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Abstract 

This paper discusses a pedagogical approach for teaching a lighting design studio. 
Anderson’s ACT-R theory is utilized to guide the learning process. Anderson’s 
ACT-R theory focuses on three stages of skill acquisition: cognitive, associative, 
and autonomous stages. These three stages offer implications for teaching lighting. 
Early cognitivists offered many theories on how people solve problems. While 
early theorist focused mainly on explaining how people solve problems, 
contemporary theorist focus on cognitive strategies and information processes 
people use to solve problems.  Knowledge is a key component of information 
processing in problem-solving. Cognitive Psychologist identified two distinct types 
of knowledge: declarative and procedural. Anderson notes “declarative knowledge 
is explicit knowledge which we can report and of which we are consciously 
aware”. Procedural knowledge involves knowing how to execute tasks. Anderson 
notes “human cognition is always purposeful, directed to achieving goals and to 
removing obstacles to those goals”.  ACT-R’s main assumption is that knowledge 
can be classified as declarative and procedural. Declarative knowledge is factual 
knowledge, while procedural knowledge is how to perform cognitive tasks. 
Students are taught accurate and elaborate knowledge of lighting design principles 
to help them problem-solving. Learning is achieved through expository and 
discovery methods. Expository are teacher centered examples of which include 
lectures and interactive presentations on lighting systems, as well as field trips to 
lighting laboratories and showrooms to offer real life context for students. The 
discovery method is emphasized in hands on experiences. Feedback is given 
during all three distinct phases of problem solving to correct any disequilibrium 
students may have.  Eventually, students achieve automaticity due to continued 
practice.  
Keywords:  architectural lighting, cognitive strategies, lighting design, design 
problem solving and instructional design. 
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1 Introduction 

This paper discusses a pedagogical approach for teaching an architectural 
lighting design studio to third year Interior design students at the University of 
Oklahoma. Anderson’s ACT-R theory [1] is utilized to guide students through 
the process of learning about architectural lighting design. Anderson’s ACT-R 
theory [1] focuses on three stages of skill acquisition: cognitive, associative, and 
autonomous stages. These three stages offer implications for teaching a lighting 
studio and are analogous to stages employed in lighting design problem solving. 

2 Literature review 

2.1 Cognition and problem solving 

Early cognitivists offered many theories on how people solve problems. For 
example, Wallas [5] identified the following four stages in problem solving: 
preparation, incubation, inspiration, and verification. Likewise, Polya [6] 
suggested four stages which rely heavily on cognition: understanding the 
problem, devising a plan, carrying out the plan, and looking backward.  While 
early theorist focused mainly on explaining how people solve problems, 
contemporary theorist focus on cognitive strategies and information processes 
people use to solve problems.  
     Knowledge is a key component of information processing relevant to problem 
solving. Cognitive Psychologist identified two distinct types of knowledge: 
declarative and procedural. Anderson [2] notes “declarative knowledge is 
explicit knowledge which we can report and of which we are consciously aware” 
(p. 284). Procedural knowledge involves knowing how to execute tasks [2–4]. 
Anderson [2, p. 237] notes “human cognition is always purposeful, directed to 
achieving goals and to removing obstacles to those goals”.  Likewise, design 
problem solving involves solving problems and achieving client/user 
requirements. 

2.2 Anderson’s ACT-R theory 

ACT-R (Adaptive Control of Thought—Rational) [1] was developed by John 
Robert Anderson at Carnegie Mellon University. The basic premise is that 
cognitive tasks humans perform consist of a series of separate actions and 
procedures. ACT-R’s [1] main assumption is that knowledge can be classified as 
declarative and procedural. Declarative knowledge is factual knowledge i.e. 
knowledge of facts or how things are, while procedural knowledge is how to 
perform cognitive tasks. Anderson [2] notes “procedural knowledge is 
represented as productions or condition-action systems”. For example, the 
hypothesis is, if certain conditions apply, then perform certain action [2].  
     According to Anderson, procedural knowledge is acquired in three stages of 
skill development: cognitive, associative, and autonomous. The first stage, the 
cognitive stage represents the phase in which “subjects develop a declarative 
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encoding of the skill; that is; they commit to memory a set of facts relevant to the 
skill” [2].  The second stage, the associative stage results out of repeated 
practice. As a result of which performance becomes smoother and more rapid. 
This stage fosters practice which leads to proceduralization. As the procedure 
becomes more automated through practice, automaticity emerges in the 
autonomous stage.  

3 Process 

3.1 ACT-R general implications for teaching architectural lighting 

Anderson’s ACT-R general implications for teaching procedures are the 
following: 
     (i) Students must develop an accurate and elaborate declarative representation 
of the desired procedure (actions) and conditions under which it should be used; 
     (ii) Teaching can be accomplished using the expository or discovery methods. 
The expository method is teacher-centered instruction, while the discovery 
method occurs via discovery; 
     (iii) Feedback is an important component, because it fosters 
proceduralization; and, 
     (iv) Continued practice leads to automatization [2]. 
     The accompanying chart Table 1 summarizes the application of ACT-R 
theory [1] to teaching sustainable strategies in lighting in the fall 2008, 2009, and 
2010 lighting design studio. To apply these strategies in the lighting design 
studio in the first step, students are guided through the development of accurate 
and elaborative representation of lighting design principles. Examples of topics 
covered in lighting design studio to help students develop an accurate and 
elaborate representation in order to be able to design lighting systems include the 
following:  lighting basics, design process, lighting concepts, lighting plans, 
reflected ceiling plans, electrical plans, luminaire types, perception and 
psychological aspects, lamp characteristics, light sources and color, distribution, 
efficient light sources, efficacy, material efficiency, photometry, lighting 
controls, energy management, codes, USGBC LEED rating systems, light 
pollution credit, energy performance credits, etc. This information is developed 
using the expository method which involves teacher-centered instruction, using 
interactive presentation lecture formats, as well as field trips to lighting 
laboratories and showrooms to offer real life context for students. Additional 
emphasis is placed on teaching students how lighting design plays a significant 
role in minimizing the impact on the environment.  
     For example, Winchip [7, p 284] notes “Sustainable design is a concept that 
focuses on products and processes that protect the environment and conserve 
energy for future generations. Whenever possible, lighting specifications should 
reflect the principles embodied in sustainable design. This involves selecting 
lighting systems that conserve energy and comply with standards, codes, and 
regulations”.   
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Table 1:  Anderson ACT-R general implications for teaching lighting 
design. 

 
 

     In the second step, exercises where students learn by discovery are integrated. 
The discovery method is emphasized in hands-on experiences, some of which 
include a lighting analysis project, a store lighting design, a fixture design 
competition project, and a service learning community service project. In the 
lighting analysis project, student document and analyze three spaces in the 
vicinity: a store, an office space and a gallery space. In each space, student 
identify the different layers of lighting, types of luminaire, brightness hierarchy, 
concept, architectural opportunities and constraints, integration of lighting with 
2D and 3D design elements, composition, quality, color, controls, sustainable 
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Table 1: Continued. 
 

 
 
strategies implemented and user satisfaction. Students document these criteria 
using photographs, sketches, images, and plans. In the store lighting design 
project, students design the lighting and display space for a contemporary brand 
name store in a metropolitan airport. Students’ proposals are required to 
emphasize sustainable issues through using the different layers of lighting, 
brightness hierarchy, architectural opportunities, composition, quality, color, 
controls, and the integration of lighting solution with 2D and 3D design elements 
in the space (Figures 1 and 2). In the light fixture design, students are required to 
emphasize originality, creativity and energy efficiency in the design of a full 
scale model of a light fixture (Figure 3). In a final project, usually a service 
learning or a community service real life project, students emphasis sustainable 
issues in their solutions. 
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Figure 1: Store lighting design project by Katya Yarominak, cooper lighting 
source award of recognition April 2010. 

 
     The three distinct phases utilized in lighting design problem solving are 
information gathering and programming, design concept and design 
development. The information gathering and programming phase involves an 
analysis of owner and design team preferences, architectural opportunities and 
constraints, visual and perceptual needs, photometric considerations, security 
issues, budget, energy code requirements, sustainable strategies, and 
maintenance considerations. The requirement at this phase is a concise program.  
     In the design concept phase, students develop their concepts to provide an 
appropriate quality of light for visual tasks performed, respond to psychological 
needs of the users, and enhance architectural design features. In the design 
development phase, students develop their final design options as presentation 
drawings and schedules which include lighting layout, details, renderings, and 
specifications. Feedback is given during all three distinct phases of problem 
solving in all four projects. This feedback helps to correct any disequilibrium 
students may have. Disequilibrium is a state of misconception or misinformation. 
Finally, students achieve automaticity through continued practice as they 
complete the lighting design projects and advance to upper levels courses.  
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Figure 2: Store lighting design project by Lindsay rule. 
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Figure 3: Fixture design, 1st place winning entry in 2008 Luraline fixture 
design competition by Marissa Gomez. 

4 Conclusion 

This paper illustrates how students acquire design skills in an architectural 
lighting design studio through the utilization of Anderson’s ACT-R theory [1] in 
the instructional process. Using Anderson’s ACT-R theory [1] in the 
instructional process for this lighting design studio has been very effective 
because since 2008, projects from the lighting design studio have won national 
design competition and have been widely disseminated. For example, student 
work from the fall 2008 lighting studio was published in an article titled 
“Branding with Light-Interior Design Students at University of Oklahoma 
propose distinctive illuminated Store plans” in April 2009. In May 2008, Marissa 
Gomez won 1st place nationally in the Luraline fixture design competition. The 
jurors commended her innovative use of sustainable materials and energy 
efficient lamp sources in her design solution. In April 2010, Katya Yarominak 
won a Cooper lighting Source Award of recognition for her store lighting design 
project.  
     While architectural lighting is a vast topic, ACT-R theory [1] can effectively 
help design students gain a better understanding of lighting systems and help 
them become better designers. Future direction of this research will aim at 
including more student meta-cognitive strategies such as self-regulation or self-
monitoring in the process since Anderson’s ACT-R [1]  procedure is very 
systematic and procedural. 
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