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1 Introduction 

To the optimist the glass is half full, to the pessimist the glass is half empty… and 

to the designer the glass is twice as big as it needs to be! 

The well-known adage of the optimist and pessimist belies an underlying truth 

regarding our interpretation of the objects around us – much depends on perception. Its 

jocular extension, while poking fun at the at times overly pedantic designers, also points 

to the power we have to define and control the parameters which can lead to such 

(mis)perceptions. This paper explores these matters in a literal way by exploring the 

geometric forms and subsequent perceptions of drinking receptacles, in this case plastic 

water bottles, in order to support creative and innovative form-finding.  

Drinking receptacles are highly ubiquitous, highly functional products that are 

amongst the first objects fashioned in human development. They have evolved as 

integral objects to cultural and ritualistic events, ranging from religious chalices to 

sports trophies. These are typically highly ornate, stylised and seldom used for drinking. 

At the other end of the spectrum, the plastic bottle is an artefact that is widely available 

and largely taken for granted by users. They do, however, come in a plethora of shapes 

and sizes, with factors such as size, shape, labelling and content influencing consumer 

appeal (Kelley et al., 2015). If we disregard the branding and contents, the similarities 

and differences of the bottles themselves can be considered ‘mini-sculptures’ that allow 

designers to convey a range of values, meanings and emotions through their geometric 

embodiment. Delivering these relies on a high degree of understanding and appreciation 

of aesthetic principles and how the user ‘reads’ a particular design. 

The bottle is a particularly interesting object to consider given that it is typically 

viewed in a 2D profile on the supermarket shelf or online catalogue, yet exists as a 3D 
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object. This dichotomy has led us to focus on the use and adaptation of optical illusions. 

These are generally generated and used in 2D settings and play on our tendency to 

misinterpret particular combinations of line, shape and curvature. We wished to 

understand whether the principles behind these could be relevant in a product context. 

The specific route to examining their properties has been to evaluate the perception of 

water volumes within the bottles, and to reflect on the geometrical factors that influence 

how people view and judge the volume of water contained therein. While the findings 

are therefore focussed on volume, the properties and principles demonstrated have the 

potential to be discretised and characterised for a broader range of afforances through 

design process.  

Optical illusions are a potentially rich visual source for designers. They have 

sparked intrigue and entertainment since at least the 18th century, with hundreds 

documented and named (Coren & Girgus, 1978). There are two principal categories of 

illusion: physiological and distorting illusions. Physiological illusions cause an 

imbalance in our visual perception, causing an image or pattern to seemingly appear or 

move – such as dots appearing in a Herman Grid illusion. Distorting illusions seemingly 

alter the size, length or position of geometry in an image or shape – such as the 

inclining line of the Café Wall illusion. In a design context, these characteristics have 

historically been used by architects to ensure proportions seem ‘correct’ and by graphic 

designers to manipulate or entertain the viewer. For product designers, too, these 

phenomena can potentially be harnessed for positive affective user experiences: to guide 

the user’s eye in a particular direction, to make a product seem taller or more slender 

than it actually is, to accentuate or highlight a contour, or to increase contrast between 

different areas of a product. Modern CAD packages and computing power provide the 

designer with greater scope and freedom to create complex and expressive geometric 
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form (Noble et al., 2009). There is also a constant demand for new designs, tailored to 

market segments to increase their memorability (King-Gordon, 2005). The plethora of 

illusions available can therefore provide inspiration and principles for new shapes and 

features. Furthermore, many geometric illusions are at play even if this was not part of 

the original design intent, and it is therefore prudent to develop an awareness of their 

main principles as part of fundamental aesthetic awareness. 

This paper therefore explores the importance of perception in product design. To 

understand how this these variances between actual form and user perception can occur, 

we have sought to connect the principles of established 2D illusions and examined how 

these translate and affect the viewer in 3D contexts. The main means of investigation is 

through an assessment of drinking receptacles, and how water levels are perceived in 

relation to the volume contained within these. In summary, the aim of this research is to 

ascertain the effects of geometric form on perceptions of volume, and the following 

objectives are addressed:  

 to review literature in optical illusions, and in particular how 3D illusions 

can be utilised in product contexts 

 to scope the typical features employed in water bottle design, and 

identify metrics for detailed assessment 

 to conduct a study for a sub-set of bottles with varying water levels to 

assess perceptions 

 to discuss in detail the relevant features and embodiment details that may 

influence volume perception 

 to set out the importance of illusions, intended or accidental, in user 

perception and set out means by which they could be incorporated into 

the creative form-finding process 
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The paper is organised as follows. In section 2 we introduce the topic of 

perception, and the different types of illusion that are relevant to this context. In section 

3 the experimental set-up is described. In section 4, we report the results regarding 

perception of volume in the five bottles tested. Section 5 contains a discussion that 

highlights the main observations of bottle geometry in relation to volume perceptions, 

and the possible role of optical illusions concerning these. Finally, section 6 provides 

conclusions and reflections on the implications of the findings.  

2 Perception and the characteristics of illusions 

Perception is a human internal state, and a consequence of an individual’s interactions 

with his or her environment (Day, 1969). It is an active process, involving attention, 

focusing and exploration (Arnheim, 1997). There is evidence that the brain makes 

assumptions on the information received based on recognizable patterns (Meggs, 1992), 

and thus the examination of visual illusions allows us to explore the processes whereby 

these assumptions are formed (Wade and Swanston, 2013; Gregory, 1997; Bach, 2006; 

Ehm and Wackermann, 2012). While it is beyond the scope of this research to address 

the cognitive functions that underpin these phenomena, the fact that our perceptions can 

be distorted at such a fundamental level raises significant questions for the creative 

process. If we wish to achieve a particular aesthetic effect, should we be designing the 

actual form or the perceived form? Does the designer’s perception change based on 

experience and understanding of form construction? And is the generation of new forms 

affected by a heightened awareness of such distortions?  

By focussing on existing manifestations of such illusions, we hope to provide a 

basis for further examination of these issues. In order to do so, it is desirable to have a 

working classification of illusions. However, there is no clear consensus in the literature 
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on how to do so. One of the earliest distinctions drawn is between illusions of extent and 

direction (Boring, 1942) but even then it was noted there existed “more theories than 

classes”. Gregory (1997) proposed four different types of illusions: distortion, fiction, 

ambiguities and paradoxes, while Bach (2006) suggested six to accommodate the 

greater diversity of illusions that have emerged over time, including geometrical and 

angular, luminance and contrast, cognitive and Gestalt, space and size constancy, 

colour, and motion and time. Hamburger (2016) argued that these classifications are 

still limited to simply their physical attributes, instead proposing that more work should 

be done to classify illusions according to their effects on neural processes. To this end, 

three distinct categories are suggested based on cognitive behavioural and imaging 

studies: motion, geometric, and contour illusions. The broad generalisation of these may 

seem a backwards step, but its use of modern psychological theories and measurement 

technologies moves the field forward in determining the underlying cause of visual 

illusions. For the purposes of this research, focus centres on the one category of illusion 

that has been relatively consistent through these different classifications and 

interpretations: geometric optical illusions. Within this sub-category, we have identified 

three particular properties that cover the majority of simple illusions: length, shape and 

proportion, and curvature. These three geometric illusion types are illustrated and 

described using a range of prominent illusions as shown in Figure 1, and discussed in 

detail below.  
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Figure 1. Examples of illusions in relation to length (a, b, c), shape and proportion (d, e, 

f) and curvature (g, h, i). 

2.1 Line length  

The left inverted T shape in Figure 1(a) consists of two lines of identical size which are 

set in the vertical and horizontal orientations. Most people usually perceive the vertical 

line as longer than the horizontal line from this configuration. Tolansky (1964) 

explained this is due to the horizontal line being cut in half by the vertical line, leading 

to people losing a sense of the full extension of the line. Mikellidou & Thompson 

(2013) proposed that the bisection illusion leads to perceiving the horizontal line as 

shorter than the vertical line by around 16%. The right inverted T shows two lines that 

look equal but, in fact, the vertical line is shorter than the horizontal line thereby 

‘correcting’ the illusion. The direction and angle of lines can influence an eye’s 

movements as shown in Figure 1(b). This illusion occurs when a spatial extent is 

bounded by convex or concave contour outward (Luckiesh, 1965; Robinson, 1972). The 
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three equal horizontal lines seem to be different in length due to increasing the 

divergent angle drawn at the end of the line. The upper line with a smaller angle from 

the horizontal line appears longest among three lines while the bottom line, which is the 

right angle, looks shortest. Similarly, the Ponzo Illusion in Figure 1(c) shows two 

identical lines enclosed by converging lines. This illusion leads to the line nearer the 

apex of the angle or the ‘vanishing point’ of the lines seeming enlarged (Robinson, 

1972). 

2.2 Shape and proportion  

Ebbinghaus’s Illusion shows a size-contrast effect. The central circles in Figure 1(d) are 

equal but seem different in size. The one surrounded by the bigger circles appears 

smaller than the other bounded by smaller circles (Luckiesh, 1965). The Full and Empty 

Space illusion shown in Figure 1(e) is an example of the Delboeuf illusion, a linear 

contrast effect applied to a rectangular shape (Robinson, 1972). Although the inner 

square of the left picture is the same size as the outer square of the picture on the right, 

the two shapes appear unequal when one shape is filled in while another shape is empty. 

The empty square seems perceptibly larger than the filled square (Tolansky, 1964). The 

Height Estimation Illusion is shown in Figure 1(f) through a triangle with a dot located 

at the mid-point of the triangle’s height (Seckel, 2003). This illusion makes the dot 

appear more than halfway up the height of the triangle when in fact it is not. The 

Golden Section, though not an illusion, is also an important consideration in terms of 

object proportion (Avramović et al., 2013). Based on the Fibonacci Sequence, forms 

that utilise its ratio of 1.618 are found widely in nature and been detected in architecture 

throughout the ages. It is commonly regarded to be a ‘pleasing’ proportion to the eye.   
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2.3 Curvature  

The cafe wall illusion shown in Figure 1(g) presents a distortion of the parallel lines in a 

chessboard-like form. It can be called a row-convergence illusion, which is caused by 

the border-locking, irradiation and brightness induction principle (McCourt, 1983). 

Lines between rows appear tilted even though they are actually parallel to one another. 

Hering’s (or Zollner’s) Illusion shown in Figure 1(h) consists of long parallel straight-

line pairs that seem to look curved or bend in and bend out when they are surrounded by 

the knock-knee and bow-legged fashion, respectively (Tolansky, 1964). The influence 

of contrast leads to the illusion shown Figure 1(i) in which the hatched lines distort the 

straight line of the square by leading the eye in their direction (Robinson, 1972). 

2.4 Application of illusions  

While optical illusions are well established in terms of 2D representation, their use in 

3D objects and product design more widely is less explored. However, an area that has 

attracted some attention is the consumption of food and drink. This is a domain where 

perception is bound up with physical desire, and particularly in the context of social 

consumption of status and aesthetics. For example, in a study where participants were 

asked to pour a specific amount of beverage into two types of glasses, it was found that 

a short and wide glass received more volume than a tall and slender one, resulting from 

the horizontal-vertical illusion (Chen & Shi, 2017). Similarly, Wansink et al. (2006) 

found that the a size-contrast illusion affects people when consuming ice cream: by 

varying the size of a bowl and spoon for participants, it was found participants who 

received a bigger bowl tended to underestimate the served ice cream portion and finally 

ended with over-consumption. A similar experiment conducted by McClain et al (2014) 

attested that visual illusion used in plate design has an effect on the size perception of a 
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meal portion and the food consumption. And Wansink and Cheney (2005) highlight that 

even when people have awareness, knowledge or education, they cannot recognize these 

biases from visual cues. While there has been a recognition of the importance of 

perception (in particular size) in relation to consumption, there has been no work that 

explicitly links illusions to the design and geometric detailing of products. This work 

therefore expands this highly promising field by systematically exploring the design 

features and configurations of bottle designs that may affect user volume perception, 

and from this discusses how these can be employed more widely in design.  

3 Materials and methods 

This section describes the approach to data collection. Section 3.1 sets out the range of 

bottles that have been initially assessed to develop an understanding of bottle geometry, 

and how a sub-set of bottles have been identified for detailed review. Section 3.2 then 

goes on to outline the experimental set-up used to conduct this review with participants.  

3.1 Bottle set, anatomy and classification 

It was decided to focus exclusively on 500ml receptacles, as one of the most ubiquitous 

and practical volumes available. A range of 24 bottles were acquired for consideration, 

as shown in Appendix 1. They contained a variety of juices and waters, but all labelling 

was removed and water used in all subsequent volume perception tests. This ensured 

consistency and kept participant focus entirely on the bottle’s geometric form. As this 

study was concerned only with the form and detail of the bottle body, the cap 

characteristics were not considered.  

Each bottle was measured and profiled according to a generic set of anatomical features, 

such as width, base profile, shoulder angle and so on, as shown on the left of Figure 2. 
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These dimensions were derived by the authors after considering the prominent and 

differentiating aspects across the range. They were then used to help classify them, as 

shown on the right of Figure 2.  

 

Figure 2. Bottle anatomy and classification of bottle set, with those selected for use in 

experiment highlighted in bold.  

For the planned experimental analysis, which required detailed consideration of the 

bottles by participants, it was not feasible for all 24 bottles to be used. Those chosen for 

the experiment (highlighted in bold) span these classifications and are representative of 

what were deemed to be the most visually arresting characteristics of the bottles. This 

includes whether the surface was smooth or notched, whether the base was cylindrical 

or square, and whether the walls were bowed or straight. Given that a significant 

number of bottles fell into the notched/cylindrical/curved middle category, this was 

further demarcated using height with one smaller and one taller bottle selected for use. 

The final selection included bottles #3, 5, 10, 18 and 24, representing archetypes from 
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across the different categories. These were given the designations of D, B, E, C and A 

in the subsequent experimentation. Their characteristics are described in more detail in 

Table 1, and they can be viewed in Figure 3 below.  

Table 1. Bottle characteristics and aesthetic properties.  

Bottle number 24 5 18 3 10 

Assignation A B C D E 

Brand Tropicana Rubicon Spring Ice Tea Peach Tea Fanta 

Height 21.70 22.90 21.80 20.80 22.80 

Maximum width 6.20 5.95 6.70 6.90 6.50 

Elongation 3.50 3.85 3.25 3.01 3.51 

Waist 5.40 - 5.50 5.6 4.5 (lower part) 

Shoulder angle 40° 45° 53° 32° 21° 

Cap width 2.48 2.48 2.48 2.80 2.48 

Base profile Square with 

chamfered 

corners, flat 

Round, with x5 

shallow heel 

indentations 

Round, with x8 

shallow  heel 

indentations 

Round, with x7 

shallow heel 

indentations 

Round, with x5 

deep heel 

indentations 

Wall profile Gently bowed 

from shoulder 

to heel, 

Slightly 

curved at 

middle (waist) 

and sharp 

angle at top of 

shoulder 

Straight walls 

with soft, flat 

shoulder 

Bowed 

slightly from 

heel to 

shoulder, with 

straight top 

portion and 

flat, 

moderately 

sharp 

shoulder 

Significant 

bow to 

shoulder, 

large radius 

joining 

shoulder to 

neck 

Lower portion 

deeply bowed, 

straight 

middle 

portion, tall 

straight 

transition 

from shoulder 

to neck 

Surface detail Vertical ridged 

paneling 

through main 

body with 

vertical arrow, 

horizontal lines 

at shoulder  

None Vertical spiral 

lines in middle 

portion, 

horizontal 

banding in 

upper portion 

None Twisting lines 

in lower 

portion, 

horizontal 

banding in 

middle portion 

Surface texture None None None Rough textured 

upper portion 

with circle 

pattern 

Dot pattern on 

lower portion 

Surface texture None None None Rough texture 

with circle 

pattern on 

upper portion  

Dot pattern on 

lower portion 

 

3.2 Experimental set-up 

The experiment consisted of three tests relating to volume perception. The bottles were 

presented to each participant as a set, filled with water to a particular height from the 

base. In each test participants were asked: “which bottles do you perceive to hold the 
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most water?” with 90 seconds allocated to view each set before ranking the bottles’ 

water volume in descending order (Figure 3). This mimicked different practical usage 

scenarios, as well as focussing attention on different areas of the bottle.  

 Test 1: the bottles were filled to capacity. Even though all bottles were sold with 

500ml of content, when filled to the top of the cap line there were variations in 

volume from 547-542ml. This question therefore allowed the overall evaluation 

of the shape volume perception. 

 Test 2: the bottles were filled to a height of 9cm from the base, with a variation 

in bottle volumes from 272-230ml. This allowed evaluation of the lower portion 

of the bottle, with particular emphasis on the base profile and features. 

 Test 3: The bottles were filled to a height of 16.5cm from the base, with a 

variation in volume across the set of 500-440ml. This allowed evaluation of the 

middle and upper portion of the bottle, with particular emphasis on the shoulder 

and waist. 

After the experimental tests were complete, participants were asked to discuss their 

preferences in relation to the bottles, and this qualitative feedback was gathered to 

support discussion and interpretation of the results.  
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Figure 3. Five bottles used in the experiment, with conditions for the three tests 

regarding perception of volume. 

48 participants were involved in the experiment, comprising 21 males and 27 females, 

and were drawn from 18 different nationalities with an average age of 26. The 

experimental set-up was consistent for all participants, and consisted of a visually 

unobtrusive meeting room environment with the researcher and participant configured 

as shown in Figure 4. 

 

Figure 4. Experimental set-up. 
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4 Results 

Participants provided rankings for the five bottles in each of the three tests (Table 2). 

The results were converted using the frequency in each rank to derive a score for each 

bottle. To achieve this, the frequency of answer in each rank was multiplied from 5 to 1 

(i.e. 5 x number in 1st rank, 4 x number in 2nd rank, 3 x number in 3rd rank etc.). The 

resulting scores are shown in column 8 (Score), with higher values showing a higher 

rating for a particular bottle.  

Table 2. Participant ranking and scoring for all bottles in the three experimental tests. 

Test Bottle 
Ranking 

Score 
1st 2n 3r 4th 5th 

1 

(capacity) 

A 5 16 10 14 3 150 

B 14 7 6 11 10 148 

C 19 15 12 2 0 195 

D 5 8 9 10 16 120 

E 5 2 11 11 19 107 

2  

(9cm) 

A 22 17 6 3 0 202 

B 2 6 6 22 12 108 

C 7 8 23 9 1 155 

D 16 17 11 4 0 189 

E 1 0 2 10 35 66 

3 

(16.5cm) 

A 12 12 18 5 1 173 

B 2 3 3 19 21 90 

C 19 17 10 2 0 197 

D 14 15 11 5 3 176 

E 1 1 6 17 23 84 

 

Consequently, the percentage scores for each question are displayed in Figure 5, along 

with the correct ranking order and findings of principal interest.  

In test 1, participants correctly perceived that bottle C, with a score of 195, 

contained the greatest volume of water when filled to capacity. This was despite the fact 

it was neither the tallest nor the widest bottle in the set. The biggest discrepancies were 

with bottles A and D: bottle A was the 4th most capacious but perceived as 2nd with a 

score of 150, and vice versa bottle D was 2nd most capacious bottle but perceived as 4th 
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with a score of 120. Bottle D was the shortest of the five, but also the widest and with 

significant wall curvature. 

In test 2, when the bottles were filled to 9cm, participants were able to correctly 

rank all of the bottles by volume. There was also the largest difference in score from the 

highest rated bottle A (202) to the lowest rated bottle E (66).  

In test 3, with the bottles filled to the higher level of 16.5cm, participants 

identified bottle C, with a score of 197, as holding the most water when this was in fact 

only 3rd when measured by volume. While the relative capacities of bottles A and D 

were correctly identified, bottle B (score 90) was incorrectly perceived as holding more 

than bottle E (score 84).  

 

Figure 5. Bottle volume perception scores, along with correct ranking sequences and 

findings of principal interest. 

5 Discussion 

Using the results of the study, the bottle properties were investigated to gain further 

insights on their design. These are set out below and have been grouped by overall 

composition based on bottles filled to capacity, perception of volume at the two 
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intermediate fill levels, emotional response, considerations for use of findings, and 

limitations of the study.  

5.1 Overall bottle composition 

In test 1, when the bottles were filled to capacity, participants overestimated the water 

volume of bottle A and underestimated bottle D. To explain this, we can consider the 

bisection illusion, where the horizontal dimension is consistently underestimated 

(Figure 6). If participants were influenced by height, this would explain bottle A being 

regarded as more voluminous when in fact bottle D held more water. This correlates 

with previous studies regarding tall vs. short glasses (Raghubir & Krishna, 1999; 

Spence & Wan, 2015). The optical effect is emphasised by bottle A’s design detailing: 

it employs a subtly embossed arrow pointing vertically down the centre of a panel on 

each side. Although moderated to an extent by being contained within the panel, this 

does encourage the eye to take in the vertical proportions of the bottle. These are further 

echoed by the straight lines of the chamfered corners. Although bottle D was the 

shortest of the set, it was also the widest. Its significant wall curvature and round form 

may, however, have reduced perception of this width and further contributed to its 

underestimation in volume.  
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Figure 6. Tall bottle vs. a short bottle and the bisection illusion.  

Although more a phenomenon than an illusion, it is interesting to note that the 

proportions of bottles with distinctive horizontal markers appear to closely follow the 

golden section (Figure 7).  This suggests that if a ratio of 1.618 is present a shape will 

be particularly pleasing. The proportion is calculated from the whole length of the shape 

(a+b) being divided by the long part height (a), which should be equal to the length of 

the long part (a) divided by the short section length (b). The spiral pattern of bottle C 

and the concave shape of bottle D both form the dominant lower part of their designs, 

with contrasting upper sections. Bottle E has the dominant part assigned to the upper, 

with the twisted section forming the lower. The mixed reaction to bottle E may be 

associated with the fact that it seems more intuitive to have the larger, more dominant 

portion of the geometry assigned to the lower part of the bottle, acting as a base or 

anchor for the rest of the design.   
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Figure 7. Bottle proportions in relation to the golden section.  

5.2 Perception of volume 

In focussing on the perceptions of volume at the different fill levels, the geometry and 

detail at these specific areas of the bottle become more critical.   

With the eye focussed on the lower areas of the bottle in test 2, the participants 

were able to accurately perceive the water volumes and had the clearest separation in 

ranking. Given the water line was in the bottom half of all of the bottles, there was less 

geometry to mask or distort perceptions. It can, however, be considered somewhat 

surprising that the variation in heel protrusions of bottles B, D and E, did not affect 

participants’ ability to gauge this accurately.  

With the eye focussed on the upper areas of the bottle in test 3, there was the 

greatest deviation from the correct rankings – participants consistently overestimated 

bottle C’s volume. Given that this was correctly identified as the most capacious bottle 

(in test 1), and placed correctly relative to the other bottles for the lower water level 
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(test 2), it suggests that the upper portion of the bottle geometry affected participants’ 

perception.  

A factor in this may be shoulder design (Figure 8). Bottle C has the greatest 

shoulder angle of the set. The angle illusion dictates that the cap width would seem 

wider in bottle C due to the flatter angle of the shoulder. Whereas in bottles A and D, 

where the shoulder angles are considerably sharper, the width between them seems to 

shrink to the eye and hence decreases the volume estimation.  

 

Figure 8. Wider vs. narrower bottle shoulder angle and the illusion aspect. 

Although bottle B contained the lowest water volume, participants instead perceived 

this to be bottle E. This effect might result from the deep twist and jagged edging on 

bottle E. This, combined with its heavy patterning, was perceived as containing a lower 

surface area and volume than the plain and straight-walled bottle B (Figure 9). This can 

be aligned with the empty-full illusion, where empty spaces can appear larger than 

patterned areas. In bottle E, the tight waist is accentuated by heavy detailing, with the 

effect of drawing the eye in further and decreasing the perceived bottle volume.  
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Figure 9. Straight walls of bottle B, and the waist feature of bottle E accentuated by the 

empty and full illusion. 

5.3 Emotional response  

After the tests were completed, qualitative feedback was gathered from participants. 

There were a range of (sometimes contradictory) individual observations and insights. 

One theme to emerge, however, was a preference for minimalism and simplicity of 

design. The most popular bottle was B, which was distinctive in having no line, ridge or 

pattern on the body. Many respondents explained that this bottle was classic, simple, 

clear etc. Moreover, the bottle is visually very clean, suggesting glass because of its 

plain and smooth surface. Bottle C was also popular due to its eye-catching spiral 

shaped lines and deep horizontal grooves. Participants felt these features also offered 

affordances in terms of grip and stability. Bottle D was also appreciated for its 

simplicity: its mostly smooth surface area is broken with a strong horizontal band and 

thick texturing on the upper that gives the product a sturdier appearance. Bottle A, with 

its square base, the angularity of its chamfered corners, and tension of the bowed walls 

provide a distinctive shape with a degree of visual tension. There was also a feeling that 

the product did not seem ergonomic to hold and appeared bulky. Bottle E was the least 

popular, with the general consensus that it seemed unbalanced and unfamiliar. This can 

be attributed to the reversed proportion of the golden section and lack of integration of 
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the twisted portion of the bottle.  

5.4 Considerations for creative form finding 

The results of the presented study allow us to make several observations on volume 

perception for bottle design. Greater elongation (height) was the most powerful factor in 

increasing volume perception. Similarly, shallower shoulder angles increased 

perception of width, and hence volume. On the other hand, rounded body contours 

minimized estimations of capacity, and density of surface pattern and detail had a 

similar effect through reduction of the visual field. As an avenue for exploration in 

creative form finding, we have linked these perceptions to optical illusions, and 

suggested how such illusions could be employed in order to emphasise or minimise 

these features in practice.  

Since the study did not specifically isolate and evaluate optical illusions we can 

make no assertions as to their applicability. But as we have highlighted, there are 

hundreds of 2D illusions that exist and continue to be created, and there is a rich 

opportunity to establish a more cohesive link between the fundamental characteristics of 

these and to establish clear routes for their utilisation in 3D form finding. Knowing the 

properties of these illusions, and how they might allow the designer to influence the 

viewer’s perception of an object, opens up the possibility of a set of ‘form enhancing’ 

creative guidelines. For example, if tasked with designing an ‘elegant’ loudspeaker, 

what surface patterns and geometric details might be employed to present a slender, 

poised shape given the internal volume requirements?  

While our findings are linked solely to the issue of perception of volume, these 

principles could be applied to design affordances more widely. Given that afforances 

relate to any aspect of functionality that the user can ‘read’ into a design, aspects such 

as graspability (bottle waist size) and stablility (base-body proportions) could be 
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characterised and optimised through use of other illusions. With further expansion, we 

believe this points to an exciting and valuable new line of aesthetic enquiry for design, 

one that derives particular illusions for use in form generation in order to invoke 

intended perceptions and reactions on the part of the user.   

5.5 Limitations 

The examination of the bottle set had a number of limitations. The participant sample 

size was limited, and could be increased in future studies. Additionally, examining only 

five bottles in detail has limited the number of optical illusions for interpretation – it 

would be beneficial to extend the scope and to quantify to what extent perceptions are 

being altered. Several variables were excluded from the study. Firstly, refraction effects 

due to the water in the bottle were not considered. Although this was minimised by the 

use of a neutral viewing background, the tendency of light to alter direction or bend in 

moving through materials may have influenced perception in and around detailed 

features. Secondly, caps have not been included in the evaluation. These come in 

various types (such as sports caps) and could be considered part of the overall 

functionality and aesthetic composition. There are also alternative approaches that could 

prove fruitful in linking illusions to creative form finding. For example, by 

systematically isolating particular 2D illusions and generating 3D variations, metrics 

could be established to test how well their properties translate. By building a suite of 

viable illusions, a toolkit for creative form generation could eventually be conceived.  

6 Conclusions 

This paper demonstrates how perceptions of volume are affected by various features of 

3D geometry. The results suggest that factors including height, external contours, 

elongation, waist width, shoulder angles and patterning affect the viewer’s ability to 
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accurately gauge bottle contents. Participants consistently overestimated volumes in 

bottles which were taller, had flatter shoulder angles, or had less patterning. These 

occurred to different degrees depending on the volume of water contained in the bottle – 

the different levels tended to draw attention to the local features (or in the case of full 

capacity to the whole bottle characteristics). These geometric features and variations in 

perception have been connected to optical illusions, specifically the horizontal-vertical 

illusion, the angle illusion and the empty-full illusion. In terms of overall preference, 

there was a tendency to favour minimalist and simple designs, and where patterning was 

introduced the use of the golden section and subtlety of line was favoured.  

This research begins the process of linking optical illusions to geometric 

configurations in a creative design setting – invoking deliberate perceptions and 

reactions in viewers through aesthetic embodiment.  A range of 2D illusions have been 

described, with three categories of geometric optical illusions identified in relation to 

length, shape, and curvature. Possible connections between the volume perception 

results and these illusions have been outlined in discussion. Given their propensity for 

influencing the viewer, there is significant scope for harnessing the power of illusion as 

part of the creative design process. It is similarly critical that designers are aware of 

such phenomena in order to avoid unintended manifestations in the aesthetic 

interpretation of their designs. To this end, the work presented here highlights the 

critical nature of perception for both user and designer, and provides a basis for the 

structured application of optical illusions in design.  
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Appendix 1. Plastic bottles with a volume of 500 ml. 

 




