions.

[image: image5.wmf]
OBSERVATORY SURVEY METHODOLOGY

Significant periods of cloudy weather during the spring of 2005 prevented us from getting as large a sample of volunteers at the WCSU Observatory as we did for the planetarium, but 53 individuals between the ages of 6 and 69 responded during four well-attended public nights when skies were mostly clear. Survey methodology was similar to that for the planetarium, except that tactile images of specific celestial objects (the Orion Nebula, Saturn, the Full and waxing crescent Moon, and the Pleiades) were used rather than constellations. Also, no special flashlight was used to delineate the locations of the objects. The RC-20 telescope was used with an eyepiece that yielded a magnification of 100x. D. Dawson staffed the telescope.

Observatory volunteers observed celestial objects through the telescope while the presenter verbally described them. Then each volunteer was asked to feel a tactile image of the object they had viewed. Finally, the participant viewed the object through the telescope while simultaneously handling the tactile image.

The volunteers described their observatory experiences by answering four questions on a 1 to 5 ranking scale. The questions and their associated scales were:

A. When you first looked through the telescope, did you immediately locate the object in the eyepiece?


(1 – not at all, 5 – found it right away)

B. After the observatory person verbally described the shape and characteristics of the object in the eyepiece, do you think it helped you to better understand the object?

(1 – not at all, 5 – very well)

C. When you touched a raised picture of the object seen with the telescope, do you think it helped you to better understand that object?

(1 – not at all, 5 – very well)

D. What is your opinion of using a tactile (touchable picture) while simultaneously viewing that object through the telescope?


(1 – didn’t help at all, 5 – really helped me to better understand the object)

RESULTS OF OBSERVATORY SURVEYS

Although the ages of observatory volunteers were tracked in our survey, because of the low number of participants we did not feel that age group analysis was warranted in the observatory study.

[image: image6.wmf]As with the planetarium survey, Observatory Question A was designed to evaluate each person’s familiarity with telescopes and establish a baseline of ability. Generally, the people had little difficulty in finding the objects being viewed [mean score: A = 4.36]. 

[image: image7.wmf]Questions B and C were designed as opinion questions about the relative merits of verbal description and tactiles as aids to understanding what was observed. In general, verbal descriptions proved more useful than tactiles [(C-B) mean score: CB = -0.65]. 41% of those surveyed rated CB negative in contrast to those rating it positive (11%).

[image: image8.wmf]Question D, the question about the usefulness of tactiles as an aid during observing, showed a wide range of responses with a mean value  = 3.36—that is, of marginal utility.

DISCUSSION

The planetarium survey results suggest that tactile illustrations can be a useful learning adjunct, supplemental to verbal descriptions, for either blind or visually impaired and sighted people. It is not surprising that, as a new technique, the use of tactiles might not meet with complete understanding or acceptance; but the response of our volunteers was generally very positive.

Some deeper issues do need to be addressed in future surveys, including the differences between how sighted and non-sighted people learn. When a sighted person looks at an image, he or she tends to assimilate the whole image first and then break it down into interesting parts. A blind person feels the components of a tactile image, from top to bottom and left to right, and then she or he mentally assembles the complete picture from its components (Edman, 1992; Lewis and Tolla, 2003). If the tactile samples seem rather bare-bones, it is because they were created to be most useful to people with the latter learning style. Would sighted people benefit more from greater detail in the tactile, e.g., fainter stars added to the pattern, or a sketch of the mythological figure that the pattern represents? 

Tactiles fared less well in the observatory setting, which may partly be due to the smaller number of participants for those surveys. The observatory setting and the planetarium setting differ in that for the former, orientation of the tactile and a mismatch between the tactile’s tacit “magnification” and that of the telescope field of view (around 100x) are possible; several people indeed left comments to this effect. The Moon is an example of field of view mismatch: the tactiles show the entire disk of the Moon at different phases, while only a fraction of that view is visible through the eyepiece. We are gradually developing a database of images directly acquired with the RC-20 telescope’s CCD camera, so as to minimize the potentially jarring effects of scale differences.

One person requested greater relief in the tactile images of the Moon so that he could make a better cognitive connection between what he was feeling and what he was seeing. The relative merits of different methods of producing tactile images could certainly be tested in this context, as could the benefits of creating idealized representations of the objects being viewed rather than deriving tactiles directly from photographic or digital images.

Because the RC-20 is a reflecting telescope with an offset guider flip mirror and a German equatorial mounting, directions in the images depend upon whether the telescope is east or west of the pier: S at the top and E to the left, or S at the bottom and E to the right. This problem cannot occur in the planetarium, though the spatial orientation of northern circumpolar constellations will of course change because of diurnal motion.

One last factor to mention is a difference in the group dynamic between star theater and observatory dome. In the planetarium, volunteers sat together as they used the tactiles, with an opportunity to help one another. In the observatory, each participant had a more isolated experience, looking through the eyepiece and concentrating upon visual, aural and tactile inputs. A brief informational session on tactiles prior to the observing session might help the participants better utilize them as a learning tool.

We hope to acquire funding to continue research on the potential benefits of using tactile images as a method of informational input and the effects of such usage on different age groups.
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