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Abstract 14 

An eye-tracking and questionnaire study was set up in collaboration with the Van Abbemuseum (Eindhoven, The 15 

Netherlands) to investigate the perception and appreciation of three Frank Stella paintings from the 60s (Tuxedo 16 

Park Junction and Effingham I from the collection of the museum and a hand-painted replica of Hiraqla Variation 17 

II). Effingham and Hiraqla were shown next to a printed copy without fluorescent colors, for a direct comparison 18 

between the two versions. The main purpose of the study was to assess whether the works were experienced 19 

according to Stella’s prescriptions as defined in his Modernist ‘logic’: all-overness, flatness, instantaneousness 20 

and self-referentiality. We found that the perception of Tuxedo resulted in a well-structured, coherent heatmap, 21 

while a more or less even distribution of fixations over the surface was found in the case of Effingham and Hiraqla 22 

(and their copies), which indicates that Stella’s target of all-overness was achieved better in the last two works. 23 

Although Stella claimed to have created “flat and frontal” paintings, depth was experienced, especially in Tuxedo 24 

and the Hiraqla replica. In the latter, this was mainly caused by the protruding fluorescent colors. Also, in this 25 

work more fixations were found in fluorescent-colored areas when corrected for area size. No such effect was 26 

found in the original Effingham painting. Most participants found only Effingham to be instantaneously capturable. 27 
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In the case of Tuxedo, the specific material qualities, like alkyd and open canvas, were rarely recognized, which 28 

undermines Stella’s aim for self-referentiality. Participants noticed the fluorescent effect in the Hiraqla replica, 29 

but they did not mention other material qualities. A reverse effect was found for Effingham. 30 

 31 
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1. Introduction 35 

 36 

1.1. General Introduction 37 

 38 

The present study aims to investigate the viewing experience of three works by Frank Stella 39 

(born 1936) [Tuxedo Park Junction (1960), Effingham I (1967) and Hiraqla Variation II 40 

(1968)]. Stella created them according to a strict logic which can be considered both an 41 

adaptation and an improvement of Clement Greenberg’s (1909–1994) Modernist logic. 42 

Greenberg was the first to launch the idea that an artist should stay true to the specific physical 43 

characteristics of an art medium (‘medium specificity’): “The purely plastic or abstract 44 

qualities of the work of art are the only ones that count. Emphasize the medium and its 45 

difficulties, and at once the purely plastic, the proper, values of visual art come to the fore” 46 

(Greenberg, 1940/1986, p. 34). In the case of painting, he stresses the notion of ‘flatness,’ by 47 

which paint on canvas should be perceived as the main subject on a pictorial surface 48 

(Greenberg, 1960/1995). Stella departs from Greenberg's notion of flatness, but goes further 49 

by considering which elements are strictly necessary to generate the essence of painting (De 50 

Duve, 1996; De Winter, 2020; Rubin, 1970). 51 

Each series that Stella made during the sixties and seventies, can be considered as an 52 

investigation into obtaining ‘anti-illusionistic painting’: “My paintings are based on the fact 53 
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that only what can be seen there is there. [...] What you see is what you see” (Glaser, 1964/1995, 54 

p. 158). The search for anti-illusionistic painting led him to an instantiation of a set of concrete 55 

principles, which can be summarized as follows: in order to provide pure abstraction, a painting 56 

should be instantly experienced in its ‘objectness,’ free from connotations with its tradition (De 57 

Winter, 2020; Rubin, 1970). According to the artist, this can be obtained through the use of an 58 

all-over design, house painter techniques and materials, self-referential paints and shaped 59 

canvases (De Winter 2020; Rubin, 1970). 60 

These principles either refer to perceptual properties of the works (e.g., transparency, 61 

depth effects, and fast capturability) or to judgments that are partly based on these properties 62 

(e.g., all-overness, instantaneousness, self-referentiality, or anti-illusionism). By claiming that 63 

his works conform to these principles, Stella is in effect saying that they necessarily have to be 64 

viewed in accordance with them. And thus, he is assuming that viewers will see the works as 65 

he intended. Implicit in this assumption is the idea that factors like personal preference, bias, 66 

and connoisseurship will not interfere with the viewing experience he intended to generate (De 67 

Winter, 2020). 68 

The reception of his works seems to oppose this idea. With the exception of Michael 69 

Fried (1966/1998), who praised Stella’s work for being flat and frontal, critics seemed to 70 

experience and interpret the works in different ways: For example, for Donald Judd (1965), 71 

Stella’s works are illusionistic, because, according to him, all paintings are inextricably linked 72 

to the illusion of spatiality. Barbara Rose (1967) and Rosalind Krauss (1990) categorized them 73 

as abstract illusionistic, because they wanted to distinguish Stella's work from traditional 74 

spatiality by emphasizing a new form of spatiality that is material-bound and therefore purely 75 

abstract. Consequently, it will not come as a surprise that the overall evaluation of these works 76 

varied considerably with regard to their adherence to Stella’s Modernist logic. Since these 77 

evaluations rely so heavily on the aforementioned perceptual claims and judgments, they 78 
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cannot be assessed adequately without first having ascertained the validity of both the claims 79 

and judgments. Assessing their validity means determining empirically whether they can be 80 

inter-subjectively verified. This means subjecting them to a (semi-controlled) study in a wide 81 

sample of viewers. 82 

This was already done for color depth and fast capturability in two previous laboratory 83 

studies (De Winter et al., 2018, 2020). The first one (De Winter et al., 2018), based on four 84 

Irregular Polygon paintings (1966–’67), showed that participants experienced more depth in 85 

the fluorescent colors (i.e., perceived them as protruding) than their conventional variants (as 86 

the colors appear in reproductions) or the adjacent conventional colors in the same design. This 87 

finding is inconsistent with Stella’s claim (which he first made in the interview with Lane Slate) 88 

that his works are experienced as flat and frontal (i.e., have no depth effects) (Slate, 1966). In 89 

the second study (De Winter et al., 2020), it appeared that participants were able to grasp 90 

stimuli that were based on Stella’s Moroccan paintings (1964) in very short exposure times. 91 

This seems to confirm Stella’s assumptions, as mentioned in the interview with Bruce Glaser, 92 

about the capability of these paintings’ to instantly present themselves to the viewer (Glaser, 93 

1964/1995). However, differences in performance were found between color combinations and 94 

color type, for instance, for the red/yellow fluorescent designs fewer errors were found than for 95 

the conventional variants, while the reverse effect was found for green/orange designs. The 96 

latter finding undermines the idea that all works of the Moroccan series are experienced 97 

similarly, as Stella intended (Rubin, 1970). Also, it appears that the self-referential quality of 98 

the paint cannot be experienced during short exposure times, which further undermines Stella’s 99 

original intention. 100 

With the present study, we wanted to further investigate the effect of fluorescent colors 101 

and the implications for Stella’s Modernist logic, more specifically the concepts of all-102 

overness, flatness, and instantaneousness (see Subsection 1.3. Research Objectives), in a 103 
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museum setting with real works of art, instead of isolating colors in more controlled stimuli, as 104 

was done in the previous studies. We opted for a combination of mobile eye tracking, along 105 

with questionnaires and interviews. The study took place at the Van Abbemuseum in 106 

Eindhoven, The Netherlands from 9 February to 7 April, 2019. Although the use of eye-107 

tracking methods to study the perception of visual art is not new, using them to help assessing 108 

art-historical questions is still in its infancy. Thus far, only a few studies have used mobile eye 109 

tracking for the investigation of the perception and appreciation of real paintings (Rosenberg 110 

& Klein, 2015; Stevanov et al., 2018). Rosenberg and Klein, along with James Elkins and Erna 111 

Fiorentini (2020) have pointed to the potential of eye-tracking methods for art-historical 112 

studies. 113 

The exhibition (see Fig. 1 and Fig. 4 below, for a map of the exhibition), which was 114 

specifically set up for the study, consisted of one work from the Black Paintings, namely 115 

Tuxedo Park Junction (1960), one work from the Irregular Polygons series, namely Effingham 116 

I (1967) (see Fig. 5 below, top-right, original painting), and one from the Protractor series, 117 

Hiraqla Variation II (1968). First of all, these three works are chosen because they exemplify 118 

Stella’s Modernist logic. In addition, the Van Abbemuseum has two Stella paintings in their 119 

collection which were suitable for the study (Tuxedo Park Junction and Effingham I). Tuxedo 120 

Park Junction is one of Stella’s Black Paintings that characterize the early stage in the 121 

development of his Modernist logic. Effingham I is one of Stella’s Irregular Polygons, a series 122 

created during the height of Stella’s anti-illusionistic approach. The work consists of both 123 

fluorescent and conventional colors. Also, the colors of Effingham I were already used in an 124 

earlier study on color depth (De Winter et al., 2018), which allowed for a comparison between 125 

the color (depth) effect of the more controlled study and the real art work. Hiraqla Variation 126 

II is a work from Stella's latest series containing fluorescent paints, the Protractor series. In 127 

these monumental works, Stella combined various fluorescent and conventional hues, where 128 
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some of the fluorescent colors were mixed with conventional paints. The decision to replicate 129 

Hiraqla Variation II was based on the fact that both the NSU Art Museum in Fort Lauderdale, 130 

Florida, where the work was on display, and Stella himself (the work is from his collection) 131 

granted permission to perform a close investigation of the work (e.g., measuring colors and 132 

detecting fluorescent pants with UV), which was performed during the summer of 2018 (see 133 

Note 1). 134 

While Greenberg and Stella both championed the importance of material specificity in 135 

painting, the specific visual effects of paint layers, such as those of DayGlo paints in Stella’s 136 

work, are rarely discussed and often overlooked in the literature. We wondered whether this 137 

problem might be linked to the fact that the fluorescent effect is lost in digital or printed 138 

reproductions, which are commonly used by authors when they write about these works. 139 

Therefore, to get a better idea of the influence of the fluorescent colors in these works, we have 140 

chosen to show the two fluorescent works next to a printed copy without fluorescent colors 141 

(Fig. 4 below). We chose to use an equal-sized print because we wanted to be able to measure 142 

the difference between a fluorescent and non-fluorescent version of the same work. 143 

Specifically, a full-sized printed copy of Effingham I, without fluorescent colors, was shown 144 

next to the original painting (see Fig. 5 below, top-left, printed copy). The first author made a 145 

hand-painted replica of Hiraqla Variation II with fluorescent colors for the occasion (see Fig. 146 

7 below, top-right, painted replica). Her training as a painter and conservator of paintings 147 

(particularly the work of Frank Stella) enabled her to make the replica thanks to her strong 148 

knowledge of both the composition of paint layers, the techniques and the materials used. In 149 

addition, the exhibition also included a non-fluorescent print of the work (Fig. 4) (same size as 150 

the replica) (see Fig. 7 below, top-left, printed copy). The Black Painting Tuxedo Park Junction 151 

(1960) (see Fig. 9 below, on the left) was also investigated, but without an additional printed 152 

copy. Although this study is mainly focused on Stella’s paintings with fluorescent colors, we 153 
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also wanted to compare the viewing patterns and questionnaires of the more colorful works 154 

with one of Stella’s Black Paintings. We tested around one hundred participants, divided into 155 

three expertise groups: artists, art historians and laypeople. 156 

 157 

1.2. Art-Historical Background 158 

 159 

In the 1960s Frank Stella made paintings that evolved from simple striped patterns (Tuxedo 160 

Park Junction) to irregular shaped structures (Effingham I) and more complex circular patterns 161 

(Hiraqla Variation II). Our selection also reflects this evolution. He used a variation of 162 

industrial paints (black alkyd, aluminum and fluorescent paints) that were new and 163 

unconventional in art at the time. To make his painting conform to the standards of Modernism, 164 

Stella made his works according to a set of strict regulations, for instance, the use of 165 

housepainter tools and methods to eliminate the hand of the artist, leaving the canvas visible 166 

in-between the painted stripes, using patterns that refer to the stretcher of the painting (Rubin, 167 

1970). For Stella, a Modernist painting had to be “anti-illusionistic” and it should be art that 168 

exists on its own (Rubin, 1970). With this concept, he went a step further than Clement 169 

Greenberg, who wanted to promote a painting’s ‘flatness’ by emphasizing its medium-specific 170 

qualities (i.e., showing the brushstrokes, paint qualities and colors on the canvas, while doing 171 

away with any form of representation) (Greenberg, 1960/1995). According to Stella, a 172 

Modernist work should present itself completely (all-over), unambiguously and in an instant 173 

(Rubin, 1970). After his first successful Black Series, he mentioned this in an interview: “I 174 

wanted people to be able to see the paintings directly and unequivocally. The emphasis on the 175 

surface, on the symmetrical quality of things, was to keep people from moving around in the 176 

painting. It’s non-atmospheric, non-resilient, there’s no room to run around in so there’s almost 177 

only one way you can see the painting. The real point of the paintings is that they’re supposed 178 
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to be self-evident and supposed to be easy to see and easy to understand” (Solomon, 1970, 3). 179 

To avoid depth experiences (‘true flatness’), the viewer should not engage with the pictorial 180 

surface of the work. Stella claimed to have succeeded in making ‘non-relational’ works that 181 

instantly present themselves as ‘painting-objects.’ He communicates about this idea for the first 182 

time in the famous interview with Bruce Glaser in 1964: “It really is an object. Any painting is 183 

an object and anyone who gets involved enough in this finally has to face up to the objectness 184 

of whatever it is that he’s doing” (Glaser, 1964/1995, p. 158). For him, the choice for mural-185 

sized (later also shaped) canvases, industrial paints and simple (striped) patterns or shaped 186 

configurations, cause the pictorial surface to be nothing more than a part of the whole 187 

(painting-)object (Rubin, 1970). 188 

As indicated in the beginning of this section, one of the most striking innovations in 189 

Stella’s work is his choice for non-artist, industrial paints. Stella started to use these paints 190 

because of their ‘self-referential’ quality, which adds to the substantiation of an anti-191 

illusionistic aesthetic experience (Rubin, 1970). Because these paints are not traditionally used 192 

in art, they are free from connotations which tie them to other works from the art-historical 193 

canon, and thereby they only refer to themselves. This helps to minimize the engagement with 194 

the pictorial surface, which also adds to the anti-illusionistic effect he aims for (Rubin, 1970). 195 

Tuxedo Park Junction was created in 1960 and can be regarded as one of Stella’s second 196 

series of Black Paintings. After applying more symmetrical vertical and horizontal oriented 197 

patterns, Stella chose in this second series for diamond-shaped patterns, of which this work is 198 

an example, showing two stacked diamond patterns. This painting is made with thick stripes 199 

of black alkyd paint applied on a thin primed canvas, which leaves the structure of the cotton 200 

canvas visible. 201 

Effingham I is part of the Effingham subseries, which is part of the Irregular Polygon 202 

series that Stella created between 1965 and 1967. The Effingham subseries consists of four 203 
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works that all have a primary shape, to which a secondary shape is added through the help of 204 

a band. In the case of Effingham I, a large irregular plane is attached to a diamond fluorescent 205 

yellow (Saturn Yellow) plane through a fluorescent blue (Horizon blue) band. The painting is 206 

made with emulsion paint (acrylic), in which the artist mixed pigment powder. He brushed the 207 

paint with a large housepainter brush on an unprimed cotton canvas. 208 

Hiraqla Variation II is the rainbow-motive version of a subseries of three Hiraqla 209 

Variation paintings that Stella created in 1968. The painting contains 92 colored sections 210 

comprised of 54 unique colors, with 38 half circles consisting of two sections of the same color. 211 

Eight different colored frames are applied around the quarter circles and another eight different 212 

hues fill the small leftover spaces in the corners of the square frames. Stella used only five 213 

different pure fluorescent colors (Aurora Pink, Blaze Orange, Signal Green, Rocket Red, and 214 

Arc Yellow), and clustered three of them together in the right half circle of the painting (see 215 

Fig. 2a). The fluorescent pink is used in the smallest semicircle of the left part and the orange 216 

is applied in the largest arc on the bottom semicircular part of the painting (see Fig. 2a). Stella 217 

mixed fluorescent colors with white and other conventional hues to obtain a new variation of 218 

semi-synthetic tonalities (see Fig. 2b and c). The painting is, like Effingham I, made with 219 

acrylic paint, which he rolled on the unprimed canvas. 220 

 221 

1.3. Research Objectives 222 

 223 

The main aim of this study was to investigate whether Stella’s claims concerning the anti-224 

illusionism of his works could be corroborated for three specific works. In particular we 225 

focused on the qualities of all-overness, flatness, self-referentiality and instantaneousness. 226 

Since fluorescent colors and the material qualities of the works play a central role in 227 

instantiating these qualities, we made printed copies (in which the fluorescent colors are 228 
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replaced with their conventional variants) of Effingham I and Hiraqla Variation II. Because of 229 

its monochrome black nature, this was not done for Tuxedo Park Junction. 230 

 231 

1.3.1. All-Overness 232 

Since his Black Paintings, Stella made sure that his paintings were completely covered from 233 

edge to edge with a simple geometric pattern filled in with (an) arbitrary color(s). According 234 

to the artist, his paintings should therefore generate an all-over experience (Rubin, 1970). In 235 

the case of such an all-over experience, the participants will not focus on a particular point/area 236 

in the work, but rather freely wander around the work. In his later work (since the Irregular 237 

Polygons, e.g., Effingham I, but also the Protractor series, e.g., Hiraqla Variation II) Stella 238 

creates shaped paintings that perpetuate the composition with shapes (no more striped patterns) 239 

which he filled with arbitrary colored surfaces. Such paintings should guide the viewer’s 240 

attention toward the edge of and around the work, once more to prevent him/her from focusing 241 

on a single area. To validate Stella’s claim of all-overness, the fixation points of the participants 242 

should be distributed more or less equally over the entire work. In the case there are single 243 

fixation areas that clearly attract more attention, this would be problematic for Stella’s claim. 244 

 245 

1.3.2. Flatness 246 

Stella aimed to eliminate the illusion of spatiality from his paintings, which caused him to 247 

created flat and frontal works (Rubin, 1970). We were particularly interested in depth 248 

experiences created by color and in particular fluorescent colors. In De Winter et al. (2018), 249 

we found strong (protruding) depth effects in a more controlled study using stimuli containing 250 

color combinations taken from Stella’s Irregular Polygons works. We are curious to see 251 

whether these effects will also be found when viewing real works in a museum setting. For 252 

this, we relied on questionnaires and interviews which assessed the experience of depth through 253 
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color. In addition, we asked whether participants also experienced depth through pattern and 254 

which of the two was dominant. 255 

 256 

1.3.3. Self-Referentiality 257 

To give his work a self-referential character, Stella insists that the materials used should be 258 

recognized as such. For example, fluorescent paints should be recognized as fluorescent paints, 259 

without referring to anything outside themselves. When analyzing the participant interviews, 260 

we therefore investigated whether participants spontaneously noticed the presence of 261 

fluorescent colors in both the original painting of Effingham I and the replica of Hiraqla 262 

Variation II. The same was done for the black alkyd paint in Tuxedo Park Junction. 263 

 264 

1.3.4. Instantaneousness 265 

As mentioned in the introduction, Stella finds that his works can be grasped instantaneously. 266 

Unlike in De Winter et al. (2020), it was not possible to test this using a short-exposure 267 

recognition task in the present exhibition study. Instead, we asked participants whether they 268 

experienced the works instantaneously. 269 

 270 

1.3.5. Original Painting vs Printed Copy 271 

We opted to include a printed copy next to the original painting of Effingham I (Note 2) and 272 

the replica of Hiraqla Variation II to investigate whether, and in what way, participants viewed 273 

and experienced the original paintings differently than their reproductions. Participants were 274 

not informed about the fact that there was a copy (mounted on a stretcher and printed on canvas) 275 

hanging next to the actual painting. This way we were able to study to what extent they noticed 276 

differences and whether the materiality of the painting, especially the fluorescent colors, more 277 

spontaneously attracted their attention than that of the copy. Besides that, we wanted to 278 
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investigate in what way Stella’s central reliance on specific material qualities to inscribe his 279 

works in the Modernist logic is (spontaneously) notified and whether this was more pronounced 280 

in the paintings that contain fluorescent colors than in the fluorescentless printed copies. 281 

Secondly, we were curious to see whether the poor representation of the specific visual effects 282 

linked to fluorescent paints in the literature had to do with the fact that authors often only 283 

observe reproductions of the works. To study the differences between the experience of the 284 

printed copy and the painting, we compared the heatmaps with respect to the viewing 285 

distribution and fixation count, and through questionnaires and interviews we focused on 286 

differences in materiality, color, expertise and preference. 287 

 288 

1.3.6. Expertise 289 

As mentioned before (Subsection 1.2), according to Stella, each viewer should experience his 290 

work in the same way. In concrete terms, this means that differences of expertise should not 291 

affect the required viewing experience of his work. Therefore, we were curious to find out 292 

whether differences in expertise led to differences in viewing behavior, experience and 293 

preference. We therefore divided the participants into three groups, based on their expertise: 294 

artists, art historians and laypeople, in order to compare fixation counts and fixations in specific 295 

areas of interests, questionnaires, and interviews. 296 

 297 

1.4. Hypotheses 298 

 299 

1.4.1. All-Overness 300 

We expected the fixations for Tuxedo Park Junction to show that participants mainly followed 301 

the pattern of the painting's composition. In the case of Effingham I, we expected to see most 302 

fixations distributed on the edge of the shaped painting and the lines of the figures in the 303 

composition. Besides that, we hypothesized that there would be more fixations on the 304 
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fluorescent yellow and blue surfaces than on the conventional orange paint surface (after 305 

normalizing for area). In the case of Hiraqla Variation II, we expected to find the most fixations 306 

on the fluorescent-colored areas compared to the areas with non-fluorescent paints. If so, this 307 

would mean that an all-over experience could be achieved in Effingham I and Hiraqla 308 

Variation II, as demonstrated by the wider distribution of fixations over the paintings. Finally, 309 

we hypothesized that a significant difference would be found between the fixations on the 310 

paintings containing fluorescent hues and the non-fluorescent printed copies. 311 

 312 

1.4.2. Flatness 313 

In the case of Tuxedo Park Junction, we expected that most participants would experience 314 

some depth effects inwards or outwards from the center of the concentric squares. For 315 

Effingham I, given the previously mentioned results of De Winter et al. (2018), we expected 316 

that depth would be experienced mainly through the effect of the fluorescent surfaces and less 317 

through the shapes. This would mean that more depth would be experienced in the original 318 

painting than in the printed copy. Similar results were expected for Hiraqla Variation II, mainly 319 

strong protruding or receding depth experiences in the painting (replica), caused by the 320 

fluorescent hues, compared to the printed copy. For the pattern of Hiraqla Variation II, we 321 

hypothesized that participants might see the square-shaped frames in front of the circles. If the 322 

questionnaires reveal depth experiences caused by color, and if more fixations are found on the 323 

fluorescent colors, then this might indicate that the experience of depth is primarily generated 324 

by the presence of fluorescent colors in the work. 325 

 326 

1.4.3. Self-Referentiality 327 

We expected that participants would notice the fluorescent hues in both Effingham I and 328 

Hiraqla Variation II. However, we thought it less likely that participants would mention the 329 
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presence of alkyd paint in Tuxedo Park Junction, but if this was the case, we mainly expected 330 

such responses in the group of experts. 331 

 332 

1.4.4. Instantaneousness 333 

We expected that participants would experience both Tuxedo Park Junction and Effingham I 334 

as instantaneous paintings. For Tuxedo Park Junction, this would be the case because of the 335 

black monochromatic paint surface, while for Effingham I, this would be the result of the large 336 

colored surfaces and shaped canvas. For Hiraqla Variation II, we expected that participants 337 

would find this painting visually too complex to be experienced as instantaneous, due to the 338 

combination of the many different colors and the circular patterns. 339 

 340 

1.4.5. Original Painting vs Printed Copy 341 

Firstly, we expected more fixations on the paintings than on the printed copies, and more on 342 

the fluorescent colors than on their conventional variants. Secondly, in the interviews, we 343 

expected a difference between experts and laymen when distinguishing between the painting 344 

(original Effingham, Hiraqla replica) and the printed copy. We assumed that the expert group 345 

was better at recognizing material properties associated with a real painting. More specifically, 346 

we assumed that mostly artists would notice a difference between the two versions and that 347 

they would spontaneously identify the printed copy as such. We only expected some experts 348 

(artists or art historians) to notice that the Hiraqla Variation II painting was a painted replica. 349 

Finally, we expected that participants would prefer the paintings to the printed copies. 350 

 351 

1.4.6. Expertise 352 

We expected that both expert groups would look at the works differently and have different 353 

preferences than laypeople (as mentioned above). We expected that experts would mostly 354 
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watch the paintings and spend less time looking at the printed copy. Moreover, as mentioned 355 

above, we expected that experts would notice more differences in materiality between the 356 

paintings and the printed copies. Furthermore, we hypothesized that the type of expertise would 357 

be reflected in the responses to the interview: art theorists would likely use their theoretical 358 

knowledge, while the artists (especially painters) would experience more material differences 359 

and distinguish the copy from the painting more easily. 360 

 361 

2. Method 362 

 363 

2.1. Participants 364 

 365 

In total, we tested 103 participants, who were recruited via the museum’s website, social media, 366 

the researchers’ personal networks and asking museum visitors to participate on site. All 367 

participants completed the questionnaires and we collected mobile eye-tracking data from 98 368 

of them. The data from the remaining five participants were invalid due to malfunction of the 369 

eye-tracking equipment. We made three categories of expertise groups based on education and 370 

occupation: 36 laypeople (who have no art-related background), 24 art historians (people with 371 

art-theoretical knowledge who had taken at least one course on art history and who had no 372 

experience in art practice), and 43 artists (professional artists and recreational artists who have 373 

at least some experience with art practice, have had higher art education, and/or have active 374 

knowledge on color theory). 375 

None of the participants were younger than 18 or older than 75 years old (M = 43.86, 376 

SD = 16.95). There was no preset number of participants, although we aimed for a balance 377 

between the expertise groups. The researchers continued to recruit individuals until the end of 378 

the study (within a strictly defined period of the temporary exhibition, as agreed with the Van 379 

Abbe staff). Due to the self-selection of most participants, they were expected to have an above-380 
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average interest in art and to visit museums regularly, which was reflected in a mean interest 381 

in art of 6.06 on a 7-point Likert-type scale (SD = 1.12). Furthermore, most of the participants 382 

reported visiting art exhibitions often (71%), with a minority stating that they visited art 383 

exhibitions only sometimes (21%). Prior to participation, all participants were screened for 384 

color blindness using an Ishihara color vision test book. 385 

 386 

2.2. Stimuli 387 

 388 

As mentioned in the introduction, three paintings were the subjects of this investigation: one 389 

of Stella’s second group of Black Paintings, Tuxedo Park Junction (1960; 311.9 × 187 cm; see 390 

Fig. 9 below on the left); one of Stella’s Irregular Polygons paintings, Effingham I (1967; 327 391 

× 335.5 × 10.1 cm; see Fig. 5 below, top-right, original painting); and one painting from the 392 

Protractor series, Hiraqla Variation II [1968; size of the replica is 250 × 500 cm; size of the 393 

original painting is 305 × 609 cm; fluorescent and conventional acrylic (polymer) paint on 394 

canvas; see Fig. 7 below, top-right, painted replica]. 395 

Both the original painting of Effingham I and the painted replica of Hiraqla Variation 396 

II were shown alongside a printed copy of the respective works. These works were combined 397 

with a print so that participants could see the paintings with and without fluorescent colors, as 398 

they appear in reproductions (Note 3) and in photographs of the works (except for their 399 

reduction in size, with the intensity of the colors and the tactility of the materiality appearing 400 

weakened and simplified). We wanted to see how these works would be experienced without 401 

fluorescent colors in order to learn more about their impact on the work as a whole. 402 

Furthermore, we were curious about which version (the painting or the printed copy) the 403 

participants would prefer. We chose to make the copies the same size as the paintings, and they 404 

were printed on (white) canvas and mounted on a stretcher frame of the same thickness as the 405 
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paintings. As a result, a typical participant did not immediately notice the difference between 406 

the two versions upon entering the room. By putting a printed copy of the exact same size, and 407 

mounted on a stretcher, next to the paintings, a specific comparison between color and 408 

materiality was made possible. 409 

In addition to the fact that the colors appear differently in the printed and painted 410 

versions, when comparing them up close, the pixelated surface and glossy structure of the copy 411 

is incomparable with the tactility of the matte brushed paint surface of the original painting 412 

(see Fig. 3). None of the participants received information about the paintings or were told that 413 

they were combined with a printed copy. Participants only knew that the study was based on 414 

Frank Stella’s work. 415 

 416 

2.3. Setup 417 

 418 

2.3.1. Exhibition Space 419 

For this study, a temporary exhibition was created in one of the exhibition spaces of the Van 420 

Abbemuseum. During the weeks of the study, a special setup with temporary walls was 421 

installed in the exhibition space so that the paintings were in three separate rooms (see Fig. 4). 422 

This allowed us to counterbalance the sequence in which the paintings were visited across 423 

participants. When standing in the exhibition space entrance, the left room consisted of the 424 

original painting of Effingham I (on the right) and the printed version next to it (on the left) 425 

(see Fig. 4). The most remote room was where Tuxedo Park Junction was installed, and the 426 

room on the right contained Hiraqla Variation II (replica) and a printed version next to it 427 

(similar to the Effingham I room) (see Fig. 4). Half-way throughout the study, the Hiraqla 428 

Variation II painted replica and print were switched to be able to check whether left to right 429 

reading biases had an effect on the preferred first viewing location. All of the paintings were 430 
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displayed in rooms with no daylight and lit with 4000 K spotlights. Each room provided enough 431 

space for the participants to walk around and comfortably choose a suitable viewing distance 432 

(see Fig. 4). Only one person at a time was allowed to enter each room. All rooms had entrances 433 

with curtains that opened right between the painting and the copy, or in the center of the 434 

painting, in the case of Tuxedo Park Junction. 435 

 436 

2.3.2. Eye-Tracker 437 

Eye movements were monitored and recorded while participants were wearing a set of Tobii 438 

Pro Glasses 2 with a sampling frequency of 50 Hz. The glasses employ a binocular eye-tracking 439 

technique using corneal reflection and dark pupil tracking (Tobii Pro, 2020). Before the 440 

participants could start the task, they were asked to fixate on one point, as a way to calibrate 441 

the mobile eye-tracking glasses (i.e., one-point calibration procedure). Afterwards, the Tobii 442 

Pro Lab software (and R) was used to analyze the data. This software allowed us to specify 443 

areas of interest (AOIs) on the paintings, enabling the comparison of eye-movement behavior 444 

(e.g., number of fixations) between regions of the paintings. 445 

 446 

 447 

2.3.3. Questionnaires 448 

After the eye-tracking component, each participant was asked to complete a short 449 

questionnaire, followed by a short interview regarding the aesthetic appreciation of each work 450 

and the copies. In the Effingham I room, the participants were asked to rate the color depth of 451 

certain areas on the painting and the same areas on the copy. This part of the questionnaire was 452 

part of a follow-up study of a previous, more controlled color depth experiment (De Winter et 453 

al., 2018) (Note 4). Due to the large number of different colors in Hiraqla Variation II, the 454 

participants were asked about their (color) depth experience for the replica and the copy during 455 
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the interview. This was also done for Tuxedo Park Junction. In both cases, if the participant 456 

mentioned something or a certain area was pointed at, this was noted and marked by the 457 

interviewer on the schematic representation of Hiraqla Variation II or Tuxedo Park Junction. 458 

In addition to the color depth rating, six different scales were used to assess the 459 

participants’ aesthetic responses for all of the paintings and copies. The choice of these scales 460 

was based on those used in the study by Lyssenko et al. (2016). We used four of the Lyssenko 461 

et al. scales: Structure, Interest, Pleasantness, and Complexity, and added two more scales of 462 

special interest to this study: Staticness and Fragmentation. The scales used in our study were 463 

as follows: structured–unstructured, interesting–boring, pleasant–unpleasant, simple–complex, 464 

static–dynamic, fragmented–unified. Each scale consisted of a five-point line scale with 465 

antonyms on opposing sides but no clear markers for discrete numerical responses. For the 466 

analysis, we transformed the five-point line into a nine-point scale (with values from −4 to 4 467 

in order to increase specificity and to decrease ceiling and floor effects). Participants marked 468 

their response on the line segment from one extreme to another. Responses were recorded based 469 

on the value of the point they were closest to on the nine-point scale, using the point of 470 

intersection with the scale as the answer value, if the answer was a simple line or tick mark. 471 

When responses were given in the form of a cross (or other related characters), the response 472 

value was set equal to the scale value above which the center of the cross was positioned (by 473 

visual approximation). In the event that an answer was exactly between two points on the scale, 474 

the point value to which most of the response mark was closest was used. 475 

 476 

2.4. Task and Procedure 477 

 478 

First, participants were asked to complete an informed consent form and a short form to register 479 

demographics (e.g., age, sex and education), aesthetic interests, and art (historical) education. 480 
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After the completion of the form, the participants were invited to conduct the eye-tracking 481 

study, consisting of a first part, which was a semi-controlled, fixed eye-tracking experiment, 482 

and a second part, the mobile eye-tracking study in the exhibition. The fixed eye-tracking 483 

experiment consisted of a visual exploration task around a circle with different colors (based 484 

on the Hiraqla Variation II painted replica and the printed copy) and a subsequent task in which 485 

they were asked to look for one specific target color in the same color circle. This experiment 486 

took approximately 15 to 25 minutes to complete and was part of a study on the painting 487 

Hiraqla Variation II, but is not included in this article. Apart from a few participants noting 488 

the presence of fluorescent or neon colors in the stimuli used, the preliminary experiment 489 

contained no information related to the research questions of the current study. 490 

Thirdly, immediately following the fixed eye-tracking experiment, the mobile eye-491 

tracking study took place. After calibrating the Tobii eye-tracking glasses, each participant 492 

went into the exposition space alone, following a predetermined route. Each participant was 493 

given a room order (evenly distributing the following room sequences: 1-2-3; 1-3-2; 2-1-3; 2-494 

3-1; 3-2-1; 3-1-2). Participants were asked to carefully follow the instructed order of rooms 495 

and not return to previous rooms during the free-viewing experiment. Furthermore, the 496 

participants were instructed to spend as much time viewing the paintings as they wanted. In a 497 

few cases, the connection was lost due to a malfunction of the Tobii equipment, causing the 498 

participants to be called back for correction when they left the room. Consequently, in those 499 

cases, the last parts of the viewing experience were lost, as the participants were instructed not 500 

to revisit the room where the disturbance occurred (participants were able to revisit the room 501 

after the eye-tracking phase). After visiting the three rooms, the recorded file was saved and 502 

the eye-trackers were taken off. 503 

Thereafter, all participants were invited for an interview in which they were asked in 504 

each room to fill in a one-page questionnaire for each painting and copy. During this phase, 505 
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participants revisited the works in the presence of the interviewer. First, all participants were 506 

asked about their experiences in the Effingham I room, in which they all began by completing 507 

the color depth part, followed by the aesthetic response questionnaire (scales). The participants 508 

alternately started with the original painting and the copy. After the participant finished the 509 

questionnaire (for both the painting and the printed copy) in one room, the interviewer further 510 

interviewed the participant on his or her viewing experiences, asking questions about whether 511 

they noticed a difference between the two versions (in the case of Effingham I and Hiraqla 512 

Variation II), if they could experience the work in an instant, and whether they experienced 513 

depth (in the case of Hiraqla Variation II and Tuxedo Park Junction). At the end of each 514 

interview session, the participant was asked to select his or her favorite painting. All answers 515 

were written down on the fill-in sheets of the questionnaire. When one room was finished, the 516 

interviewer guided the participant to the next rooms, in which the procedure was repeated. The 517 

room order, after revisiting Effingham I, was randomized across participants. When the 518 

interview was finished, all participants received a general debriefing. They did not receive 519 

specific information, like the fact that the original painting was combined with a printed copy 520 

or that Hiraqla Variation II was a painted replica, in order to prevent them from passing on 521 

such information, which might compromise the data acquired from subsequent participants. 522 

They were promised more information after the finalization of the analysis of the data and were 523 

invited to attend an upcoming symposium (which took place in the Van Abbemuseum a week 524 

after the experiment ended). 525 

This study was approved by the Social and Societal Ethics Committee (SMEC) at the 526 

KU Leuven. 527 

 528 

2.5. Technical Information on Heatmaps 529 



 22 

The gaze fixations were extracted from the raw data using the built-in Tobii I-VT filter 530 

(Velocity-Threshold Identification Gaze Filter) with default parameters for the ‘Attention’ 531 

version of the algorithm (Tobii Pro, 2021, p. 159), including a velocity threshold of 100°/s and 532 

a minimum fixation duration of 60 ms. 533 

To provide a better visual understanding of how participants’ gaze fixations were 534 

distributed across the paintings and copies, we created relative heatmaps of the fixation 535 

distributions using the ‘Heatmap’ feature in Tobii Pro Lab. A heatmap displays the relative 536 

distribution of the fixations on a given image (these can be per participant or pooled across 537 

groups). The warmer colors represent the more-attended areas in the image, while the cooler 538 

colors represent the less-attended areas. The ‘Heatmap’ feature in Tobii Pro Lab counts the 539 

fixations at each location of the image to provide a spatial distribution of the gaze fixations, 540 

and smoothens it with a cubic Hermite spline polynomial function (approximating a Gaussian 541 

smoothing kernel). We used the default parameters implemented in Tobii Pro Lab, i.e., the 542 

radius of the cubic Hermine spline function was set to 50 pixels (for a resulting kernel of 100 543 

pixels) and the time of interest included the total viewing time for each artwork. We computed 544 

relative heatmaps, which incorporate a normalization by participant. Each participant’s fixation 545 

count at each location is divided by the total number of fixations they executed, before 546 

smoothing the map aggregating the participants’ fixations. Therefore, relative heatmaps are 547 

less influenced by participants with an extreme number of fixations than absolute heatmaps, 548 

which pool the fixations of all the participants together without normalization. 549 

 550 

3. Results 551 

 552 

In this section, the results of the mobile eye-tracking, questionnaires and interviews are 553 

discussed. 554 
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3.1. A Comparison Study of the Eye-Movement Behavior for the Original Painting vs 555 

Printed Copies in Effingham I (1967) and Hiraqla Variation II (1968) 556 

 557 

In this subsection, the relative heatmaps along with the mean proportion of fixations will be 558 

discussed for both versions (original painting and printed copy) of Effingham I and Hiraqla 559 

Variation II. As mentioned above (see Subsection 2.1), 98 of the total of 103 participants 560 

conducted the eye-tracking study, although only 92 complete recordings were usable (error-561 

free). Thus, the heatmaps are the result of 92 different recordings, of which 32 stem from 562 

laypersons, 41 from artists, and 19 from art historians. 563 

 564 

3.1.1. Effingham I, Original Painting vs Printed Copy 565 

When comparing the heatmaps of the original painting and printed copy of Effingham I (Fig. 566 

5) it initially appears that they show fairly similar viewing patterns. In both versions, it seems 567 

that there are more fixations on the yellow part than on the orange part. More fixations can be 568 

noted at some of the corners of the yellow diamond shape in the original painting of Effingham 569 

I. In addition, the lower left corner and the point angle in the cove at the top received many 570 

fixations in both versions. In the case of the copy, the point corner appears to show more 571 

fixations, likely because the canvas was wrinkled in that spot and thus attracted more attention 572 

from the viewer, whereas the wrinkling was not present in the original painting. 573 

The fact that, in general, certain corners of both the original work and the copy received 574 

the most fixations might indicate that the corner points of the structure of the painting (the 575 

depicted shapes and bands, which are emphasized by the literal shape) are drawing the eye 576 

more than, for example, a single (fluorescent) colored plane. On both the original painting and 577 

the printed copy, small fixation clusters appear in the middle of the yellow plane. When 578 

zooming in on the image of the original painting, it appears that these clusters are caused by 579 
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the presence of certain impastos. These impastos turned dark on the reproduction due to the 580 

shading of the structure, which apparently attracted the attention of participants. As in the case 581 

of the wrinkles in the pointed corner of the copy, they caused an increase in the number of 582 

fixations on those areas. 583 

Furthermore, in both versions, a strong distribution of the fixations over the entire 584 

surface can be noticed, with the exception of the upper part of the orange and blue planes. The 585 

latter is likely because, due to its size, the work could not be properly fixated in its most 586 

peripheral parts (or with a limitation of the eye-tracker to pick up such extremely peripheral 587 

fixations). 588 

To determine whether a particular version (i.e., the original painting with fluorescent 589 

colors or the printed copy with only conventional colors) received more fixations, a mixed-590 

design analysis of variance (ANOVA) was conducted. The means and standard deviations for 591 

the proportions of fixations (number of fixations on an area divided by the total number of 592 

fixations for the participant) were calculated for both versions as within-subject variable, and 593 

for expertise group as between-subject variable (see Fig. 6). 594 

Mixed-design ANOVA shows a main effect of painting type [F(1, 88) = 5.14, p < 0.05] 595 

and an interaction effect between painting type and expertise group [F(2, 88) = 6.14, p < 0.005]. 596 

Post-hoc Tukey pairwise comparisons indicate that only artists and art historians fixated more 597 

on the original painting than the printed copy [t(88) = 2.93, p < 0.01; t(88) = 2.42, p < 0.05, 598 

respectively], while laypersons did not significantly fixate more on a specific painting type; 599 

rather, based the averages, the trend even seems to be in the opposite direction. 600 

 601 

3.1.2. Hiraqla Variation II Painted Replica vs Printed Copy 602 

In both heatmaps, a more or less even distribution over the entire central part of the pictorial 603 

surface is apparent (from left to right; fewer fixations are noticeable at the top and bottom part). 604 
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Specifically, it seems that participants focused the most on the individual-colored bands in the 605 

central area of the painting. When comparing the heatmaps of the copy and the painted replica 606 

of Hiraqla Variation II (Fig. 7) it is noticeable that the copy received fewer fixations than the 607 

replica (see further, Subsection 3.3). In the heatmap of the painted replica, it appears that most 608 

fixations are distributed in the zones around the three central focal points in the configuration 609 

(intersections where four frame segments meet). The latter is also the case for the copy, but is 610 

less pronounced, with significantly fewer fixations in the central part of the painting. 611 

Observing the heatmap of the painted replica it appears that the areas around the central 612 

points of the cross-sections received more fixations. Furthermore, when focusing on the color 613 

type (conventional vs fluorescent), it seems that the zones on the heatmap with the most 614 

fixations coincide with colored bands that are purely fluorescent or a fluorescent hue mixed 615 

with white: the small fluorescent pink area on the left, the fluorescent orange/white of the 616 

square-shaped frame, the top part of the fluorescent orange arc, the corner of the quarter circle 617 

frame in fluorescent pink/white, and the pure fluorescent green and yellow in the right semi-618 

disk received the most attention. In addition to the fluorescent hues, the dark blue small semi-619 

circle band in the right middle part and the light blue semi-circle band in the rightmost semi-620 

disk also received a large number of fixations. The same locations as those on the painted 621 

replica also received the most fixations on the copy, although the heatmap shows somewhat 622 

lower numbers of fixations. The video footage showed that participants often went back and 623 

forth between both versions, which might indicate that participants were comparing the colored 624 

planes of both versions, although they fixated more frequently on the more intensely colored 625 

bands of the replica. 626 

Visual inspection of the proportion of fixations on the graph above (see Fig. 8) reveals 627 

that artists and art historians seem to fixate more on the original painting than laypersons do. 628 

The ANOVA confirmed these expectations by finding a main effect of painting version [F(1, 629 
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88) = 31.19, p < 0.0001] and an interaction effect between group and painting [F(2, 88) = 4.97, 630 

p = 0.009]. Post-hoc Tukey pairwise comparisons indicate that artists and art historians fixated 631 

more on the original painting than on the printed copy [t(88) = −5.534, p < 0.0001; t(88) = 632 

−3.629, p = 0.0005; respectively], whereas laypersons distributed their fixations more equally 633 

across both versions. 634 

From the comparison of the heatmaps and the fixation counts between expertise groups 635 

for Effingham I and Hiraqla Variation II, it can be concluded that in both cases, more fixations 636 

went to the painted versions, with Hiraqla Variation II generally showing the strongest 637 

difference between versions, likely due to the effect of the fluorescent colors. Moreover, in 638 

both cases, the experts focused less on the copies than the laypersons did. Laypersons 639 

distributed their fixations more equally over both versions, and in the case of Effingham I, they 640 

seemed to focus even more on the copy than on the original painting (but this may be due to 641 

some artifacts in the printing and mounting). 642 

 643 

3.1.3. Tuxedo Park Junction 644 

When compared to those of the other two works, the heatmap of Tuxedo Park Junction (1960) 645 

seems much more pattern-driven due to the monochrome black color. In this heatmap, it is 646 

particularly significant that the three central points in the pattern of the painting received the 647 

most fixations (see Fig. 9). Furthermore, the indication of three virtual (or illusory) horizontal 648 

lines caused by the alignment of the corners of the open canvas lines becomes strikingly visible 649 

on the heatmap. 650 

 651 

3.2. Preference Analysis (Interview Data) 652 

 653 
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In order to learn more about the aesthetic appreciation of works by the participants, after the 654 

eye-tracking task, they were asked to complete a questionnaire and were interviewed on their 655 

experience. First, we will discuss the overall preference of all observed works (including 656 

copies), and second, we will examine the preference differences between original painting and 657 

printed copy in both rooms. In both of these cases, any differences between the expertise groups 658 

will be specified as well. 659 

 660 

3.2.1. Preference for Specific Art Works 661 

At the end of the interview, all participants were asked about their ‘absolute’ preference among 662 

all of the works they had observed. Among all three works (considering original paintings and 663 

printed copies together as one work; see Table 1), most participants preferred Tuxedo Park 664 

Junction (41%) (Note 5), then Hiraqla Variation II (35%), with Effingham I being the least 665 

preferred (12.5%). In evaluating group differences, it appears that in the expert groups, the 666 

majority preferred Tuxedo Park Junction [artists (44%) and art historians (37.5%)]. Laypersons 667 

preferred both Tuxedo Park Junction (39%) and Hiraqla Variation II (44%), with a slightly 668 

greater preference for the latter. Furthermore, it is striking that Effingham I came out as the 669 

least preferred work in all groups (i.e., the only original fluorescent painting in the Van Abbe 670 

collection). 671 

The first reason for the strong preference for Tuxedo Park Junction may be the fact that 672 

a number of participants were already familiar with the work. When asked about their 673 

knowledge of the works, 40% of the participants indicated that they had seen Tuxedo Park 674 

Junction before, while only 20% claimed to have seen Effingham I before and only 18% had 675 

previously seen Hiraqla Variation II. Furthermore, 51% of the participants who had already 676 

seen Tuxedo Park Junction also preferred the work over the other two paintings, while no such 677 

effects were found for the other paintings. 678 
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The second reason for the stronger preference for Tuxedo Park Junction could be linked 679 

to the educational background of the participants. We found that 78% of the participants who 680 

had attended higher or university education preferred Tuxedo Park Junction, while 50% of the 681 

participants with lower educational attainment preferred Hiraqla Variation II. For Effingham 682 

I, no such effects could be found. 683 

Finally, beside bias effects, we speculate that there might be intrinsic painterly aspects 684 

that could have favored Tuxedo Park Junction, such as its simplicity, its impressive vertical 685 

size, and qualities of the paint process itself (e.g., the brushed surface and the unevenness of 686 

the stripes of bare canvas, compared to the more hard-edged lines of the other works). Because 687 

we have not explicitly asked about these in the interviews and only few people have mentioned 688 

them spontaneously, we have to conclude that all three of these factors have probably 689 

contributed to the higher preference for Tuxedo Park Junction. 690 

 691 

3.2.2. Original Painting vs Printed Copy 692 

When comparing the room visit durations (Note 7) of Effingham I with those of Hiraqla 693 

Variation II, a higher engagement with the Hiraqla Variation II versions was detected. On 694 

average, participants spent between 100 and 125 seconds in the Effingham I room and between 695 

140 and 170 seconds in the Hiraqla Variation II room. All groups spent at least half a minute 696 

longer in the Hiraqla Variation II room. 697 

After participants had filled in the questionnaire (see Subsection 2.3) for both the 698 

original painting and the printed copy (in both the Effingham I and Hiraqla Variation II rooms), 699 

they were asked which of the two versions of each work they preferred (note that none of the 700 

participants knew that they had been looking at an actual painting and a printed copy). Then, 701 

we asked if they noticed any differences between the two versions. We were curious whether 702 

participants spontaneously noticed that it was an original painting (or replica) next to a printed 703 
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copy, and we also wanted to find out whether this effect was reflected in the relative fixations 704 

per participant. 705 

Most participants preferred the original painting over the printed copy (Table 2) for 706 

both Effingham I (78.5%) and Hiraqla Variation II (75%). When comparing across expertise 707 

groups, it appeared that approximately 36% of the laypersons preferred the printed copy of 708 

both Effingham I and Hiraqla Variation II over the original painting. Among the art historians, 709 

25% preferred the copy of Hiraqla, while only 8% preferred the copy of Effingham I. The 710 

group of artists showed a stronger preference for the original painting in both cases (84% and 711 

88%, resp.). 712 

Here, it is interesting to further investigate to what extent the participants were aware 713 

that they chose between a copy and the painted (original) version. After participants had named 714 

their preference for one of the two versions, they were asked about the reason for their choice 715 

and whether they noticed differences between them. In analyzing the data, we distinguished 716 

between those who spontaneously ‘noticed copy and original,’ those who ‘mentioned a 717 

difference’ (without specifically saying that it is a copy and an original), and those who ‘did 718 

not mention a difference’ at all. 719 

Comparing between Effingham I and Hiraqla Variation II (Table 3), it appears that 53% 720 

of all participants noticed copy and (painted) original in the case of Effingham I, while in the 721 

case of Hiraqla Variation II, this fraction was significantly lower (28.5%). A comparison 722 

between expertise groups indicates that, for both works, a large number of laypersons did not 723 

mention a difference between the two versions, especially in the case of Hiraqla Variation II. 724 

In contrast, the majority of both artists and art historians either noticed that it was the original 725 

painting and a printed copy or mentioned a difference between the two versions. 726 

These findings are also in line with the heatmaps and fixation counts (see above). In 727 

both Effingham I and (most strongly) Hiraqla Variation II, fewer fixations were measured in 728 
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the copies, a difference which was largely driven by the experts (both artist and art historian 729 

groups). Some of the experts focused more on the original painting than on the printed copy, 730 

and in some cases, we found that experts barely fixated on the copy, as illustrated in the gaze 731 

plot in Fig. 10. The gaze plot of the layperson is distributed more equally, while the expert has 732 

more fixations on the original painting. This trend was also found in the interviews. The art 733 

historians had the strongest reactions against the copies, describing them as ‘worthless’ and 734 

‘ugly.’ 735 

Finally, it is also interesting to note that none of the nearly one hundred participants 736 

noticed that Hiraqla Variation II was a hand-painted replica. 737 

 738 

3.3. A Comparison Study of the Areas of Interest in the Original Painting vs Printed Copy 739 

Versions of Effingham I (1967) and Hiraqla Variation II (1968) 740 

 741 

This subsection explores areas in both paintings that were designated AOIs so that we could 742 

summarize and compare certain eye-movement behaviors that each of these areas received. We 743 

started by exploring differences in the number of fixations on both the painting and the copy 744 

and examining differences between expertise groups for both paintings. In both works, we were 745 

interested in investigating the impact of the fluorescent colors on viewing behavior. In two 746 

previous studies on the ability of fluorescent colors to capture and hold attention, fluorescent 747 

colors were shown to capture the participants’ first fixations and generate longer total fixation 748 

times than conventional colors (Schieber et al., 2006). 749 

These findings are similar to the claims made by the Dayglo Color Corporation, that fluorescent 750 

colors catch the eye faster, hold attention longer, and have a higher frequency of drawing 751 

second looks (Dayglo Corp., n.d.). We expected that, in line with these findings, the fluorescent 752 

colors in both Effingham I (Fig. 11) and Hiraqla Variation II (Fig. 15 below) would catch the 753 
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eye, hold attention longer, and receive more second looks (i.e., re-fixations) than conventional 754 

colors within the same painting. Furthermore, we were interested in whether differences could 755 

be found between the participant groups. 756 

Specifically, we hypothesized that, on average, the (purely) fluorescent-colored 757 

surfaces of the original and painted replica would receive more fixations than other surfaces 758 

(both the conventional surfaces within the original painting and the surfaces in the printed 759 

copies). Since Effingham I has only three colored surfaces, the structure is more decisive; thus, 760 

we chose to mark each colored plane as an AOI (yellow, orange, and blue; see Fig. 12). In 761 

Hiraqla Variation II, we expected more fixations in the cluster of pure fluorescent-colored 762 

bands. Therefore, all colored bands of the same color type were clustered as a group, for a total 763 

of three groups: pure fluorescent (fluo), fluorescent + white (fluo-white), and conventional 764 

(rest) color types (see Fig. 12). 765 

Since the different color areas that were set as AOIs in both the Effingham I and Hiraqla 766 

Variation II configurations (see Fig. 12) are not the same size, we had to control for the size of 767 

the AOIs. This was done by dividing the proportion of a participant’s relative number of 768 

fixations on a given surface area by the proportion of that surface area relative to the total area 769 

of all surfaces. This measure allows us to compare the proportion of fixations that surfaces 770 

receive regardless of the surface area. 771 

 772 

3.3.1. AOIs of Effingham I Original Painting vs Printed Copy 773 

A mixed-design ANOVA showed a significant main effect of group [F(2, 88) = 4.93, p < 0.01] 774 

and colored surfaces [F(2.54, 223.91) = 37.99, p < 0.0001], in addition to a significant 775 

interaction between these variables [F(5.09, 223.91) = 4.04, p = 0.001]. Post-hoc Tukey 776 

pairwise comparisons indicated that, when controlled for area size, the yellow surface in 777 

Effingham I received a significantly higher proportion of fixations than the other surfaces 778 
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within the same painting for both painting types (original and copy) (see Fig. 13). An exception 779 

is that the difference between the yellow surface and its surrounding blue surface of the original 780 

painting was absent in the groups with expertise in art (i.e., artists and art historians) (see Fig. 781 

13). In addition, the copy’s yellow and blue surfaces did not receive a different number of 782 

fixations in the art historian group. Furthermore, when comparing the proportion of fixations 783 

controlled for area size between the blue and orange surfaces in the same painting, we find that 784 

the blue surface received more fixations than the orange surface in both painting types [t(440) 785 

= 6.00, p < 0.0001; t(440) = 6.60, p < 0.0001 for copy and original, respectively]. This effect 786 

was found for all expertise groups. 787 

Although evidence was found in favor of the hypothesis that fluorescent planes receive 788 

more fixations than non-fluorescent ones in the original painting, as fluorescent yellow and 789 

blue received more attention than the conventional orange, it is not only the fluorescent aspect 790 

that caused an increase in attention. When comparing the results of both versions, no 791 

differences could be found between fluorescent blue and yellow of the original and the non-792 

fluorescent blue and yellow of the printed copy. Therefore, it can be concluded that these 793 

findings likely had more to do with color or structure (shape) differences instead of the 794 

fluorescent effect. 795 

 796 

3.3.2. Areas of Interest of Hiraqla Variation II Replicated Painting vs Printed Copy 797 

By repeated-measures ANOVA, we found a main effect of surfaces [F(5, 440) = 34.27, p < 798 

0.0001], with no interaction effect between groups and surfaces. Post-hoc Tukey pairwise 799 

comparisons indicated that, when corrected for area size, the regular fluorescent painted 800 

surfaces of the original (painted replica) Hiraqla received more fixations than all other surfaces 801 

(including the ones in the copy; all p < 0.0001; see Fig. 14). 802 
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As in the case of Effingham I, the findings were in line with our hypothesis that the 803 

fluorescent-colored zones received more fixations after controlling for area size. In contrast 804 

with Effingham I, here, the results imply a higher attractiveness of fluorescent colors [in the 805 

original (painted replica)], as they caused the most fixations of colors when comparing the fluo 806 

cluster with the other AOIs, both within and between the original (painted replica) and the 807 

printed copy, especially in the expert groups (artists and art historians). The fluorescent color 808 

cluster in the printed copy also received more fixations than the fluorescent-white group (p < 809 

0.0001), but the difference with the conventional colored group was not statistically significant 810 

(p = 0.65). 811 

 812 

3.4. Experience of the Colors (Interview Data) 813 

 814 

As indicated in Subsection 3.1, some participants (mostly laypersons) did not mention a 815 

difference between the painted original and the printed copy of both Effingham I and Hiraqla 816 

Variation II. Furthermore, more participants noticed the original painting and the printed copy 817 

for Effingham I than for Hiraqla Variation II. When asked further about the differences they 818 

noticed, most participants pointed at materiality and color differences between the original 819 

painting and the printed copy of Effingham I. In the case of Hiraqla Variation II, most of them 820 

only pointed at color differences. 821 

In order to provide a further comparison between the color appearances of both versions 822 

in both rooms, we categorized the data according to whether the participants did or did not 823 

mention the presence of ‘the strongest colors’ in the original painting or the printed copy. In 824 

some cases, the answers were not specific; thus, a third category was included. 825 

When comparing the two versions (Table 4), it appeared that most participants 826 

experienced the strongest colors in the original versions, with all participants who mentioned 827 
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a difference experiencing the strongest colors in the painted replica of Hiraqla Variation II. 828 

Some participants found the colors of the copy of Effingham I to be appealing. Here, we found 829 

that most of the participants who did not previously mention a difference between the copy and 830 

the original in Effingham I experienced the strongest colors in the copy. People who did 831 

mention a difference experienced the original Effingham I as having the most pronounced 832 

colors. 833 

When the participants were asked about the color differences between the two versions, 834 

in the case of Effingham I, those who found the copy more appealing mentioned that the blue 835 

appeared ‘darker’ or ‘stronger,’ the yellow looked ‘greener,’ and the lines in-between the 836 

colored surfaces looked ‘whiter.’ Those who found the colors of the original Effingham I more 837 

appealing mentioned that they are ‘nicer,’ ‘fuller,’ ‘deeper,’ ‘warmer,’ ‘more real,’ and ‘more 838 

alive.’ Those who found the copy more appealing described the colors of the original as 839 

‘duller,’ ‘paler,’ and ‘not very saturated.’ 840 

As mentioned above, a much more pronounced effect was found in the case of Hiraqla 841 

Variation II. All participants found the colors of the copy less appealing than the painted 842 

version and described them as ‘less attractive,’ ‘weak,’ ‘pale,’ and ‘muddy.’ In the case of the 843 

painted version, they described the colors as ‘very intense,’ ‘highly saturated,’ and ‘vibrating.’ 844 

Some used even stronger descriptions of the color effect, such as ‘eye-catching,’ ‘dominant,’ 845 

‘explosive,’ ‘aggressive,’ and ‘the first thing that comes in when entering the room’ (Fig. 15). 846 

In the case of the replica of Hiraqla Variation II (referred to as the original) (Table 5), 847 

a large number of participants (68%) mentioned the presence of more intense colors, with 26% 848 

specifically noticing ‘fluorescent’ or ‘neon’ colors. Here, they mostly mentioned fluorescent 849 

pink (the full fluorescent small semi-circular band on the left side of the painting) and orange 850 

(the full fluorescent large arc on the lower central part of the painting) as the most appealing 851 

fluorescent colors, or they pointed at the colors in the half disk on the right (which contains the 852 
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cluster of three fluorescent colors). It was striking that, in contrast, none of the participants 853 

mentioned anything about the presence of intense, bright neon or fluorescent colors in the 854 

original Effingham I painting, despite the fact that the painting does contain them (see further 855 

Subsection 3.5). 856 

The attraction of the more intense colors in the painted replica of Hiraqla Variation II 857 

was also noticeable in the relative fixation count of the AOIs. When comparing the full fluo 858 

AOIs with the fluo + white and conventional AOIs, it appeared that the fluorescent colors 859 

received relatively more focus than the others in the painting and also more than the 860 

conventional colors of the copy (see previous subsection). 861 

Participants generally did not notice the intense (fluorescent) colors in Effingham I and 862 

focused more on materiality aspects. In the case of Hiraqla Variation II, on the other hand, the 863 

appearance of the fluorescent colors emphasized the color difference between the two versions. 864 

Materiality differences were less noticed in this case. 865 

Regarding the materiality differences between the copy and the original of Effingham 866 

I, in general, the following things were noted: the surface of the copy is ‘more glossy,’ while 867 

the painting is ‘more matte,’ and the copy is ‘pixelated,’ while the painting was described as 868 

‘brushed with paint,’ which participants experienced as ‘more real.’ 869 

In the case of Tuxedo Park Junction, participants provided stronger descriptions of the 870 

tactility of the paint surface. Some described the tactile effect as ‘a relief structure,’ ‘engraved 871 

marble,’ or ‘carved wood.’ Furthermore, in this work, it was apparent that a number of 872 

participants (mostly laypersons) did not see that the lines were bare canvas. Instead, they 873 

thought that they were white lines painted on the black paint, or chalk lines drawn on top of it. 874 

In general, as expected, the experts gave more descriptions of materiality. 875 

 876 
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3.5. Main Findings from the Questionnaires and Interviews 877 

 878 

During the interview, additional questions were asked about experiences related to the 879 

materiality of the works, illusory depth, and instantaneousness. 880 

When analyzing the experiences of instantaneousness (Table 6), it appeared that most 881 

of the participants indicated that they did not experience the works instantly, except for 882 

Effingham I, which yielded 41% participants who claimed to have seen it in an instant. 883 

In the case of Tuxedo Park Junction, 59% mentioned the strong light reflection on the 884 

top part of the painting, which 39% experienced as disturbing. For some, this was the main 885 

reason why the work could not be seen instantly. In the painted replica of Hiraqla Variation II, 886 

many participants mentioned that the high complexity of the work, caused by the many colors, 887 

was the main reason for failing to catch the work in an instant. 888 

Participants were asked to fill in a color depth questionnaire about Effingham I (see 889 

previous subsection). For Tuxedo Park Junction and Hiraqla Variation II, the interviewer 890 

asked about the participant’s spatial experience when observing the works. In Tuxedo Park 891 

Junction, 25% did not experience depth, while 72% did, with 47.5% even claiming to have 892 

experienced strong depth effects, which some compared to the effect of unfolding pyramids. 893 

In viewing the painted replica of Hiraqla Variation II, 11.5% did not experience depth, while 894 

83.5% did, and 59% claimed to have experienced strong depth effects. Among those 895 

participants who experienced depth, 37% said that they had experienced depth mainly through 896 

color, while 47.5% experienced depth through both color and pattern. 897 

It was striking that 11.5% of the participants mentioned that the repelling effect of the 898 

(fluorescent) colors prevented any experience of depth, while those who experienced depth 899 

through color (or color and pattern) often mentioned the outward projection of the fluorescent 900 
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colors. The latter often mentioned the difficulty of seeing depth through the configuration (i.e., 901 

seeing overlapping circles) due to the many different colors. 902 

Participants who did not experience depth described their experiences as follows: ‘the 903 

more colors you apply, the more you can have a flat effect’; ‘there is too much going on to 904 

make it 3D’; ‘I see no depth, maybe from a greater distance the overlap becomes clearer’; ‘first 905 

you think you see globes, but the colors are breaking that experience into pieces’; ‘so many 906 

colors that pop out, because of the multitude they cancel each other out.’ Those who claimed 907 

to have experienced depth through color mainly experienced a fragmented depth effect for 908 

some of the colors, as reflected by the following statements captured during the interviews: 909 

‘some of the bright colors are protruding’; ‘some colors jump out’; ‘the frames jump out, 910 

especially those in bright colors’; ‘the brown colors cause less depth’; ‘I see depth through 911 

colors, the circular structures stand out less, after longer observation the image becomes more 912 

fragmented.’ Lastly, for participants who experienced depth through pattern (or pattern and 913 

color), they generally experienced a more structured depth, illustrated by the following 914 

statements: ‘the circles are pushing against each other’; ‘I see more depth because of 915 

overlapping circles’; ‘the circles are laying in the back’; ‘I experience the windows (frames) 916 

in front of the circles’; ‘the circles overlap with the frames in front and the fluorescent green 917 

and pink jump out.’ Almost no-one experienced depth in the copy of Hiraqla Variation II. 918 

Finally, in the case of the painted version of Hiraqla Variation II, participants were 919 

asked whether they experienced the colors as arbitrary or not. The majority experienced a 920 

systematicity in the way Stella organized the colors, which participants described as follows: 921 

‘I can see a system, a color balance is visible here’; ‘there is a color structure, which is not 922 

arbitrary, he clearly thought about this in order to create unity’; ‘I feel that there is a structure: 923 

it looks logical, it’s not a mess’; ‘the colors fit nicely together, I can see a structure’; ‘it seems 924 
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arbitrary, there are so many different colors used, which makes it feel more emotional and 925 

intuitive.’ 926 

To conclude, in the data from the scales, we found that, in general, the painted replica 927 

of Hiraqla Variation II was rated as the most interesting painting, while the printed copy of 928 

Effingham I was considered the most boring. Tuxedo Park Junction was also rated as 929 

interesting, particularly by the group of artists. These ratings are somewhat in line with the 930 

preferences for the three works (see Subsection 3.2), although the high interest in Hiraqla 931 

Variation II did not make it the most preferred work, which was Tuxedo Park Junction. In 932 

general, both copied versions were rated as less interesting than the original paintings. In terms 933 

of the level of complexity and dynamism, the painted replica of Hiraqla Variation II was 934 

perceived as the most complex (mostly due to the colors, as indicated in the first paragraph of 935 

this subsection) and the most dynamic, while the printed version of Effingham was rated as the 936 

simplest and the most static. The levels of interest, complexity, and dynamism seem to be 937 

linked. Finally, Tuxedo Park Junction was rated as the most unified work, although some of 938 

the experts found the printed copy of Hiraqla Variation II to be the most unified. Based on the 939 

previously mentioned descriptions of color depth, some fragmentation was experienced in the 940 

painted version of Hiraqla Variation II, but no such effect could be found in the data from the 941 

scales. 942 

 943 

4. Feeding Back into Art History 944 

 945 

In this last section the findings of the Tracking Frank Stella study will be summarized and 946 

viewed in light of Stella’s claims concerning the anti-illusionism of his works. 947 

 948 

4.1. All-Overness 949 
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 950 

When comparing the heatmaps of the three paintings, Tuxedo Park Junction showed the highest 951 

viewing coherence, with the most fixations located around the three central points of the 952 

pattern. Despite the all-over pattern (the stripes run edge to edge), the strong attraction to the 953 

three central points reveals that Stella’s aim for an all-over viewing experience was not reached. 954 

In contrast, this experience seems to be achieved in both Effingham I and Hiraqla Variation II, 955 

as the heatmaps for these works showed a more widespread distribution of fixations, guided by 956 

both the shapes and the colors. 957 

The fluorescent surfaces of the painted replica of Hiraqla Variation II received the most 958 

fixations (when corrected for area size) compared to the other colors in the work and all of the 959 

colors in the printed copy. From this finding, together with the fact that the fluorescent colors 960 

are distributed throughout the work, it might be hypothesized that the DayGlo colors are 961 

(partly) responsible for producing the all-over viewing experience. If this is true, then Stella 962 

succeeded in his aim to preserve the sense of all-overness through an equally distributed color 963 

intensity. 964 

 965 

4.2. Flatness 966 

 967 

With respect to (color) depth experience, in both Tuxedo Park Junction and the painted replica 968 

of Hiraqla Variation II, a large number of participants experienced depth, with the strongest 969 

depth effects being experienced in the latter. Depth in Tuxedo Park Junction was mainly 970 

created by the pattern (i.e., unfolding pyramids), while in Hiraqla Variation II, it was created 971 

mainly through color. Overall, participants experienced the least depth in Effingham I. 972 

For the painted replica of Hiraqla Variation II, both those who did and those who did 973 

not experience (strong) depth effects attributed this to the fluorescent colors. For the latter 974 
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group, the intensity of the fluorescent colors was perceived as repellent. Those who did 975 

experience depth mostly experienced the fluorescent colors as protruding. This difference in 976 

depth experience seems once again to undermine Stella’s aim for a uniform viewing 977 

experience. However, Stella’s aim for flatness seemed to be achieved for those who did not 978 

experience depth, who attributed this to the repellency of the fluorescent colors. 979 

The protruding effect of the fluorescent colors, as noticed in the painted replica of 980 

Hiraqla Variation II, corresponds to the findings of the more controlled color depth study (De 981 

Winter et al., 2018). For Effingham I, we could compare the results of the previous study with 982 

simplified stimuli (same colors but juxtaposed panels instead of complex shapes) with those of 983 

the real work in an exhibition here (Note 3). From the analysis, which is not described in this 984 

paper (see De Winter, 2020), it was striking that the fluorescent yellow and blue planes in the 985 

original painting did not generate depth effects, while they did create these effects in the stimuli 986 

of the previous more controlled study. 987 

 988 

4.3. Self-Referentiality 989 

 990 

Regarding the descriptions of the materiality, in the case of Tuxedo Park Junction, most 991 

participants experienced the strong gloss as disturbing because it caused a strong light 992 

reflection that complicated the visibility of the painting as a whole. For some, the harshness 993 

and thickness of the paint surface looked like engraved marble or wood. Not all participants 994 

recognized the open spaces in-between the paint stripes as bare canvas; some perceived them 995 

as white paint or chalk on top of the black paint layers. These findings go against Stella’s self-996 

referential logic, because the atypical visual aspects caused by the specific materiality were not 997 

recognized as such. 998 
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In the case of both Effingham I and Hiraqla Variation II, the participants compared the 999 

original painting or the painted replica with the printed copy version. Although no fluorescent 1000 

effect was mentioned for Effingham I, more differences in materiality or tactility were noticed 1001 

in this work. However, unlike for Tuxedo Park Junction, no descriptions that indicate the 1002 

presence of an atypical, synthetic materiality were given here. For the Hiraqla Variation II 1003 

pair, an opposite effect was found: more emphasis was put on the strong color differences, and 1004 

almost no differences in materiality were noted. For example, the strong color effect of the 1005 

painted replica of Hiraqla Variation II was frequently mentioned, while no-one said anything 1006 

about the transparency or tactility of the paint layers. The strong fluorescent colors seem to 1007 

overshadow the other material qualities, which would indicate that the material aspects are not 1008 

capable of counterbalancing the depth effects caused by the fluorescent colors, as Stella 1009 

intended. The fact that the fluorescent colors and the other visual aspects specific to this paint 1010 

type are not jointly experienced brings to light another dissonance that undermines Stella’s 1011 

logic of flatness through actual (fluorescent) materialities. 1012 

In the case of Effingham I, the absence of a noticeable fluorescent effect, leading to a 1013 

diminished depth experience and a higher visibility of the materiality of the work, seems to 1014 

cause the ‘flat and frontal’ experience that Stella aimed for. A comparable dissonance applies 1015 

here, although opposite to that in Hiraqla Variation II: there, the strong fluorescent effect 1016 

overshadowed the other material qualities, while here, the fluorescent effect that is needed to 1017 

generate the self-referentiality of the paint layers was absent. This is probably due to the aging 1018 

of the fluorescent paint layers. Fluorescent pigments start to degrade after only ten years, 1019 

causing a loss of fluorescent effect (De Winter, 2010). Therefore, once again, the two types of 1020 

aspects that give the paint its self-referential quality cannot be jointly satisfied. 1021 

 1022 

4.4. Instantaneousness 1023 
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 1024 

Among the three works, Effingham I was experienced as the most instantaneous. In the case of 1025 

Tuxedo Park Junction, participants found that the strong light reflection on the top part of the 1026 

painting prevented a fast capturability of the work. For the painted replica of Hiraqla Variation 1027 

II, the lack of fast capturability was attributed to the complexity of the work. Stella’s intention 1028 

to achieve instantaneousness therefore seems to be confirmed only for Effingham I, not for the 1029 

other works. 1030 

 1031 

4.5. Original Painting vs Printed Copy 1032 

 1033 

The study of the relative heatmaps along with their mean proportion fixations showed that the 1034 

(original) paintings (Effingham I and the replica of Hiraqla Variation II) received more 1035 

fixations than the printed copy. Here we found that experts tend to focus more on the original 1036 

painting, while laypeople more equally distribute their fixations on both versions. It appeared 1037 

(from the information gathered through the interviews) that a number of laypeople did not 1038 

notice that it was a printed copy next to a (original or replicated) painting. Furthermore, nobody 1039 

noticed that the painted version of Hiraqla Variation II was a replica. In general, participants 1040 

preferred the original painting above the printed copy for both Effingham I and Hiraqla 1041 

Variation II. However, a large number of laypeople preferred the printed copy of Effingham I 1042 

above the original painting because of the ‘intensity’ of the colors. The latter is striking as the 1043 

original Effingham I was painted with (much brighter) fluorescent colors. Since the reverse 1044 

effect was found for the two versions of Hiraqla Variation II (the copy was found less bright 1045 

than the freshly painted replica), this might indicate a strong degradation of the paint layers of 1046 

Effingham I due to aging. Furthermore, when participants were asked to describe the 1047 

differences between the two versions (Effingham I and Hiraqla Variation II rooms), more 1048 
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materiality differences were noticed in the case of Effingham I and more color differences in 1049 

the case of Hiraqla Variation II. This reverse effect once more indicates a difference in 1050 

appearance of the fluorescent paint layers in Effingham I due to aging. 1051 

 1052 

4.6. Expertise 1053 

 1054 

As mentioned in the introduction, according to Stella, factors like personal preference, bias, 1055 

and connoisseurship should not interfere with the viewing experience. However, we found that 1056 

differences in expertise lead to varying experiences, especially with regard to materiality and 1057 

preference. In all the paintings, laypeople mentioned fewer material qualities than experts and, 1058 

in general, they did not seem to experience the specific material qualities that Stella intended. 1059 

Also, beside the abovementioned expertise difference in terms of fixation counts (see 1060 

Subsection 4.6), laypeople were not as proficient in distinguishing the original painting from 1061 

the printed copy (for both Effingham I and Hiraqla Variation II). 1062 

Finally, the preference ratings revealed that Tuxedo Park Junction was the most 1063 

preferred work. It turned out that a large number of participants had seen the work before, 1064 

which may indicate a mere exposure bias or familiarity effect. The painted replica of Hiraqla 1065 

Variation II received a preference rating that was only slightly inferior to that of Tuxedo Park 1066 

Junction, while Effingham I was the least appreciated work. Here, education was a determining 1067 

factor: people with higher education generally preferred Tuxedo Park Junction, while Hiraqla 1068 

Variation II was preferred by those who had not gone through higher education. 1069 

In general, it must be concluded that Stella’s intended uniformity of experience has not 1070 

been achieved. Moreover, a number of dissonant findings were obtained, particularly in the 1071 

fluorescent works, which reveal an internal tension between factors that were intended to 1072 

jointly instantiate Stella’s logic. Whether these dissonances and lack of uniformity can be 1073 
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extrapolated to the rest of Stella’s work of the sixties remains to be seen and will hopefully be 1074 

the subject of future work. 1075 

 1076 

4.7. Discussion and Conclusion 1077 

 1078 

The methodology applied in this research consists of an empirical approach to some art-1079 

historical questions related to Frank Stella’s fluorescent works of the 1960s, in which some 1080 

perception claims about these paintings were isolated and subjected to an depth investigation. 1081 

The tested claims, which were made by the artist and art critics, were presented as being 1082 

universal, in the sense that they should obtain for any viewer who is confronted with a work to 1083 

which a claim is applicable. This appeal to universality is problematic: the claims attributed to 1084 

Stella’s work have been shown not to be applicable to all subjects. Moreover, they overlook 1085 

some of the complexities involved in the viewing experience of works of art, particularly those 1086 

containing fluorescent colors. 1087 

Note that this approach also has its difficulties. Firstly, the main difficulty is to 1088 

adequately isolate and translate claims from one domain of discourse to another (namely from 1089 

art theory to vision science), and to consequently operationalize them into questions that can 1090 

be tested adequately. Beside the ‘reduction’ that stems from this translation, by isolating and 1091 

operationalizing claims, they are removed from the original context in which the artist/art 1092 

theorist uttered them, and therefore artificially detached from a complex of presuppositions, 1093 

background experiences, art-historical knowledge, etc. 1094 

Secondly, some comments can be made regarding the design of the study: only three 1095 

works have been tested (of which one is a replica), each one selected from a larger series. In 1096 

order to draw firm conclusions about Stella’s Modernist logic, the study would have to be 1097 

repeated with other works of the same series. Also, the rooms where the works (and printed 1098 

copies) were presented were rather small. Ideally, such studies should be conducted in larger 1099 
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rooms to provide a viewing experience that matches the conditions in which the works were 1100 

originally shown. 1101 

Finally, we found that the condition of the works has a great impact on the outcome of 1102 

the study. Because of the degradation of the fluorescent colors in Effingham I due to aging, we 1103 

had to conclude that the original effect is no longer measurable. As a result, Effingham I has 1104 

been disqualified, because the transformed work can no longer meet Stella’s original intentions. 1105 

The latter finding calls for further investigation and it should be ascertained to what extent 1106 

Stella’s other fluorescent works have aged in a similar way. In the case of Effingham I, 1107 

alternative ways of conservation should be considered, such as accurately describing the 1108 

original visual effects and showing a replica with fresh paint. 1109 

Overall, the main lesson that can be drawn from this study is that one should be cautious 1110 

when being confronted with subjective claims that may be based more on normative theories 1111 

than on first-person phenomenology by trained observers who look at the actual art works 1112 

instead of reproductions. It can serve as an eye-opener for future art historians and -researchers: 1113 

the study indicates a need for greater caution with art-historical claims like the ones at issue 1114 

here. 1115 
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 1130 

Notes 1131 

1. The replica was made slightly smaller than the original to avoid copyright infringement. 1132 

2. In this paper (especially in Section 3. Results), there will be frequent mention of 1133 

differences between the ‘original (painting)’ and ‘(printed) copy’ for Effingham I and 1134 

Hiraqla Variation II. For the former, ‘original’ refers to the Effingham I (1967) painting, 1135 

and for the latter, ‘original’ refers to the hand-painted replica of Hiraqla Variation II. 1136 

3. We are aware that the normal size of reproductions of the works that people see in books 1137 

or on Google Images is much smaller than the original painting. 1138 

4. The color depth rating analysis of Effingham I, which is a follow-up study on De Winter 1139 

et al. (2018), is not included in this paper; it will be published in a separate publication. 1140 

5. All percentages are rounded to one decimal place. 1141 

6. N/A represents the number of missing values in the data (participants without ET data). 1142 

7. We decided not to compare these visit durations with those of Tuxedo Park Junction 1143 

because this work was shown on its own, without a printed version next to it. 1144 
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 1202 

Figure 1. View of the Tracking Frank Stella exhibition in the Van Abbemuseum. Source: Photograph by De 1203 

Winter. Art © Frank Stella (© SABAM Belgium 2022). 1204 

 1205 
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 1206 

Figure 2. (a) All bands that contain pure fluorescent colors. (b) All bands that contain fluorescent colors mixed 1207 

with white. (c) All bands that contain fluorescent colors mixed with a conventional hue. (d) Image of the right 1208 

half-circle part of Hiraqla photographed with museum light. Source: Photographs by De Winter. Art © Frank 1209 

Stella (© SABAM Belgium 2022). 1210 

 1211 
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 1212 

Figure 3. (Left) Detail of printed version of Effingham I (1967). (Right) Detail of the original painting of 1213 

Effingham I (1967). Source: Photographs by De Winter.  1214 

 1215 

 1216 

Figure 4. (Left) Floor plan of the setup/exhibition with all stimuli (p = painting, c= printed copy). (Right) Image 1217 

of a participant entering the room where Tuxedo Park Junction was displayed during the experiment. Source: 1218 

Photograph by De Winter. Art © Frank Stella (© SABAM Belgium 2022). 1219 

 1220 
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 1221 

Figure 5. (Top left) Printed copy. (Top right) Original painting of Effingham I. (Below) Relative heatmaps of all 1222 

participants. (Bottom left) Printed copy. (Bottom right) Original painting of Effingham I. Source: Photographs by 1223 

De Winter. Art © Frank Stella (© SABAM Belgium 2022). 1224 

 1225 

Figure 6. Mean proportion of fixations per painting type for each expertise group. Error bars are ±2SE. 1226 

 1227 
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 1228 

Figure 7. (Top left) Copy. (Top right) Painted replica of Hiraqla Variation II (1968). (Below) Relative 1229 

heatmaps of all participants. (Bottom left) Copy. (Bottom right) Painted replica of Hiraqla Variation II (1968). 1230 

Source: Photographs by De Winter. Art © Frank Stella (© SABAM Belgium 2022). 1231 

 1232 

Figure 8. Mean proportion of fixations per painting type for each expertise group. Error bars are ±2SE. 1233 
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 1234 

Figure 9. (Left) Tuxedo Park Junction (1960). (Right) Heatmap of all participants for Tuxedo Park Junction 1235 

(1960). Source: Photographs by De Winter. Art © Frank Stella (© SABAM Belgium 2022). 1236 

 1237 

 1238 

Figure 10. (Top) Gaze plot of a layperson observing the painted replica (right) and the printed copy (left) of 1239 

Hiraqla Variation II. (Bottom) Gaze plot of an art historian observing the copy (left) and the replica (right) of 1240 

Hiraqla Variation II. Source: Photographs by De Winter. Art © Frank Stella (© SABAM Belgium 2022). 1241 

 1242 
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 1243 

Figure 11. Image of the original painting (right) and printed copy (left) of Effingham I under dimmed UV light. 1244 

Source: Photograph by De Winter. Art © Frank Stella (© SABAM Belgium 2022). 1245 

 1246 

 1247 

Figure 12. (Left) Areas of interest (AOIs) of Effingham I, with each color being one AOI: yellow (dark gray), 1248 

blue (white), and orange (light gray). (Right) AOIs of Hiraqla Variation II (stripes = fluorescent, dots = 1249 

fluorescent-white, white = rest). 1250 
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 1251 

 1252 

Figure 13. Mean proportions of participants’ fixations over proportions of area size for all colored planes by 1253 

group. Error bars are ±2SE. 1254 

 1255 

 1256 

Figure 14. Bar plot of mean proportions of participants’ fixations over proportions of area size for all fluo/fluo-1257 

white and rest planes, by group. Error bars are ±2SE. 1258 

 1259 
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 1260 

Figure 15. Image of the painted replica (right) and printed copy (left) of Hiraqla Variation II in dimmed UV 1261 

light. Source: Photograph by De Winter. Art © Frank Stella (© SABAM Belgium 2022).   1262 
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Table 1. 1263 

Numbers of participants (total and by groups) preferring each painting. 1264 

 Total 

(n = 103) 

Laypersons 

(n = 36) 

Artists 

(n = 43) 

Art historians 

(n = 24) 

N/A (Note 6) 12  4  3 5 

Effingham I 13 2 7 4 

Tuxedo Park Junction 42 14 19 9 

Hiraqla Variation II 36 16 14 6 

 1265 

 1266 

Table 2. 1267 

Number of participants (total and by groups) preferring actual painting or printed copy (for both Effingham I and 1268 

Hiraqla Variation II). 1269 

Effingham I  Total 

(n = 103) 

Laypersons 

(n = 36) 

Artists 

(n = 43) 

Art historians 

(n = 24) 

N/A(Note 6)  2 1 0 1 

 Copy  20 13 5 2 

 Original  81 22 38 21 

 1270 

Hiraqla 

Variation II 

 Total 

(n = 103) 

Laypersons 

(n = 36) 

Artists 

(n = 43) 

Art historians 

(n = 24) 

N/A(Note 6)  1 0 1 0 

 Copy  25 13 6 6 

 Original  77 23 36 18 

 1271 

 1272 

Table 3. 1273 

Number of participants (total and by groups) who noticed a difference between copy and original. 1274 

Effingham I Total 

(n = 103) 

Laypersons 

(n = 36) 

Artists 

(n = 43) 

Art historians 

(n = 24) 
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N/A (Note 6) 0 0 0 0 

Did not mention a difference 27 16 9 2 

Mentioned a difference  22 6 7 9 

Noticed ‘copy’ and ‘original’ 54 14 27 13 

 1275 

Hiraqla Variation II Total 

(n = 103) 

Laypersons 

(n = 36) 

Artists 

(n = 43) 

Art historians 

(n = 24) 

N/A (Note 6) 1 1 0 0 

Did not mention a difference 33 21 8 4 

Mentioned a difference  40 7 20 13 

Noticed ‘copy’ and ‘original’ 29 7 15 7 

 1276 

 1277 

Table 4. 1278 

Number of participants (n = 103) who mentioned, did not mention, or not specifically mentioned the ‘strongest 1279 

colors’ in the original painting or in a printed copy of Effingham I and Hiraqla Variation II. 1280 

Frequency No mention Unspecific mention Mention 

Copy Effingham I 17 4 8 

Original Effingham I 7 15 41 

 1281 

Frequency No mention Unspecific mention Mention 

Copy Hiraqla Variation II 0 0 0 

Original Hiraqla Variation II 33 40 29 

 1282 

 1283 

Table 5. 1284 

Number of participants (n = 103) who mentioned the presence of ‘fluorescent’ (‘fluo’) or ‘neon’ colors, ‘bright’ 1285 

or ‘intense’ colors, or neither. 1286 

Frequency  Mentioned ‘fluo’ or ‘neon’ 

colors 

Mentioned ‘bright’ or ‘intense’ 

colors 

No 

mention 
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Copy Hiraqla Variation II 0 0 0 

Original Hiraqla 

Variation II 

27 43 32 

 1287 

 1288 

Table 6. 1289 

Number of participants (n = 103) who experienced the paintings (Tuxedo Park Junction, Effingham I, and Hiraqla 1290 

Variation II) ‘instantly’ or ‘not instantly’. 1291 

Frequency Not seen instantly Seen instantly N/A (Note 6) 

Tuxedo Park Junction 51 26 26 

Effingham I (original) 54 42 7 

Hiraqla Variation II (original) 73 8 22 

 1292 

 1293 
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