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Abstract. The fundamental challenge in developing and evaluating creativity 

support tools is that we are not able to detect when a person is being creative. In 

this position paper we described our perspective of ambient intelligence in crea-

tivity support tools specially in the use of creative writing environments. Starting 

with the activity theory, we describe a simple analysis of writing sessions involv-

ing 100 students from a higher school, and recorded using a keystroke logging 

program called Inputlog and the program iTALC to support it. Specifically, we 

outline the writing activity goals and the interaction design goals.  

Keywords: Future environments, Ambient Intelligence, Creativity Support 

Tools. 

1 Introduction 

Interactive technologies and new environments are used by a crowd of users with di-

verse characteristics, needs and requirements [1]. Humans are able to distinguish dif-

ferent scenes, objects or places with all their senses and also have the ability to recall 

those to spark creativity, e.g. while writing a text. Today, people can take small yet 

powerful computers anywhere at any time. The rapid adaptation of smart and ubiqui-

tous or pervasive computing enable people to have access to information much faster 

that previous generations.  

With the new trends in natural interaction between computer and human there is a 

challenge to empower users to harness and embrace their creativity through the use of 

creativity support tools [2]. Robison [3] defines creativity as the process of having orig-

inal ideas that have value. Creativity it is also a complex and multifaceted phenomenon 

[4].  As stated by Shneiderman [5] creativity includes discovery or invention of a sig-

nificant idea, pattern, method, or device that gains recognition from accepted leaders in 

a field. Creative workers use artificial stimuli as inspirational guides, e.g., listening to 

music while writing or looking at images while drawing. Indeed, well-designed crea-

tivity support tools can help users in generating multiple levels of creativity for example 

during the process of writing, particularly those tools that can also generate different 



stimuli. Ambient intelligent environments can be characterized by their ubiquity, trans-

parency and intelligence [6], and also eventually intelligent agents or algorithms crea-

tivity support tools, would help decisions that automatically serve a person or notify to 

make a decision or to carry out an action [7].  

In this position paper we outline our perspective of ambient intelligence in creativity 

support tools, especially in the user interfaces to support creative writing.  Based on 

activity theory we enhance the emerging opportunity to use ubiquitous or pervasive 

technology in a creative process.  We present a study  using different modalities - such 

as sound and smell - on a creative writing activity of 100 students in a high school1. In 

a between-subjects design we tried to discover patterns in the influence of smell and 

sound on the participants writing activity while using a word processor in different en-

vironments. These modalities were chosen because they do not distract the users’ at-

tention from the main creative task.  

2 Background 

Ambient Intelligence (AmI) is an emerging discipline that brings intelligence to our 

everyday environments and makes those environments sensitive to us [8]. It is a multi-

disciplinary paradigm that draws a new kind of relationship between humans, their en-

vironment and the technology [9]. Weiser [10] states that the computer of the 21th cen-

tury should be invisible to its users, also it would be embedded in the environment. 

Such invisibility is related to the capacity of the technology to help users to reach their 

goals in a less obtrusive way. As stated by Hopper [11] applications can be made more 

responsive and useful by observing and reacting to the physical world and it is particu-

larly attractive in a world of mobile devices and ubiquitous computers. The develop-

ment of technologies including facial expression [12], emotion [13], speech [14],  or 

gesture recognition, motion tracking [15],  facilitate normal interactions with intelligent 

environments. Essentially, AmI systems should know when it is convenient to interrupt 

a user when to make a suggestion but also when it is more convenient to refrain from 

making a suggestion [8].  Our work revolves around creativity support tools and using 

different modalities, such as sound and smell in a creative writing process, to improve 

and formulate new guidelines for design for this type of user interfaces, as well as en-

hancing exploration of future environments.  

Interaction with technology gives fresh possibilities to use it in a creative way while 

also leading to the evolution and sometimes to a transformation of that specific tech-

nology. Emerging computer-based tools can develop better and more creative solutions 

to the problems that we face in our day to day [16]. The success during software devel-

opment, despite of being a conceptually complex, knowledge intensive and cognitive 

activity, depends on the creativity of software engineers [17]. There’s an effort for de-

veloping creativity support tools, which enable us to explore, discover, imagine, inno-

vate, compose and collaborate [18]. And also it is a challenge to construct information 

technologies that support creativity and the goal of developing new creativity supported 

tools can be obtained by building upon an adequate understanding of the creative pro-

cess [5].  A creativity support tools is any tool that can be used by people in the open-
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ended creation of new artifacts [19]. Creativity and motivation enhancement can easily 

be aligned with the design of high-quality human-computer interaction and also crea-

tivity might be viewed as any process which results in a novel and useful product [20]. 

Wang et al. [21] and Andolina et al. [22], targeted stimuli such as the visual stimuli, 

images and text, to support creativity, increasing both originality and diversity of ideas 

during brainstorming. Ohers researches [23] studied UI Zen-based themes, composed 

of sound and images to foster inspiration, focus and immersion on creative writing 

tasks.  

The model of activity theory (Figure 1) was proposed by Engeström [24] that pro-

vides a number of constructs by focusing on activities as the unit of analysis, activities 

as goal-directed of intensive interaction of a subject with an object through the use of 

tools [25].  The illustration of these tools are forms of mental processes manifested in 

constructs whether physical or psychological. As stated by Appiah et al. [25] this theory 

identifies both internalization and externalization of cognitive processes involved in 

use of tools, as well the transformation or development that results from the interaction.  

 
Figure 1 - Model example of human activity by Engeström (Engeström, 2000). 

Human activity is executed in a hierarchy of three levels: activity-action-operation [26]. 

An activity is always directed towards a motive, and can be divided into a series of 

actions, each of which are directed towards more specific goals [26]. The major key 

terms in activity theory include internalization, mediation, subject, object, tool, process 

(transformation), rules community, division of labor and outcomes [25]. As stated by 

Kuuti [27] activity theory provides a philosophical and cross disciplinary framework 

for studying different forms of human practices as development processes.   

3 Study 

The aim of the study, was to examine how students go through a creative process with 

computers in a special environment - using modalities such as sound and smell, and 

their interaction in a creative task. This study applies a between-subject design experi-

ence, and we focused on the creative task activity of 100 students. We used a creativity 

activity such a writing task, since they were students and during their school curriculum 

they have to write compositions in various disciplines as further evaluation. We rec-

orded the writing sessions using a keystroke logging program called Inputlog [28] and 



the program iTALC [29] to support the observations. Also to contribute towards under-

standing we applied activity theory [24] and semi-structured interviews.  

3.1 Participants, conditions and task 

The experiment was conducted in a classroom in the secondary high school, during two 

weeks, and we recruited a group of students. Our experimental design was based on a 

between-subjects design, in which seven groups of students were randomly assembled 

according to different conditions such as gender, age, computing experience, and Inter-

net experience, to ensure that the groups were similar as possible.  

This experience involved 100 students from the institution’s population, aged between 

15 and 19 years old (M=15.9; SD=0.94). There were 45 females and 55 males. All 

subjects were naïve to the experimental conditions. We lead one session per group of 

students, making up a total of seven sessions for the experience. The classroom was 

equipped with desks with integrated computers (Figure 1).  

 
Figure 2 - One group of students performing the study in the moment of the experience. 

The creative activity in this experiment included writing in four creative writing condi-

tions. Microsoft Word was the word processor in this experiment. We chose this crea-

tive writing user interface because the participants were more familiar with it, has a 

large formatting options, the ability to change font-weight and many other things that 

allows users an essay and near-instant input.  

Condition 1 (N=14). Our baseline (session 1) without any cues.  

Condition 2 (N=22). We used two types of olfactory cues: an alerting smell (session 

2) was achieved by the actual fragrance of hot coffee that was spread around the room 

in small cups, and relaxing smell (session 3)– for which we used a laurel fragrance.  

Condition 3 (N=31). In this condition we used also two auditory cues: an alerting sound 

(session 4) - users might feel that they would be sitting in a cafe with the constant bustle 

of movement of people, machines and dishwashers, and a relaxing sound (session 5), 

achieved using a natural soundtrack featuring water, birds and foliage.  

Condition 4 (N=33). We used the combination of sound and smell in each condition – 

alert and relaxed. One group of students could have the smell of the real coffee and the 



sound of a café (session 6), and the other group of students could had the relaxing fra-

grance and sound of nature (session 7).  

Task. We presented a map to students and they had to choose two points. Students had 

to write a short story using the starting point as a map. Through their own imagination 

and creativity, they wrote a story of the path from point X to Y. They initiated their 

writing from their own ideas. The time limit was 15 minutes to complete the writing 

task. 

3.2 Results 

To study the activity system according to Engeström model [24], we randomly took 

one writing session as starting point. Students initiate their writing as if they had their 

ideas already predefined. After a while, they were looking at the map while writing or 

staring vaguely at the horizon, pausing as if to think and then they  started writing. The 

action in this activity was a writing task using as instruments the software (Microsoft 

Word) in the computer for that purpose. One rule existed, students could not use the 

internet while writing. With a disturbance such as the absence of ideas and resulted in 

a pause while writing, made the object (in this case the student) activate a contradiction 

in the initially exposed rule. The outcome in this case, is the final draft of a short story.  

It was also monitored this activity through the iTALC program, and one example of 

disturbance in this activity, was the use of image search when students stopped writing 

(Figure 2). When we interviewed them, enquiring why they did this search, students 

assumed they were out of ideas to write and wanted to find inspiration, or others said 

that they wanted to enrich their text with a more elaborate definitions.  

 
Figure 3 -Fragment of monitoring during the writing activity: example of the use of im-

age search during the writing task. 

Using the keystroke logging program called Inputlog, we had an overview of infor-

mation such as the average time in each session on the writing activity using the key-

board (Table 1), the average time of pauses in each session while writing and the aver-

age of switches between mouse and keyboard in each session (Table 2).  

 



 Condition 

1 

Condition 2 Condition 3 Condition 4 

  Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

Mean 

(seconds) 
00:12:03 

(72,180)  

00:12:02 

(72,120) 

00:10:53 

(63,180) 

00:11:44 

(68,640) 

00:12:28 

(73,680) 

00:11:27 

(67,620) 

00:12:19 

(73,140) 

Std. Deviation 0,00233 0,00298 0,00305 0,00260 0,00235 0,00266 0,00230 

Table 1 - Average time in each session on the writing activity using the keyboard 

In Table 2  results shows that the average time on the writing activity using the keyboard 

in session 3 (Condition 2) had lower values than the other sessions, but results were not 

of statistical significance.   

 
 Condition 

1 

Condition 2 Condition 3 Condition 4 

  Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

Mean (pauses) 
00:06:16 

(36,960) 

00:04:33 

(25,980) 

00:04:48 

(26,880) 

00:04:19 

(25,140) 

00:04:10 

(24,600) 

00:04:45 

(26,700) 

00:03:55 

(21,300) 

Std. Deviation 

(pauses) 
0,00287 0,00100 0,00083 0,00112 0,00107 0,00104 0,00125 

Mean 

(switches)  
33,714 10,333 23,500 26,118 18,429 28,476 19,154 

Table 2 - Average time pauses in each session while writing and average switches be-

tween mouse and keyboard. 

Regarding the average switches between mouse and keyboard, results in Table 3 shows 

that the participants in Session 1 (baseline) had changed more often than the other par-

ticipants in the other Conditions. From the results, we also noted that participants in 

Session 2 had changed fewer times between the keyboard and the mouse, as well par-

ticipants in Session 5 and Session 7. Considering the average time pauses while writing, 

participants in Session 1 stopped more often than the others in each session, but results 

were not of statistical significance.  

Regarding the stories written and the data dispersion, results (Table 3) shows that the 

participants in the Condition 2 (Session 2 and 3) wrote an average more words, which 

contrasts with our baseline - Condition 1 (Session 1), and with Condition 3 (Sessions 4 

and 5) and Condition 4 (Session 6 and 7). 

 
 Condition 

1 
Condition 2 Condition 3 Condition 4 

  Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

Mean 230,10 412,60 210,10 258,40 273,70 279,20 277,10 

Std. Error 39,383 30,768 24,897 32,245 41,226 30,234 17,669 

Median 217,50 429,50 192,00 232,50 294,50 275,00 264,00 

Std. Deviation 124,541 97,298 78,732 101,969 130,369 95,609 55,876 

Minimum 87 211 124 136 54 117 201 

Maximum 493 533 364 399 463 433 365 

Table 3 - Statistical analysis for stories written in each condition. 



Using Friedman's ANOVA approach to testing differences between each condition re-

sults were statically significant Fr(6)=15.77, p<.05. Therefore the non-parametric Wil-

coxon test was applied to follow up this finding. For students in Condition 2 the results 

were significantly higher than students in Condition 1 (our baseline), (T=1, z=-2.59, 

p<.05, r=-.43). When comparing Condition 1 with Condition 3 and Condition 4, results 

were not statistically significant. In general, we observed that the participants were con-

centrated on the writing moment. Triangulating the results with semi-structured inter-

views it was clear that all participants felt somewhat creative during the experiment. In 

the semi-structured interview, 50% of students consider that they did feel more creative 

in Condition 1, 54.8% in the Condition 3 and 63,6% in the Condition 4. 72.7% of the 

students in the Condition 2 considered themselves more creative in this condition. One 

of the factors that are believed to play an important role in human creativity is our 

sensory richness. To improve and foster creative tasks, our study suggests that the com-

bination of different modalities such as sound and smell, should increase research on 

the development of creativity support tools and environments.  

4 Discussion 

Cook et al. [8] suggest that ambient intelligence is maturing and the resulting technol-

ogies promise to revolutionize daily human life by making people's surroundings flex-

ible and adaptive. In the field of ambient intelligence applied to education there are few 

studies referring to smart classrooms that use an interactive whiteboard that stores con-

tent in a database [30] or that employs different devices that recognize interactions such 

as gestures, motions and speech to capture information or focus attention on appropriate 

displays and material [31] but more research is needed in this field and creativity sup-

port tools especially with the rise of new technologies.  

In this position paper we investigate how students go through a creative process with 

computers in a special environment (using olfactory and auditory cues), and their inter-

action in a creative task such as creative writing. Today technology is shifting the way 

people express themselves. The pervasiveness of new technologies in our day to day 

lives, especially digital interfaces, has increased our access to and interaction with the 

written word, resulting in both more reading and writing. Whether you’re script-writing 

a novel or creating a new story at school, sometimes writing might not be as easy as it 

seems. Chang et al. [32] refer that a good storyteller usually needs good inspiration 

during the story construction process. Other researchers [33] have studied the role of 

storytelling technologies to encourage collaboration and to reflect design suggestions 

made by children themselves. To improve and foster creative tasks, our study suggests 

that interactions with multisensory systems can have an important role in a creative 

process of users.  



5 Conclusions 

In this position paper we presented  a study that addresses the use of different modalities 

such as sound and smell on the creative writing process of users to enhance their crea-

tive activity in four different conditions. This position paper was written with the inten-

tion to spark an initial discussion around ambient intelligence and creativity support 

tools with the simple focus of how to design new tools that involved multisensory in-

teractions, and when to apply the multisensory stimulus in the user's creative process. 

New creativity support tools could provide ubiquitous solutions whereby new technol-

ogies can enhance the user's creative process.  
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