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Abstract: In this paper, we proposed a neuroscience-based general framework for 

IS visual systems design that uses neuroscience as the bridge that systematically 

integrates the principles of design aesthetics and principles of positivistic 

functionalities into a comprehensive model. Based on our general conceptual 

model, we also provide a detailed typological framework for the practical IS visual 

systems design.  
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1. Introduction 

Information systems (IS) visual system design is an important component of the general 

concept of information design. As [1] point out, “in order to satisfy the information needs 

of the intended receivers, information design comprises analysis, planning, presentation and 

understanding of a message – its content, language and form… a well-designed information 

set, with its message, will satisfy aesthetic, economic, ergonomic, as well as subject matter 

requirements” (p.19). In the past decades, visual system design has become an increasingly 

relevant topic in IS, as evidenced by a plethora of relevant studies [2-6]. Generally, in IS 

there are two research streams that address visual system design [7]: one holds that interface 

usability and functionality is the key, emphasizing a behavioral or cognitive focus [8-12];  

the other research stream contends that attention to hedonic aspects of human-computer 

interaction, with human needs such as emotion, affect, and experience is important [13-15]. 

Traditionally in the IS field, the visual system design is studied through the 

positivist paradigm with a functional approach. According to this approach, the IS system 

design methodology focuses on the user’s cognitive perceptions of the IS visual system 

design artifacts, and the factors influencing such perceptions. The research papers with this 

approach usually utilize the terms “design,” “development,” “dimension,” “construct,” 

“characteristic,” “variable,” and “factor”. There are three positivist dimensions that form 

the premises of IT systems development [16]: factors of systems development, user 

outcomes, and owner value outcomes [17, 18]. 
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Historically, there exists another separated paradigm for visual system design: the 

aesthetics of information design that focuses on the visual impression that “is both 

instantaneous and persistent in memory” [19]. The vocabulary used by researchers with this 

approach usually includes terms such as “visual,” “aesthetic,” “sensory,” “interactive,” and 

“beauty”. The three aesthetic dimensions that form the fundamental premises of the visual 

design discipline and well-established in the literature are: elements of visual design, 

principles of visual design, and factors of visual composition [20-24]. 

Researchers have argued for a systematic approach that can integrate these two 

distinct, and currently mostly-independent paradigms, and call for a comprehensive 

framework that illustrates the IS visual systems design with both functionality and aesthetic 

appeals [25, 26]. In this paper, we propose an innovative framework to integrate these two 

disparate paradigms: we use neuroscience as an underlying connection bridging aesthetics 

design principles with positivistic design principles. On one hand, we illustrate the design 

model for Neuro-aesthetics, and on the other hand, we also describe the NeuroIS model for 

system design. Then we show that these two approaches can be seamlessly integrated into 

one comprehensive framework for IS visual systems design. In addition, based on our 

proposed general framework, we develop a typological model for the practical application 

of visual systems design. 

2. Neural Foundation for IS Design Science 

In IS field, design science research refers to the stream of research that focuses on the 

“development of novel IT artifacts, organizational development, and theory building” [27, 

28].  Traditionally this area has provided structure and direction to the design of IS 

components, and identified factors that influence the processes [29]. 

One field that holds great promise in contributing to the above area of IS design 

science is neuroscience, which is the science that explains how human brain works. NeuroIS 

is the emerging field that focuses on the integration of neuroscience and IS [30, 31]. And 

especially in IS design science, for which human cognitive perceptions and decision making 

play a critical role, neuroscience provides great potential in contributing to the enhancement 

of IS design science methodology. The intersection between NeuroIS and IS design science 

has been investigated extensively since 2010 [32-35]. 

In this paper, we adopt [29]’s NeuroIS Design Science Model to illustrate the 

neural foundation for IS design science. Their model focuses primarily on three steps of 

interaction between human designers’ neural activities and IS artifacts, and can briefly 

described as following: 

 In the first step, the designers measure the artifact efficiency using neuroscience and 

generate neurophysiologic data. The step can be closely mapped to the dimension of 

“factors of systems development” in the positivist premise of IT systems development. 

 In the second step, new or improved IS artifacts and interfaces are designed, developed 

and built using the measurement data generated from the first step, in order to enhance 
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the efficiency of the system. The system efficiency can be measured through 

neurophysiologic values such as cognitive load, stress, and working memory, etc. This 

step can be closely mapped to the dimension of “user outcomes” in the positivist 

premise of IT systems development. 

 Finally, the outcomes of the new or improved IS artifacts are tested and evaluated using 

neural cognitive methods to provide an overall evaluation to the system owners. This 

step can be closely mapped to the dimension of “owner value outcomes” in the 

positivist premise of IT systems development. 

Therefore, the neural foundation for IS design science can thus be modeled by the 

following figure 1: 

 
Figure 1. The model of neural foundation for IS system design science 

3. Neural Foundation for Aesthetic Perception 

As [36] pointed out, there are parallels between properties of art, more specifically, the 

principles of perception, and organizational principles of the brain. Production and 

perception of art ought to conform to principles of neural organizations. Neuro-aesthetics 

is an emerging area, and various researchers have proposed models of visual aesthetic 

appreciation, perception, and judgments based on cognitive neuroscience. Two main 

neuroaesthetic models are [37] and [38]. 

In [37]’s model, the neural processes for aesthetic interaction starts with an 

affective state invoked by a design artifact, and goes through steps of perceptual analysis, 
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implicit memory integration, explicit classification, cognitive mastering, and evaluation, 

before it reach the stage of aesthetic judgment and aesthetic emotion. During each of the 

steps, the outcomes of those steps are significantly influenced by various factors such as 

complexity, contrast, order, grouping, familiarity, style, and contents, among others. 

In [38]’s model, the visual artifact offers stimuli, to which the users respond with 

attention efforts based on early vision features (such as orientation, shape, and color, etc.), 

and then intermediate vision (by grouping). As a result, the users make a decision influenced 

by emotional response. 

To summarize the neural models for aesthetics, we can categorize the aesthetic 

characteristics derived from neural visual perception into three broad categories: 

 Factors of composition, which includes elements of axis, complexity, dominance, 

focus, layout, order, sequence, and rules of composition; 

 Principles of visual design, which includes balance, contrast, emphasis, gestalt, 

movement, pattern, proportion, rhythm, and unity; 

 Elements of visual design, which includes color, form, line, point, shape, space, 

texture, typography, and value.  

Therefore, the neural foundation for aesthetics can thus be modeled by the 

following figure 2: 

 
Figure 2. The model of neural foundation for aesthetics 

4. A General Framework for Neuro-Scientific IS Visual System 

Design 

Based on the description of the previous analyses, it can be noticed that neural controls play 

a critical role in bridging the two seemingly disparate paradigms of IS visual system design: 

aesthetic design principles and positivistic design principles. Another important 

characteristic of this neuro-scientific integrated visual system design approach is that neural 

controls function in a behind-the-scene, under-the-hood fashion. Their intricate 
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functionalities and mechanisms in influencing either positivistic IS design decisions or 

aesthetic design perceptions are critical in understanding how the decisions and perceptions 

are formed. However, these neural controls’ detailed intricacies are encapsulated from the 

implementation of the design framework in real-world designing scenarios. People do not 

need to understand the detailed neural functionalities of various controls to appreciate the 

integration of traditional IS system design methodologies and aesthetics principles. 

In the following Figure 3, we show the neural factors as the bridging components 

in connecting aesthetics visual design dimensions (as identified by Figure 2) and functional 

system design dimensions (as identified by Figure 1). 

 
Figure 3. Neural factors as a bridge between aesthetics and functional system design 

 
Next, we encapsulate the neural factors underlying the connections between 

aesthetic dimensions and functional dimensions, and present the general framework for 

visual system design as illustrated by the following Figure 4. 

 
Figure 4. A general framework for neuro-scientific visual systems design 
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The interactive flows between all dimensions are bi-directional, meaning that the 

higher-level compositional requirements (Level -1 in Figure 4) potentially dictate the 

knowledgeable designer’s choice of the lower-level principles (Level -2), which in turn may 

dictate the choice of the lowest level elements (Level -3). IT system developers know that 

poor functional system design usually results in an inferior system. Analogously, because 

elementary (-3) design choices can profoundly affect principles (-2) and then exert influence 

through the compositional factors (-1), a designer who does not understand visual design 

theory and the possible hierarchical and interactive effects of his/her design choices will 

likely produce inferior visual designs. 

5. A Topological Framework for a Balanced Visual Systems Design 

Based on our proposed general conceptual framework for neuro-scientific visual systems 

design, we are able to establish a typological framework of balanced visual systems design. 

We start with each dimension in our conceptual frame. We identify each element within the 

dimension as the building blocks of design, and divide each into additional qualities, or 

subordinate attributes, as sub-variables. Then we provide a detailed description of each sub-

variable, and identify its factor type and class.  

The 49 factors or variables listed in our conceptual framework collectively 

generate over 150 qualities. Due to the length limit of this paper, we are not able to include 

the whole typological framework in this paper. The following Figure 5 is a snapshot of the 

portion of the framework pertaining to the element of “color” in the dimension of “elements 

of visual design” within the aesthetic plane. 

 
Figure 5. A snapshot of the typological framework of visual systems design 
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6. Conclusion 

In this paper, we present a general conceptual framework based on neuroscience that 

systematically integrates aesthetic principles and traditional positivistic IS design science 

methodology. In addition, based on our conceptual model, we establish a typological 

framework that directly provides the practical guidelines of a visual system design approach 

which balance the aesthetic and functional aspects of system design. 

 For future research, a couple of possible directions are interesting in extending the 

research outcome from this paper. First of all, we believe it would be interesting to design 

an experiment to evaluate the implementation of the typological framework developed in 

this paper and test how well it performs with an actual IS visual system (e.g. a functional 

website) design. Another interesting topic would be to obtain more details about how 

exactly the various neural controls affect the aesthetic perception and positivistic decision 

making and thus explore deeper insights towards the integrated relationships between these 

two planes in our proposed framework as illustrated in Figure 4. 

References 

1. Pettersson, R.: Information design, an introduction. John Benjamins 

Publishing Company, Amsterdam/Philadelphia (2002) 

2. Benbasat, I.: HCI research: Future challenges and directions. AIS Transactions 

on Human-Computer Interaction 2, 1 (2010) 

3. Li, N.L., Zhang, P.: The intellectual development of human-computer 

interaction research: A critical assessment of the MIS literature (1990-2002). 

Journal of the Association for information Systems 6, 9 (2005) 

4. Prestopnik, N.R.: Theory, design and evaluation–(Don’t just) pick any two. 

AIS Transactions on Human-Computer Interaction 2, 167-177 (2010) 

5. Zhang, P., Benbasat, I., Carey, J., Davis, F., Galletta, D.F., Strong, D.: AMCIS 

2002 panels and workshops I: Human-computer interaction research in the 

MIS discipline. Communications of the Association for Information Systems 

9, 20 (2002) 

6. Zhang, P., Li, N., Scialdone, M., Carey, J.: The intellectual advancement of 

human-computer interaction research: A critical assessment of the MIS 

literature (1990-2008). AIS Transactions on Human-Computer Interaction 1, 

55-107 (2009) 

7. Cyr, D., Head, M., Larios, H., Pan, B.: Exploring human images in website 

design: a multi-method approach. MIS quarterly 539-566 (2009) 



8 

8. Babu, R., Singh, R., Ganesh, J.: Understanding blind users’ Web accessibility 

and usability problems. AIS Transactions on Human-Computer Interaction 2, 

73-94 (2010) 

9. Palmer, J.W.: Web site usability, design, and performance metrics. 

Information systems research 13, 151-167 (2002) 

10. Reber, R., Schwarz, N., Winkielman, P.: Processing fluency and aesthetic 

pleasure: Is beauty in the perceiver's processing experience? Personality and 

social psychology review 8, 364-382 (2004) 

11. Teo, H.-H., Oh, L.-B., Liu, C., Wei, K.-K.: An empirical study of the effects 

of interactivity on web user attitude. International Journal of Human-

Computer Studies 58, 281-305 (2003) 

12. Venkatesh, V., Ramesh, V.: Web and wireless site usability: understanding 

differences and modeling use. MIS quarterly 181-206 (2006) 

13. Agarwal, R., Karahanna, E.: Time flies when you're having fun: Cognitive 

absorption and beliefs about information technology usage. MIS quarterly 

665-694 (2000) 

14. Beaudry, A., Pinsonneault, A.: The other side of acceptance: studying the 

direct and indirect effects of emotions on information technology use. MIS 

quarterly 689-710 (2010) 

15. Schrepp, M., Held, T., Laugwitz, B.: The influence of hedonic quality on the 

attractiveness of user interfaces of business management software. Interacting 

with Computers 18, 1055-1069 (2006) 

16. Iivari, J., Hirschheim, R., Klein, H.K.: A paradigmatic analysis contrasting 

information systems development approaches and methodologies. 

Information systems research 9, 164-193 (1998) 

17. Valacich, J.S., Parboteeah, D.V., Wells, J.D.: The online consumer's hierarchy 

of needs. Communications of the ACM 50, 84-90 (2007) 

18. Peak, D.A., Gibson, M.R., Prybutok, V.R.: Synergizing positivistic and 

aesthetic approaches to improve the development of interactive, visual 

systems design. Information design journal+ document design 19, 103-121 

(2011) 

19. Lindgaard, G., Fernandes, G., Dudek, C., Brown, J.: Attention web designers: 

You have 50 milliseconds to make a good first impression! Behaviour & 

information technology 25, 115-126 (2006) 

20. Edwards, D.J.: The Handbook of Art and Design Terms. Pearson, Prentice 

Hall (2004) 

21. Krug, S.: Don't Make Me Think: A Common Sense Approach to the Web (2nd 

Edition). New Riders Publishing (2005) 



9 

22. Mandiberg, M.: Digital foundations: intro to media design with the Adobe 

Creative Suite. Peachpit Press (2008) 

23. Mullet, K., Sano, D.: Designing visual interfaces: Communication oriented 

techniques. (1994) 

24. Rand, P.: Design Form and Chaos. Yale University Press (1993) 

25. Peak, D.A., Prybutok, V.R., Gibson, M., Xu, C.: Information systems as a 

reference discipline for visual design. International Journal of Art, Culture and 

Design Technologies (IJACDT) 2, 57-71 (2012) 

26. Peak, D.A., Prybutok, V.R., Wu, Y., Xu, C.: Integrating the visual design 

discipline with information systems research and practice. Informing Science: 

the International Journal of an Emerging Transdiscipline 14, 161-182 (2011) 

27. Hevner, A., Chatterjee, S.: Design research in information systems: theory and 

practice. Springer Science & Business Media (2010) 

28. Peffers, K., Tuunanen, T., Rothenberger, M.A., Chatterjee, S.: A design 

science research methodology for information systems research. Journal of 

management information systems 24, 45-77 (2007) 

29. Liapis, C., Chatterjee, S.: On a NeuroIS design science model.  Service-

Oriented Perspectives in Design Science Research, pp. 440-451. Springer 

(2011) 

30. Dimoka, A., Banker, R.D., Benbasat, I., Davis, F.D., Dennis, A.R., Gefen, D., 

Gupta, A., Ischebeck, A., Kenning, P.H., Pavlou, P.A., M, G., #252, ller-Putz, 

Ren, #233, Riedl, Brocke, J.V., Weber, B.: On the use of neurophysiological 

tools in is research: developing a research agenda for neurois. MIS Q. 36, 679-

702 (2012) 

31. Riedl, R., Banker, R.D., Benbasat, I., Davis, F.D., Dennis, A.R., Dimoka, A., 

Gefen, D., Gupta, A., Ischebeck, A., Kenning, P.: On the foundations of 

NeuroIS: reflections on the Gmunden Retreat 2009. Communications of the 

Association for Information Systems 27, 15 (2010) 

32. Brocke, J.V., Riedl, R., Léger, P.-M.: Application strategies for neuroscience 

in information systems design science research. Journal of Computer 

Information Systems 53, 1-13 (2013) 

33. Loos, P., Riedl, R., Müller-Putz, G.R., Vom Brocke, J., Davis, F.D., Banker, 

R.D., Léger, P.-M.: NeuroIS: neuroscientific approaches in the investigation 

and development of information systems. Business & Information Systems 

Engineering 2, 395-401 (2010) 

34. Riedl, R., Randolph, A.B., vom Brocke, J., Léger, P.-M., Dimoka, A.: The 

potential of neuroscience for human-computer interaction research. SIGHCI 

2010 Proceedings (2010) 



10 

35. Vom Brocke, J., Riedl, R., Léger, P.-M.: Neuroscience in design-oriented 

research: exploring new potentials.  Service-Oriented Perspectives in Design 

Science Research, pp. 427-439. Springer (2011) 

36. Chatterjee, A.: Neuroaesthetics: a coming of age story. Journal of Cognitive 

Neuroscience 23, 53-62 (2011) 

37. Leder, H., Belke, B., Oeberst, A., Augustin, D.: A model of aesthetic 

appreciation and aesthetic judgments. British journal of psychology 95, 489-

508 (2004) 

38. Chatterjee, A.: Prospects for a cognitive neuroscience of visual aesthetics. 

Bulletin of Psychology and the Arts 4, 6 (2004) 


