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Abstract 

We discuss the design and initial evaluation of Gravity 

of Thought Waterfall, which is designed to be a 

surprising and creative prototype. Users can control the 

visual "gravity" effect of the waterfall with an EEG 

headset. The potentially surprising interactions with the 

prototype are evaluated through a set of questionnaires 

and a survey. Results show that the designed prototype 

is perceived to be surprising and creative; almost all 

participants were positively surprised when interacting 

with it. 
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Introduction 

We discuss the design and initial evaluation of Gravity 

of Thought Waterfall (GTW). GTW is a gadget that is 

intended for evoking positive surprise when interacting 

with it. A positive surprise is envisioned to be a 

pleasant and unexpected reaction to the interaction 
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with the prototype. Arduino electronic platform was 

used for creating what is known as the ‘Levitating 

Water Effect’. MindWave Mobile EEG Headset [8] was 

used as a mean for realizing the user-gadget 

interaction. 

Related Work 

Work on surprising interactions in the HCI and design 

fields highlight their potential for creativity. Macedo et al. 

suggests several possible functions that can be used to 

compute the intensity of surprise, evaluating these 

functions in an experimental test to determine their 

accuracy [5]. Averill conducts a series of studies in order 

to explore “the structure and correlates of emotional 

creativity.” They use a specially constructed measure of 

individual differences - Emotional Creativity Inventory 

(ECI). The authors’ analysis of the ECI proposes three 

aspects of emotional creativity: preparedness, novelty, 

and effectiveness/authenticity, concluding that they can 

be distinguished empirically as well as theoretically [1]. 

Surprising creativity is discussed by Zheng et al. [7], 

through developing a cognitive framework for interactive 

exhibits designed for children, so that they can better 

comprehend the creative possibilities derived from 

everyday experiences. According to Mahmoud-Jouini et al. 

[6], firms experiment employs various innovative objects. 

These objects are the outcome of quick prototyping or Fab 

Lab units: “they supply the creative process with physical 

objects that play important role.” They believe that the 

importance and specificities of creative artefacts, in the 

creative processes, are evolving in order to improve the 

firms’ efficiency [6]. 

According to Ludden et al. [4], surprise reaction, as well 

as feelings of amusement, interest, confusion or 

disappointment, can be elicited when information from 

multiple sensory modalities conflict. When ‘joke theory’ is 

considered, arguing that people have two incongruities 

when encountering a prototype: appropriate, which is 

enjoyable and appreciated; and inappropriate, which is 

confusing and negative. Appropriate incongruities were 

more amusement and generally favored. They also 

suggest that the conflict between touch and vision cause 

more conspicuous appropriateness of an incongruity than 

olfaction or audition [4]. When it comes to games and 

creativity, Hutton & Sundar [3] try to define the role of 

emotions in helping youth reach their creative potential. 

The study shows how emotions “significantly affect 

creativity through the interaction of arousal and valence.” 

Becattini et al. [2] suggest a framework of factors of 

surprise. The framework, presumably, can define “the 

emergence of surprise in terms of individuals’ 

interpretations and/or modifications of prototypes’ 

behavior and structure.” their framework demonstrates 

the results of “a preliminary empirical investigation about 

the manifestation of unexpectedness,” according to such a 

framework. The paper of suggests a “set of triggers that 

are deemed capable of enabling the manifestation of 

surprise, whose dimensions and causes hold particular 

relevance in the field of creativity assessment” [2]. 

To explore the process of evoking positive surprise in the 

framework of factors of surprise, we develop vision 

focused GTW [2]. 

Implementation 

The NeuroSky MindWave Mobile headset measures 

brainwaves from the forehead (Figure 2). The headset 

picks up the brain wave signals in the form of 

 

 

Figure 1: System concept 

diagram, showing the closed-box 

container. 

 

Figure 2: MindWave Mobile EEG 

Headset which was interfaced 

with an Arduino Uno for 

controlling the device. 

 

 

 



  

“Attention”, which are used to control the strobe light’s 

switching frequency [8]. 

The MindWave Mobile EEG Headset was interfaced with 

an Arduino Uno. The EEG was tested out of the box, 

then interfaced via a BlueSMiRF Silver module. A test 

circuit was constructed, and example Code was 

modified so that it would work with the strobe light.  

The whole prototype is powered using an external 

power supply. The strobe light was switched on/off 

using a relay controlled with a signal from the Arduino. 

All the parts were designed and fabricated at FabLab 

Oulu (Figure 1, 3, 4, 5 and 6). The milling machine was 

used for making circuit boards, the outer box and the 

water tank were laser cut, and few other parts were 3D 

printed. 

Method 

We tested the potential for surprising interactions in an 

experiment: the sample incorporated a total of 15 

participants from the University of Oulu. It targeted 

students from the faculties of humanities. The study 

was conducted in the Demo Room at the Center for 

Ubiquitous Computing. The room is best dark to 

observe the effect. There was not a need for any 

additional equipment. 

After signing the consent forms, our unexpected and 

potentially surprising prototype was introduced. 

Participants did not know about the levitating water 

effect. They were helped to put the headset on, then 

were told that they will be using this headset to control 

the fountain through their attention level. They were 

told that they have 5 minutes to interact with the 

prototype. The experiment was captured on video. 

Question Yes/No  

Were you surprised when you got in touch 

with this prototype? 
13/2 

Do you believe that this kind of prototype 

presents unexpected properties? 
12/3 

Table 1: Results from questionnaire part 1; number of positive 

(yes and no answers) responders for each question. 

Factors triggering 
surprise 

Question: I find/found it 
surprising because it 

Habits 

focuses on current people’s 
habits and attempt to take 
them to the extreme; or 
infringes seeded habits 

Ethics 
emphasizes ethical values; 
or violates ethical values 

Esthetics 

stresses current esthetical 
tastes or look extremely 

good; or mismatches with 
diffused esthetical tastes or 

look particularly ugly 

Behavior 
works or behaves in an 

unexpected way 

Absence of an expected 
features 

does not include something 
in its structure I am used to 

see or perceive 

Unexpected 
combination of known 

features 

Combines something in its 
structure I am not used to 

find together 

Unexpected 

modification of a 
feature 

Changes something of the 

structure in a wat I wouldn’t 
expect 

Other reasons Write here 

Table 2: Questionnaire part 2: questions investigating surprise 

triggering factors. 

 

Figure 3: Container Box, where 

all the fabricated and the 

electronic parts are placed inside. 

 

Figure 4: 3D printed parts. Left: 

was used for preventing water 

from splashing when reaching the 

bottom; middle was used to hold 

a tube in its place; right was used 

to prevent water from splashing 

when leaving the tube. 

 

Figure 5: Acrylic water tank, used 

to collect water. 

 

 

 



  

After interacting with the prototype, a pre-

questionnaire regarding participants’ background was 

introduced; collecting information about their age, 

gender and background. The evaluation process 

consisted of a combination of questionnaires and a 

survey; administered questionnaires were modified 

from Becattini et al. [2] for this purpose. The survey 

choice was Attrakdiff: Single Evaluation. 

Results 

For Part 1, questions are in Table 1, the first set of 

questions aimed to perform a screening of the proposed 

prototype according to the participants' knowledge and 

their perception of surprise. Participants were asked to 

justify their answer. 

For Part 2, see Table 2 for questions and classification 

of surprise triggering factor, aimed to make participants 

explain their personal reasons behind surprise 

emergence. 

AttrakDiff: Portfolio-presentation 

As seen in Figure 7, the prototype was rated between 

“self-oriented” and “neutral”. We cannot tell whether 

the classification is pragmatic or hedonic. Both qualities 

character classification does clearly not apply because 

the confidence interval spills out over the character 

zone. Thus, room for improvement exists in terms of 

both qualities. 

AttrakDiff: Diagram of average values 

With regard to pragmatic quality (PQ), the prototype is 

located in the average region. It provides the user with 

identification and thus meets ordinary standards. 

Should we wish to simplify, and better structure such 

prototype, we must aim at further improvement. On 

the other hand, both prototype’s hedonic quality (HQ) 

and attractiveness (ATT) value is located in the above-

average region. Thus, the overall impression of the 

prototype is attractive, and it supports interesting and 

stimulating functions, contents, and interaction- and 

presentation-styles (see Figure 8). 

 

Figure 8: Average values of the AttrakDiff dimensions for the 

prototype: GTW (n=15). PQ:-0.01; HQ-I: 0.83; HQ-S: 1.29; 

ATT: 1.15. 

AttrakDiff: Description of word-pairs 

The mean values of the word pairs are presented in 

Figure 9. Of particular interest are the extreme values. 

These show which characteristics are particularly critical 

or particularly well-resolved. Figure 9 shows all word-

pairs are not within average region: technical, 

unpredictable, professional, presentable, inventive, 

creative, innovating, novel, attractive, likable, good and 

motivating.

 

Figure 6: 12V-2.5A LED light that 

was used for switched on/off at 

certain frequancy for creating the 

effect. 

 

Figure 7: Portfolio with average 

values of the dimensions PQ, HQ 

and the confidence rectangle of 

the product. Medium value of the 

dimensions of product is the dark 

blue square, confidence rectangle 

is light blue rectangle. PQ:-0.1 

Confidence: 0.41; HQ: 1.06 

Confidence: 0.27. 

 



  

 

Figure 9: Description of word-pairs, shows the mean values of the word-pairs. Interest are the values that are extreme. These show 

which characteristics are particularly critical or particularly well-resolved. 

 

Figure 10: Participant positively surprised, smiling, when 

realizing the effect. 

Discussion 

Almost all participants were surprised with the 

prototype. Two participants were not surprised by the 

prototype, stating that it its “unexpected properties 

seem to be too abstract”. They also mentioned that 

they had have experience in professional photography. 

For part 2, 12 out of 15 participants believed that the 

prototype presents unexpected properties. 

Additionally, most of the participants mentioned that 

they were surprised by the water moving upwards: “I 

didn’t expect it to light up and look like the water is 

going up” and “Water looks falling down, then going up. 

Live optical illusions”. Meanwhile, one participant was 

surprised because he has never been using brain wave 

detection headset before. Moreover, there is one 

participant felt that “the way that the prototype was 

attached to my head was scary”, but he was also 

Question count 

Emphasize Habits 7 

Violate Habits 8 

Emphasize Ethics 5 

Violate Ethics 2 

Emphasize Esthetics 8 

Mismatch Esthetics 1 

Unexpected behavior 13 

Absence of an 

expected feature 
7 

Unexpected 

combination of a 

known feature 

12 

Unexpected 

modification of a 

feature 

11 

Other Reasons 3 

  

Table 3: Results from 

questionnaire part 2 



 

surprised because of the effect: “it was surprising while 

I only though about the fountain and saw the upward 

motion which means that I did not have to even order 

something about that: only thinking”. On the other 

hand, there are 3 out of15 participants didn’t think our 

prototype presents unexpected properties, as they 

pointed out they expected something would happen 

with the EEG headset, but they were surprised with the 

effects: “I think that they are not unexpected of course 

the result is surprising.” 

According to our data described in table 3, the 

prototype is considered to have “Unexpected 

combination of known features”, “Unexpected 

modification of a feature” and “Unexpected behavior”. 

Participants were split evenly when it comes to ethical 

surprise emergence. 7 out of 15 participants thought 

they recognize the box, but interacting with it, they 

realized that the prototype was not what they thought.  

Conclusion 

Our prototype, which was designed to be a surprising 

and creative prototype, and in the evaluation, almost 

all participants were positively surprised supersized 

when they can control the prototype using mind-control 

and see water moving upwards effect. The prototype is 

“unpredictable” and acting differently from what people 

think about it. Furthermore, the EEG headset also 

brings curiosity to our participants, half of them have 

never seen it before, and they are excited when they 

can use their mind to control things. For future work, 

we plan for a large scale experiment based on the 

results of this evaluation. 
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