
Annex 1 

(All reviewed studies are fully cited in Tables 1 and 2. In the subsequent tables, these studies are referenced as needed, but their full 

citations remain available in Tables 1 and 2) 

 

1. Initial analysis 

The methodology used in this research is twofold. Initially, a general systematic review was conducted, aiming to investigate studies 

and research activities that examine the convergence of three pivotal terms: 'movement,' 'daylighting,' and 'architecture.' 'Movement' in 

architecture referred to the physical actions of users or occupants within a built space, while 'daylighting' in this context denoted the 

behavior of sunlight within a building and the resulting dynamic patterns it created daily, seasonally, or annually. Consequently, this 

review focuses on human responses to daylighting conditions in space, which can also be seen as user activities influenced by 

daylighting patterns. To ensure precision and comprehensiveness, the term “activity” was introduced as an alternative to “movement” 

in the search strategy (Fig. 1). It's essential to note that the choice of keywords for Scopus and Web of Science differed, aiming to 

obtain more precise and refined results (refer to phase 1 in Fig. 1). Furthermore, the selection of these keywords for review was guided 

by their frequent occurrence in discussions of movement within the relevant literature, as identified through a thorough scan of the 

topics, abstracts, and keywords in the primary search results. To elaborate further, two different search strategies but with main similar 

keywords have been applied to conduct the systematic review. The search strategy in the WOS database includes extra keywords such 

as ‘behavior’, and ‘space. In addition, instead of ‘movement pattern’, ‘physical activity’, ‘daylighting patterns’, and ‘building’ in 

Scopus database, the terms ‘human movement, ‘occupant activity’, ‘sunlight’, and ‘interior’ has been used in WOS data base. The 

reason to apply a slightly different search strategy other than the one in Scopus database was to not only narrow down the vast amount 

and sometimes irrelevant results, but also to add variety to the sources of the study.  

 



 

Fig. 1. The first systematic review approach involved multiple screening phases. In Phase 1, the screening was conducted by reviewing 

only the title and abstract of each paper. Phases 2 and 3 employed skim-reading for a more detailed assessment, while Phase 4 utilized 

scan reading techniques for an in-depth evaluation. 



Table 1. References in Scopus database. Red and purple colors indicate irrelevant papers to the scope of review. Blue color is for the 

results that have analyzed a form of movement in the methodology section. Black color is for relevant results (the word ‘relevant’ is 

added to the bottom of the reference to emphasize on the relevancy) 

Reference  Criteria for inclusion/exclusion 

1. Pandya, S. V., & Brotas, L. (2014, December). Tall buildings and 

the urban microclimate in the city of London. In 30th international 

PLEA conference (pp. 1-8). 

In a study on tall buildings and urban bioclimates, 

daylight availability and overshadowing, and 

vehicular & pedestrian movements 

and activity patterns at street levels among 4 other 

environmental factors were studied 

2. Ratajczak, K., Bandurski, K., & Płóciennik, A. (2022). 

Incorporating an atrium as a HAVC element for energy 

consumption reduction and thermal comfort improvement in a 

Polish climate. Energy and Buildings, 277, 112592. 

Relevant 

Attractiveness of a central atrium for a social 

meeting place 

3. Huang, T. Y., Huang, P. Y., & Tsai, H. Y. (2022). Automatic design 

system of optimal sunlight-guiding micro prism based on genetic 

algorithm. Developments in the Built Environment, 12, 100105. 

Relevant  

Sunlight-guiding micro prism based on the user’s 

location 

4. Arango-Díaz, L., Hernandez, Y. A., Gallego, H. W., & Piderit-

Moreno, M. B. (2022). Differences in perception of daylighting 

sufficiency related to the geographical location in the context of 

university classrooms. Journal of Green Building, 17(2), 181-209. 

 

differences in perception of daylighting sufficiency to 

perform typical reading and writing activities in cities 

with different latitudes  

5. Koohsari, A. M., & Heidari, S. (2022). Subdivided venetian blind 

control strategies considering visual satisfaction of occupants, 

daylight metrics, and energy analyses. Energy and Buildings, 257, 

111767. 

Relevant  

the positions of the occupants and their activities 

were determined to be important parameters in 

deciding the most suitable blind strategy 

6. Fu, Y., Wu, Y., Gao, W., & Hui, R. (2022). The Effect of Daylight 

Illumination in Nursing Buildings on Reading Comfort of Elderly 

Persons. Buildings, 12(2), 214. 

Reading behavior of elders in nursing buildings  

7. Sepulveda-Gil, G., Gonzalez-Trevizo, M., & Garcia-Gonzalez, A. 

(2022, July). Design of passive protection elements in buildings 

through the implementation of generative design. In 2022 7th 

International Conference on Smart and Sustainable Technologies 

(SpliTech) (pp. 1-4). IEEE. 

correct development of activities in interior spaces 

8. Jens, K., & Khoudi, A. (2022). Using computer-vision sensors to 

study the impact of window views on occupancy and self-assessed 

productivity in flexible working environments: an intervention 

study. Intelligent Buildings International, 1-13. 

post-occupancy data. user experiences and human 

behaviour 

9. Fakhari, M., Fayaz, R., & Asadi, S. (2021). Lighting preferences in 

office spaces concerning the indoor thermal environment. Frontiers 

of Architectural Research, 10(3), 639-651 

Relevant  

Satisfaction with lighting level and the type of 

activity  

10. Parigi, D. (2021). The Parigi mechanism: A novel 1-DOF 

mechanism and its application as a kinetic reciprocal system (KRS) 

adaptive facade. Nexus Network Journal, 23(3), 629-646. 

Movement of louvre 

11. Yang, H., Guo, B., Shi, Y., Jia, C., Li, X., & Liu, F. (2021). Interior 

daylight environment of an elderly nursing home in 

Beijing. Building and Environment, 200, 107915. 

activity spaces, satisfaction with daylit environment 

12. Zhang, T., Baasch, G., Ardakanian, O., & Evins, R. (2021, June). 

On the joint control of multiple building systems with 

reinforcement learning. In Proceedings of the Twelfth ACM 

International Conference on Future Energy Systems (pp. 60-72). 

building simulator that generates traces for 

the movement of occupants. Occupancy data 

13. Lee, D., Cho, Y. H., & Jo, J. H. (2021). Assessment of control 

strategy of adaptive façades for heating, cooling, lighting energy 

conservation and glare prevention. Energy and Buildings, 235, 

110739. 

movable shading device 

14. Ahmed, E. B. (2021). Utilizing dynamic shading system to achieve 

daylight performance according to LEED standards V. 4: case 

Shades movement  



study, university classrooms in Egypt. HBRC Journal, 17(1), 177-

200. 

15. Zeibo, J., Mishra, M. K., Panda, A. R., Mishra, B. S. P., & Mallick, 

P. K. (2021). Pedestrian Trajectory Prediction in Crowd Scene 

Using Deep Neural Networks. In Advances in Power Systems and 

Energy Management: Select Proceedings of ETAEERE 2020 (pp. 

277-288). Springer Singapore. 

 tracking the movements of humans in a crowd 

16. Kristo, S., & Kristo, X. (2021). Architectural Atmospheres: From 

Interior Towards Exterior. In Handbook of Research on 

Methodologies for Design and Production Practices in Interior 

Architecture (pp. 343-367). IGI Global. 

Architectural atmospheres  

17. Hosseini, S. M., Mohammadi, M., Schröder, T., & Guerra-Santin, 

O. (2020). Integrating interactive kinetic façade design with 

colored glass to improve daylight performance based on occupants’ 

position. Journal of Building Engineering, 31, 101404. 

 kinetic façades, triggered by sun timing and 

occupants' positions 

18. HARERI, R., & ALAMA, A. (2020). Lighting Design in Two 

Mosque Typologies in the City of Jeddah, Saudi Arabia. WIT 

Transactions on The Built Environment, 197, 125-137. 

use of light in the mosque’s interior, and the essential 

impact this has on psychological, physiological, and 

behavioural responses 

19. Samadi, S., Noorzai, E., Beltrán, L. O., & Abbasi, S. (2020). A 

computational approach for achieving optimum daylight inside 

buildings through automated kinetic shading systems. Frontiers of 

Architectural Research, 9(2), 335-349. 

3d and 2d movement of the shading system 

20. Flores-Villa, L., Unwin, J., & Raynham, P. (2020). Assessing the 

impact of daylight exposure on sleep quality of people over 65 

years old. Building Services Engineering Research and 

Technology, 41(2), 183-192. 

Relevant  

how daylight exposure affects people in terms of 

Physical activities and sleep quality 

21. Wu, Y., Kämpf, J. H., & Scartezzini, J. L. (2019). A survey study of 

occupants? visual satisfaction on an automated venetian blind 

based on sky luminance monitoring and lighting simulation. 

In Proceedings of the ISES Solar World Congress 2019 and IEA 

SHC International Conference on Solar Heating and Cooling for 

Buildings and Industry (pp. 685-692). 

Shading device movement  

22. Nasybullina, R., Slastenin, P., & Fadeev, A. (2019). Designing 

lightspace in contemporary architecture. In E3S Web of 

Conferences (Vol. 110, p. 01013). EDP Sciences. 

Relevant  

Lightspace design with time modeling (light 

dynamics, and movement of people in place) 

23. Ergan, S., Radwan, A., Zou, Z., Tseng, H. A., & Han, X. (2019). 

Quantifying human experience in architectural spaces with 

integrated virtual reality and body sensor networks. Journal of 

Computing in Civil Engineering, 33(2), 04018062. 

Relevant  

The study of Human experience in architectural space 

according to the design features such as the existence 

of daylight. Methods used are the fusion of VE with 

biometric sensors. Previously, the experience of 

architecture and daylight have been measured 

qualitatively based on Evidence-Based Design (EBD) 

by Post-Occupancy Evaluation (POE) including 

photograph documentation, interview, observation.  

24. Nezamdoost, A., Mahic, A., & Van Den Wymelenberg, K. (2018, 

October). A human factors study to update a recently proposed 

manual blind use algorithm for energy and daylight simulations. 

In IECON 2018-44th Annual Conference of the IEEE Industrial 

Electronics Society (pp. 789-794). IEEE. 

Relevant  

User behavior and blind movement 

25. Naboni, E., Ricci, A., Ponzo, C., & Gaspari, J. (2018). 

Development of an Adaptive Passive Façade: A replicable approach 

for managing multiple design solutions. In Smart and Healthy 

Within the Two-Degree Limit (pp. 353-358). 

Louvre movement  

26. Fieldson, R., & Sodagar, B. (2017). Understanding user satisfaction 

evaluation in low occupancy sustainable 

workplaces. Sustainability, 9(10), 1720. 

post-occupancy evaluation (POE) and user satisfaction  

27. Choi, S. J., Lee, D. S., & Jo, J. H. (2017). Lighting and cooling 

energy assessment of multi-purpose control strategies for external 

movable shading devices by using shaded fraction. Energy and 

Buildings, 150, 328-338. 

Shading device movement  



28. Gao, Y., Dong, J., Isabella, O., Zeman, M., & Zhang, G. Q. (2017, 

November). Daylighting simulation and analysis of buildings with 

dynamic photovoltaic window shading elements. In 2017 14th 

China International Forum on Solid State Lighting: International 

Forum on Wide Bandgap Semiconductors China (SSLChina: 

IFWS) (pp. 52-55). IEEE. 

Dynamic photovoltaic window with shading devices  

29. Jamaludin, A. A., Hussein, H., Keumala, N., & Ariffin, A. R. M. 

(2017). Post occupancy evaluation of residential college building 

with bioclimatic design strategies in tropical climate condition of 

malaysia. Jurnal Teknologi, 79(4). 

Post occupancy evaluation and living behavior  

30. Grobman, Y. J., Capeluto, I. G., & Austern, G. (2017). External 

shading in buildings: comparative analysis of daylighting 

performance in static and kinetic operation scenarios. Architectural 

science review, 60(2), 126-136. 

different dynamic louver movement scenarios  

31. Manurung, P. (2017). Daylighting and architectural concept of 

traditional architecture: The Tongkonan in Toraja, Indonesia. A| Z 

ITU Journal of the Faculty of Architecture, 14(1), 111-126. 

 needs of functions and activities in the design of 

traditional daylighting  

32. Kaiwen, C., Kumar, A., Xavier, N., & Panda, S. K. (2016, 

November). An intelligent home appliance control-based on WSN 

for smart buildings. In 2016 IEEE International Conference on 

Sustainable Energy Technologies (ICSET) (pp. 282-287). IEEE. 

Relevant  

 Adjustable daylighting to the occupant's activity based 

needs 

33. Antonis, K., & Aris, T. (2017). The impacts of a dynamic sunlight 

redirection system on the energy balance of office 

buildings. Energy Procedia, 122, 38-43. 

Daylighting system with movable mirrors and the 

capability of tracking the movement of the sun to 

project the natural light deep into space. 

34. Adam, M., Ab Ghafar, N., & Mustapha, T. (2016). An Investigation 

of the Significant Criteria of Vegetation Selection and Planting 

Arrangement in Designing Urban Nodes. Journal of Design and 

Built Environment, 16(2). 

Relevant  

Daylight intensity and human and pedestrian activity 

35. Liu, J., Zhang, W., Chu, X., & Liu, Y. (2016). Fuzzy logic 

controller for energy savings in a smart LED lighting system 

considering lighting comfort and daylight. Energy and 

Buildings, 127, 95-104. 

smart LED lighting system is installed can regulate 

lighting output automatically based on users' 

movements  

36. Xiong, J., & Tzempelikos, A. (2016). Model-based shading and 

lighting controls considering visual comfort and energy use. Solar 

Energy, 134, 416-428. 

Model based shading strategy in terms of frequency of 

shade movements and two other criteria. 

37. Guan, Y., & Yan, Y. (2016). Daylighting Design in classroom based 

on yearly-graphic analysis. Sustainability, 8(7), 604. 

Relevant  

Energy saving design based on the human activity and 

occupancy time as well as the dynamics of daylight and 

movement of the sun. 

38. Afacan, Y., & Demirkan, H. (2016). The influence of sustainable 

design features on indoor environmental quality satisfaction in 

Turkish dwellings. Architectural Science Review, 59(3), 229-238. 

Relevant  

Satisfaction evaluation of the occupants with daily 

living activities as one of the parameters showed that 

light dimmers and control of daylighting systems 

through operable windows have high impacts on the 

satisfaction level 

39. Figueiro, M. G., & Rea, M. S. (2016). Office lighting and personal 

light exposures in two seasons: Impact on sleep and mood. Lighting 

Research & Technology, 48(3), 352-364. 

Relevant  

Circadian dark-light and Activity-rest patterns 

relative to daylight availability in the space in two 

different seasons.   

40. Uriarte, U., Hernández, R. J., Zamora, J. L., & Isalgue, A. (2016). 

Side-view atmospheres under outdoor midday high 

luminance. Buildings, 6(4), 53. 

The studied fully glazed façades tend to provide 

fraught side-view atmospheres. 

41. Das, A., & Paul, S. K. (2015). Artificial illumination during 

daytime in residential buildings: Factors, energy implications, and 

future predictions. Applied Energy, 158, 65-85. 

Relevant  

The daytime artificial light requirements could be 

based on factors such as occupant behavior and daily 

activity schedule 

42. Darula, S., Christoffersen, J., & Malikova, M. (2015). Sunlight and 

insolation of building interiors. Energy Procedia, 78, 1245-1250. 

Quality of indoor environment and stimulation of 

human activity related to higher levels of illuminance 

in daylight design of buildings   

43. Park, S., Byun, J., Kang, B., Jeong, D., Lee, B., & Park, S. (2015). 

Design of an Energy-Aware LED Light System (EA-LLS) for 

Energy Saving and User Satisfaction through Daylight, Space and 

Introduction of an energy aware LED light system to 

improve user satisfaction based on the analysis of the 



User Movement Analysis in Buildings. IEICE TRANSACTIONS on 

Information and Systems, 98(10), 1861-1865. 

Relevant  

sun's position, the user's movement, and other 

environmental factors  

44. Wanas, A., Aly, S., Farghal, A., & El-Dabaa, R. (2015). Use of 

Kinetic Facades to Enhance Daylight Performance in Office 

Buildings with Emphasis on Egypt Climate. J. Eng. Appl. Sci, 62, 

339-361. 

Enhancement of daylight performance by the use of 

kinetic façade that suggests an optimum 

hourly pattern for louvers movement 

45. Kamaruzzaman, S. N., Edwards, R., Zawawi, E. M. A., & Che-Ani, 

A. I. (2015). Achieving energy and cost savings through simple 

daylighting control in tropical historic buildings. Energy and 

Buildings, 90, 85-93. 

Relevant  

The relationship of lighting consumption and the 

activity of occupants and the use of daylight inside a 

building.  

46. Fantauzzi, F., Belardi, P., Asdrubali, F., Schiavoni, S., & Sambuco, 

S. (2015). Integrated performance simulation of an innovative net 

zero energy modular building. Building Simulation Applications, 

2nd IBPSA-Italy Conference Bozen-Bolzano. 

Experiments with shipping container houses with 

movable furniture to provide different domestic 

activities during the day and contribution of 

daylighting. This experiments were conducted to 

propose net zero energy modular building design. 

47. Saranti, A., Tsoutsos, T., & Mandalaki, M. (2015). Sustainable 

energy planning. Design shading devices with integrated 

photovoltaic systems for residential housing units. Procedia 

Engineering, 123, 479-487. 

Comparing the daylight analysis value with human’s 

comfort view of outside and the required energy to 

optimize the comfort in combination with the energy 

generated and the best suited space for the everyday 

activities.  

48. Zhou, X., Yan, D., Hong, T., & Ren, X. (2015). Data analysis and 

stochastic modeling of lighting energy use in large office buildings 

in China. Energy and Buildings, 86, 275-287. 

Relevant  

lighting energy use influenced by occupant behavior 

in buildings. 

 dynamics of lighting energy use in buildings model 

for large office buildings was further developed to 

represent diverse occupant activities, at six different 

time periods throughout a day 

automatic daylighting controls 

49. Jin-gang, J., Yong-de, Z., & Shu, Z. (2014). Implementation of 

glass-curtain-wall cleaning robot driven by double flexible 

rope. Industrial Robot: An International Journal, 41(5), 429-438. 

Movement strategy of a cleaner robot for cleaning the 

glass-curtain-wall 

50. Carlos, J. S., & Martins, A. M. (2014). Daylight in a Cistercian 

heritage church in Lisbon, from rural to urban context. Journal of 

Green Building, 9(3), 116-130. 

Relevant  

Activities in a church and daylight conditions  

51. Mavromatidis, L. E., Marsault, X., & Lequay, H. (2014). Daylight 

factor estimation at an early design stage to reduce buildings' 

energy consumption due to artificial lighting: A numerical 

approach based on Doehlert and Box–Behnken 

designs. Energy, 65, 488-502. 

Estimation of daylight factor with regression models 

concerning the reduction of the use of artificial lighting 

(due to energy consumption) and supply of natural 

light for internal human activities and working. 

52. Pandya, S. V., & Brotas, L. (2014, December). Tall buildings and 

the urban microclimate in the city of London. In 30th international 

PLEA conference (pp. 1-8). 

In a study on tall buildings and urban bioclimates, 

daylight availability and overshadowing, and 

vehicular & pedestrian movements 

and activity patterns at street levels among 4 other 

environmental factors were studied 

53. Chaudhary, G., and Jain, T. (2014). Impact and feasibility analysis 

of an alternate illumination strategy to cut down on energy loads. 

2014 International Conference on Efficient Building Design: 

Materials and HVAC Equipment Technologies, ICEBD-MET 2014, 

Pages 149 – 155. 

 

improving illumination in workspaces to increase 

productivity and psychological health with natural 

light. A heliodon was used to replicate the movement 

of the sun 

54. Parise, G., Martirano, L., & Cecchini, G. (2013). Design and 

energetic analysis of an advanced control upgrading existing 

lighting systems. IEEE Transactions on Industry 

Applications, 50(2), 1338-1347. 

Relevant  

Lighting control system regulating the lights 

according to the actual presence of activities and the 

actual availability of daylighting. 

55. Aghemo, C., Blaso, L., & Pellegrino, A. (2014). Building 

automation and control systems: A case study to evaluate the 

energy and environmental performances of a lighting control 

system in offices. Automation in Construction, 43, 10-22. 

For managing the energy consumption Lighting 

control systems are developed based on the 

occupancy of the space and daylight strategies. In 

their research they evaluated the system regarding the 

potential energy savings by considering the two 

https://www-1scopus-1com-1000004v7005d.han.bg.pg.edu.pl/sourceid/21100866692
https://www-1scopus-1com-10000045u0057.han.bg.pg.edu.pl/sourceid/21100403417
https://www-1scopus-1com-10000045u0057.han.bg.pg.edu.pl/sourceid/21100403417


parameters of monitored annual electric energy 

consumption and the parasitic energy consumption 

because of the electric devices.  

56. Andersen, M., Gochenour, S. J., & Lockley, S. W. (2013). 

Modelling ‘non-visual’effects of daylighting in a residential 

environment. Building and Environment, 70, 138-149. 

Relevant  

In this study human movement is considered as a 

factor for studying human circadian system 

synchronization according to the amount of available 

daylight due to the housing design. 

57. Ámundadóttir, M. L., Lockley, S. W., & Andersen, M. (2013). 

Simulation-based evaluation of non-visual responses to daylight: 

proof-of-concept study of healthcare re-design. In BS 2013: 13th 

International Conference of the International Building 

Performance Simulation Association (No. CONF). 

Relevant  

‘Appropriately-timed light exposure’ is considered to 

be effective in the stimulation of alertness and 

performance which could be referred to as the 

’dynamic behavior’ of the non-visual system.  For 

the evaluation of daylighting performance, a 

simulation-based framework is proposed to study the 

influence of the occupant’s movements and activities 

on simulation results from light pattern generation 

methods. 

58. Korolija, I., Marjanovic-Halburd, L., Zhang, Y., & Hanby, V. I. 

(2013). UK office buildings archetypal model as methodological 

approach in development of regression models for predicting 

building energy consumption from heating and cooling 

demands. Energy and Buildings, 60, 152-162. 

Occupancy density and metabolic rate are studied as 

activity-related parameters along with daylight and 

solar control measures in energy performance 

simulation. 

59. Chiogna, M., Frattari, A. (2013). Lighting control system: Energy 

efficiency and users' behavior in office buildings. Building 

Simulation Applications. Volume 2013-January, 1st IBPSA Italy 

ConferenceBozen-Bolzano, Pages 131 – 139. 

Relevant  

 

Automation scenarios of lighting control systems that 

incorporate user behavior are studied for establishing 

a realistic baseline of the actual lighting energy 

consumption.  

60. Janečková, L., Bošová, D. (2013). Daylight in interiors. Structures 

and Architecture: Concepts, Applications, and Challenges - 

Proceedings of the 2nd International Conference on Structures and 

Architecture, ICSA 2013, Pages 971 – 975.  

Providing visual comfort for the user is subject to 

proper visual activity inside the interior because of the 

uniformity of daylighting and daylight factor  

61. Nute, K., Weiss, A., Kaur-Bala, J., & Marrocco, R. (2013). The 

animation of the weather as a means of sustaining building 

occupants and the natural environment. Int. J. Environ. Sustain, 8, 

27-40. 

In some sources, the animated movement of natural 

elements like daylighting is studied. wind-animated 

indoor daylighting is proven to have a calming effect 

on the occupants, but at the same time, the natural 

movements would act to get the level of occupant’s 

alertness lower.  

62. Wyns, B., Ionescu, C., Neamtu, D., De Keyser, R., De Maeyer, J., 

& Michielssens, M. (2012, May). An efficient closed loop control 

system to follow, capture and redirect daylight. In 2012 13th 

International Conference on Optimization of Electrical and 

Electronic Equipment (OPTIM) (pp. 1058-1064). IEEE. 

tracking the behavior of a closed-loop control 

system to follow, capture and redirect daylight has 

been studied. 

63. Dixit, M. K., & Yan, W. (2012). BIPV prototype for the solar 

insolation calculation. In ISARC. Proceedings of the International 

Symposium on Automation and Robotics in Construction (Vol. 29, 

p. 1). IAARC Publications. 

Building Integrated Photovoltaic (BIPV) movement 

according to the time and location information for the 

solar insolation calculation. 

64. Van Den Wymelenberg, K. (2012). Patterns of occupant interaction 

with window blinds: A literature review. Energy and buildings, 51, 

165-176. 

Relevant  

Patterns of occupant interaction with window blinds: 

A literature review 

 

65. Sakarellou-Tousi, N., Lau, B. (2011). The visual environment in the 

vernacular dwellings at Mount Pelion, Greece. PLEA 2011 - 

Architecture and Sustainable Development, Conference 

Proceedings of the 27th International Conference on Passive and 

Low Energy Architecture, 13 July 2011 through 15 July 2011, 

Pages 849 – 854,  

Investigation of the correlation between ‘seasonal 

migratory living patterns’, ‘occupant’s social activity 

background’, and the ‘quest for light’.  

Sunlight and daylight behavior availability and 

behavior are investigated inside the building.  

66. Wang, N., & Boubekri, M. (2011). Design recommendations based 

on cognitive, mood and preference assessments in a sunlit 

workspace. Lighting Research & Technology, 43(1), 55-72. 

Relevant  

Changing the daylighting design guidelines to include 

human activity as a key design criterion as another 

physical parameter. This human activity is investigated 

as ‘occupants' emotional, attitudinal, and cognitive 

responses to various sunlight conditions. 

https://www-1scopus-1com-10000041l003a.han.bg.pg.edu.pl/sourceid/21100866692
https://www-1scopus-1com-10000041l003a.han.bg.pg.edu.pl/sourceid/21100866692
https://www-1scopus-1com-10000041l005c.han.bg.pg.edu.pl/sourceid/21100267907
https://www-1scopus-1com-10000041l005c.han.bg.pg.edu.pl/sourceid/21100267907
https://www-1scopus-1com-10000041l005c.han.bg.pg.edu.pl/sourceid/21100267907
https://www-1scopus-1com-10000041l005c.han.bg.pg.edu.pl/sourceid/21100267907
https://www-1scopus-1com-1000004050044.han.bg.pg.edu.pl/sourceid/21100206201
https://www-1scopus-1com-1000004050044.han.bg.pg.edu.pl/sourceid/21100206201
https://www-1scopus-1com-1000004050044.han.bg.pg.edu.pl/sourceid/21100206201
https://www-1scopus-1com-1000004050044.han.bg.pg.edu.pl/sourceid/21100206201


67. Bellazzi, A. (2010). Regulation and Control of Indoor Environment 

Daylight Quality-A Case Study. In COBRA 2010-Construction, 

Building and Real Estate Research Conference of the Royal 

Institution of Chartered Surveyors. 

Establishment of the minimum luminance value 

correlated to specific activities. 

68. Yunus, J., Ahmad, S. S., & Zain-Ahmed, A. (2010, December). 

Analysis of atrium's architectural aspects in office buildings under 

tropical sky conditions. In 2010 International Conference on 

Science and Social Research (CSSR 2010) (pp. 536-541). IEEE. 

 

Improvement of daylight performance in atrium 

office typologies by consideration of atrium 

usage/activity among two other parameters of study.  

69. Wilke, D. A. (2010). Research low to zero net energy building. 

39th ASES National Solar Conference 2010, SOLAR 2010, 

Volume 7, 17 May 2010 through 22 May 2010, Pages 5599 – 5623.  

Development of a basis for low to zero net energy 

building in which ‘Lighting control employs 

daylight and movement sensors with task lighting’. 

70. Dubois, C., Demers, C., & Potvin, A. (2009). Daylit spaces and 

comfortable occupants: A variety of luminous ambiences in support 

of a diversity of individuals. In Proceedings of the PLEA. 

Relevant  

Study of the luminous condition of a real space, and the 

perceived comfort by the users through behavior 

mapping, written surveys, photography and digital 

image analysis. 

71. Wang, N., & Boubekri, M. (2009). A PROPOSAL FOR A 

BEHAVIORAL APPROACH TO DAYLIGHTING DESIGN. Light 

& Engineering, 17(1). 

Relevant  

“how daylighting affects our behavior and how 

architects might design accordingly.” 

This research is about the study of user’s reactions to 

the luminous space and adjustment of their activities 

accordingly. 
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Study of the building façade cladding movement 

129. Şenyı̇ğı̇t, V., & Memduhoğlu, H. B. (2020). End-user preferences in 

school design: A qualitative study based on student 

perspective. Building and Environment, 185, 107294. 

Student preferences in the design of classrooms are 

determined as brightness (daylight) and spaciousness, 

density (the number of students), flexibility and 

functionality. In addition, variety in the geometrical 

structures of the width of the corridors, sitting areas, 

and stairs are determining factors in pupil’s 

preferences. These variables could define the activities 

of the students in the space and in a way related to the 

experience of movement. 

130. Guy, J. H., Rowlinson, P., Chadwick, J. P., & Ellis, M. (2002). 

Behaviour of two genotypes of growing–finishing pig in three 

different housing systems. Applied Animal Behaviour 

Science, 75(3), 193-206. 

The behavior of pigs during indoor daylight hours in 

terms of spending time for moving. 

131. Martirano, L. (2014, May). A sample case of an advanced lighting 

system in an educational building. In 2014 14th International 

Conference on Environment and Electrical Engineering (pp. 46-

51). IEEE. 

The study of the control of lighting according to the 

actual presence of activities and daylight availability 

in educational buildings  

132. Amorim, C. N. D., Vasquez, N. G., Matusiak, B., Kanno, J., Sokol, 

N., Martyniuk-Peczek, J., ... & Waczynska, M. (2022). Lighting 

conditions in home office and occupant’s perception: An 

international study. Energy and Buildings, 261, 111957. 

Cultural difference would affect the custom of using 

lighting in home offices and the way lighting is 

perceived. 

133. Filippín, C., Marek, L., Larsen, S. F., & Lesino, G. (2007). An 

energy efficient school for a nature disposed population in arid 

lands of central Argentina. Journal of building physics, 30(3), 241-

260. 

Passive design strategy of daylighting according to the 

measured metabolic rate as one parameter of ISO 

7730 standard for an energy efficient school. 

134. Shepperson, M. (2009). Planning for the sun: urban forms as a 

Mesopotamian response to the sun. World archaeology, 41(3), 363-

378. 

The study of the Mesopotamian ancient urban forms 

according to the meaningful presence of daylight in 

the environment and the serious limitation of human 

activity by the strong daylighting. 

135. De Freitas, C. R. (2015). Weather and place-based human behavior: 

recreational preferences and sensitivity. International journal of 

biometeorology, 59, 55-63. 

The study of the beach user behavior according to the 

atmospheric condition during the daylight hours  

136. Lee, D., Cho, Y. H., & Jo, J. H. (2021). Assessment of control 

strategy of adaptive façades for heating, cooling, lighting energy 

conservation and glare prevention. Energy and Buildings, 235, 

110739. 

The study of shading control strategy and movable 

shading devices. 

137. Vigo, D. E., Ogrinz, B., Wan, L., Bersenev, E., Tuerlinckx, F., Van 

den Bergh, O., & Aubert, A. E. (2012). Sleep-wake differences in 

heart rate variability during a 105-day simulated mission to 

Mars. Aviation, space, and environmental medicine, 83(2), 125-

130. 

The evaluation of autonomic activities to study sleep-

wake cycle (rest-activity pattern) in confined 

environment by the consideration of daylight 

exposure in simulated outer space missions. 



138. Zhang, X., Tang, B., Chen, XD., Dong, Y. (2022). Research 

methods and progress of human factors in architectural lighting. 

Chinese Science Bulletin, Volume 67, Issue 16: 1771 – 1782. 

https://doi.org/10.1360/TB-2022-0144 

Architectural lighting research according to human 

factors (such as physiological measurements, 

psychological measurements, behavior measurements, 

and performance evaluation) and the characteristics 

of dynamic daylight by the consideration of visual and 

non-visual effects of daylighting 

139. de Montigny, L., Ling, R., & Zacharias, J. (2012). The effects of 

weather on walking rates in nine cities. Environment and 

Behavior, 44(6), 821-840. 

Relevant  

Research on the amount of walking occurring in each 

locale in relationship with the weather condition and 

sunlight was conducted by observing the walking rate 

of the pedestrians by observation through web-based 

cameras and air temperatures obtained from stations. 

140. Stryker, J. A., Atkinson, J. L., Brown, R. D., Barney, D., Robinson, 

J. A. B., Duncan, J., & Finegan, E. J. (2019). Behavioral repertoire 

assessment of Bengal tigers (Panthera tigris) with focus on 

thermoregulatory behavior. International Journal of 

Biometeorology, 63, 1369-1379. 

Thermoregulatory behavior and shade use in the 

captive tigers during sunlight hours 

141. Krüger, E. L., Piaskowy, N. A., Moro, J., & Minella, F. O. (2019). 

Identifying solar access effects on visitors’ behavior in outdoor 

resting areas in a subtropical location: a case study in Japan Square 

in Curitiba, Brazil. International journal of biometeorology, 63, 

301-313. 

The study of the behavioral adaptations of the 

visitors and the use of resting areas in city squares in 

regard to the daylight availability in sitting areas by 

time-lapse photography   

142. Soh, C. K., Christopoulos, G., Roberts, A., & Lee, E. H. (2016). 

Human-centered development of underground work 

spaces. Procedia Engineering, 165, 242-250. 

The study of the development of underground 

workspaces to promote wellbeing, and willingness to 

work by the consideration of lack of exposure to 

outdoor environment and following sunlight as a part 

of human-centered design. 

143. Chang, D. D., Storch, E. A., Black, L., Berk, M., Pellis, N., 

Lavretsky, H., ... & Eyre, H. A. (2020). Promoting tech transfer 

between space and global mental health. Aerospace Medicine and 

Human Performance, 91(9), 737-745. 

In a study on mental health during long-duration 

spaceflight and missions by considering different 

sunlight exposure length among confinement and 

microgravity, physical activity focused mental health 

has been cited.  

144. Chias, P., Abad, T., & Fernández-Trapa, L. (2022). Light and 

Architecture: Mannerist Devices in the Monastery of San Lorenzo 

de El Escorial. In Architectural Graphics: Volume 2-Graphics for 

Knowledge and Production (pp. 175-185). Cham: Springer 

International Publishing. 

The study of architectural artifices belonging to the 

Mannerist architecture period designed for natural 

lighting to run daily activities in indoor areas. 

145. Turrin, M., Yang, D., D’Aquilio, A., Sileryte, R., & Sun, Y. (2016). 

Computational design for sport buildings. Procedia 

engineering, 147, 878-883. 

The importance of controlling daylight and thermal 

condition in the sports buildings to meet performance 

requirements of sport activities  

146. Lin, T. P. (2009). Thermal perception, adaptation and attendance in 

a public square in hot and humid regions. Building and 

environment, 44(10), 2017-2026. 

Sunlight as a factor that impacts the thermal 

environment in outdoor public spaces influences the 

use of and attendance in the space. They found that 

not only human energy balance model addresses the 

influence of the climate on the use of public space but 

also behavioral factors. It can be stated that thermal 

perception  

147. Tafahomi, R. (2022). Revitalization of Cultural Values in Urban 

Landscape through Street Trees Design. METU Journal of the 

Faculty of Architecture, 39(1). 

The graphical analysis of the sidewalk and street tree 

design and their impact of them on social and ritual 

activities such as a place for walking regarding the 

shading they provide from the sunlight.  

148. Obors' ka, S. (2015). To the history of the stained-glass windows 

art in the context of the man spiritual activities. NATIONAL 

ACADEMY OF MANAGERIAL STAFF OF CULTURE AND ARTS 

HERALD, (3), 54-59. 

Relevant  

The study of the history of stained-glass windows and 

the effect of sunlight modified through them in the 

creation of spiritual activities such as the formation of 

taste and imagination as well as positive mood. 
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Table 3. classification of the research material retrieved from the Scopus database. 

Theme Objective/result and 

source 

Methodology Space 

typology  

User 

typology  

Movement 

parameter 

Daylight 

parameter 

Thermal 

comfort and 

aesthetics 

and design 

quality  

Increasing thermal 

comfort to increase the 

use of space and 

attractiveness 

(Ratajczak et al., 

2022). 

 

• IES-VE 

simulation 

 

University  Academics • indoor 

activities  

• Use of atrium 

• Daylight-

dependent 

control system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Visual 

Comfort 

Finding a suitable 

blind strategy to 

increase visual comfort 

and energy efficiency 

(Koohsari & Heidari, 

2022) 

• Daylight 

measurements at 

different 

illuminance 

levels 

• Interview  

 

Office room Office 

workers 
• Occupant 

positions and 

their activities  

 

• UDI, DAv, 

sDA, ASE, 

DGPs, in a 

space with 

Venetian blinds  

Avoiding unwanted 

glare according to the 

user’s location (Huang 

et al., 2022). 

• Optical analysis 

using simulation 

and genetic 

algorithm in 

python 

Room  Room users • User location 

 

• Automated 

sun-guiding 

micro prism 

Improvement of 

daylight performance 

and visual comfort by 

the study of an active 

strategy of daylighting 

as a function of user 

field of vision (UFV) 

that is a line between 

occupant and sun 

positions (Hosseini et 

al., 2020). 

• Parametric 

Simulation  

• Climate 

luminance-based 

metrics 

Virtual Office 

building  

Occupants  • Dynamic 

Occupant’s 

position 

• Dynamic 

attraction 

points as an 

intersection 

between UFV 

and façade 

surface 

• Colored glass 

• Daylight 

performance  

• integrated 

interactive 

kinetic façade 

with colored 

glass (IIKFCG) 

Understanding the 

cultural difference in 

daylight perception 

and study activities 

(Arango-Díaz et al., 

2022). 

• Illuminance 

measurements 

• Survey  

 

Classroom Students  • Reading & 

writing 

activities 

• Work plane 

and vertical 

Illuminance  

• Global solar 

radiation  

Finding the 

quantitative 

relationship between 

the lighting level and 

lighting preference 

(Fakhari et al., 2021). 

• Survey  Office  Office 

worker  
• Individual 

parameter: 

type of the 

activity  

• Lighting level 

• Window 

orientation  

• External 

obscuration  

Finding an acceptable 

range of daylight 

illuminance to provide 

comfort for reading 

activity (Fu et al., 

2022). 

• Electrodermal 

activity 

measurement 

• questionnaire 

scoring 

Nursing 

institution  

Elderly 

persons 
• Reading 

Activity 

• State arousal 

level 

• Daylight 

illumination  

 

Improvement of the 

daylight in the interior 

from walls with a high 

percentage of the 

window-to-wall ratio 

by providing sun-

shading protection 

• Case study 

• Simulation  

 

University  Academics  • Activity 

development 

in interior 

space 

• Impeccable 

glare from the 

sun-shading 

system  

 



(Sepulveda-Gil et al., 

2022). 

Study of the 

satisfaction level with 

daylighting to improve 

elderly activity (Yang 

et al., 2021). 

• Questionnaire  

• Daylight 

measurements  

 

Nursing home Elder adults • Activity 

spaces 

 

• Sunlight 

illuminance  

• Glare  

 

 

Safety & 

security 

Introduction of 

trajectory prediction 

method to track the 

movement of 

pedestrians (Zeibo et 

al., 2021). 

• Long short-term 

memory 

(LSTM) 

• Social LSTM 

• Feature 

extraction 

• Image 

processing 

Intersections Pedestrians  • Pedestrian 

trajectory 

• Pedestrian 

movement: 

location and 

speed 

 

• Difference 

between 

daylight 

condition and 

night lighting  

 

Health and 

well-being 

Narration of the 

interior to the exterior 

as a combination of 

space, light, and 

internal movements to 

highlight the idea of 

experience of an 

architectural 

atmosphere (Kristo & 

Kristo, 2021). 

• Narrative  

• Reasoning  

 

Architectural 

atmospheres  

Humans  • Internal 

movements  

 

• Daylight 

penetration  

 

Observation of the 

interior design 

techniques of 

daylighting to identify 

the identity of the 

buildings (HARERI & 

ALAMA, 2020). 

• observation 

 

Mosque  Visitors • physiological, 

behavioral, 

and 

psychological 

responses 

• performance 

of social 

activities  

• indoor 

daylighting 

quality and 

techniques  

 

Understanding the 

relationship between 

people’s physical 

activity and daylight 

exposure (Flores-Villa 

et al., 2020). 

• Pittsburgh Sleep 

Quality Index 

(PSQI) 

questionnaire 

• Morningness–

Eveningness 

Questionnaire 

(MEQ) 

• seven-day sleep 

diary/log 

activity 

House Elderly 

occupants 
• physical 

activity and 

sleep quality 

• daylight 

exposure  

 

Achieving an ultimate 

human experience in 

design alternatives as a 

combination of 

physiological, 

cognitive, and 

emotional states that 

define our mental state 

(Ergan et al., 2019). 

• Noninvasive 

biometric 

sensors and 

physiological 

metrics: 

Examining skin 

conductance 

with GSR, brain 

activity with 

EEG, and heart 

rate with PPG. 

• Virtual 

environment 

Virtual reality 

design 

alternatives  

User  • Human 

response 

• Mental 

activity 

• Heart rate 

• Task 

performance 

in VE 

• Navigation in 

VE 

• Existence of 

daylight and 

connectivity to 

the nature  

Energy 

optimization 

 

Development of a 

manual blind control 

algorithm to predict 

actual user behavior in 

• Field study 

based on 

monitoring blind 

movement or 

Mid-rise office 

buildings 

Occupants 

as active 

users and 

not, non-

• Manual blind 

use  

• User behavior 

 

• Daylighting  

• Daylight 

simulation  

 



blind adjustments 

(Nezamdoost et al., 

2018). 

blind positions 

recordings.  

users, or 

passive 

users  

Energy 

optimization 

 

Measuring the level of 

the occupant’s control 

over the operation of 

the building to find out 

the relationship 

between occupants’ 

adaptive behavior with 

building performance 

(Fieldson & Sodagar, 

2017). 

• Post occupancy 

evaluation 

(POE) 

• Field survey 

 

Multifunctional 

building 

including 

offices 

Office 

workers, 

users 

• Adaptive 

behavior  

 

• Subjective 

measure of 

daylighting 

 

Aesthetics 

and design 

quality  

Evaluation of comfort 

level by post-

occupancy study in a 

building designed with 

bioclimatic strategy 

(Jamaludin et al., 

2017). 

• POE 

• Field 

measurements 

with climatic 

devices  

• Questionnaire  

 

Residential 

college 

building  

University 

students, 

residents   

• Activity in the 

room 

• Room 

opening 

usage. 

• Living 

behavior 

 

• Natural 

daylighting  

 

Aesthetics 

and design 

quality  

The introduction of 

daylighting strategies 

in traditional 

architecture 

(Manurung, 2017). 

• Daylight 

measurements  

• Theoretical 

reviews 

 

Occupants  Traditional 

house   
• Activity-

based needs 

 

• Quality and 

quantity of 

Daylighting 

Energy 

optimization 

and 

aesthetics & 

design 

quality  

Designing an 

intelligent house to 

adjust the comfort 

level according to the 

activity needs of the 

occupants (Kaiwen et 

al., 2016). 

• System design 

 

User  Home-

office 

environment 

• Activity-

based needs. 

• Occupancy  

• Availability of 

the natural light 

 

A design considering 

smart communication 

between the variables 

of users’ movements, 

lighting comfort, and 

daylight (determination 

of lighting preference) 

to regulate and control 

lighting output by LED 

system (Liu et al., 

2016). 

• Fuzzy logic  

• DALI protocol 

• Experiments 

Users  Office in 

commercial 

building 

• Users’ 

movements  

 

• Daylight  

• Controller 

 

Design a lighting 

system by the 

consideration of the 

occupant behavior and 

activities, building 

purpose, and use of 

daylight 

(Kamaruzzaman et al., 

2015). 

 

• Stimulation 

modeling  

• Assessment of 

the lighting 

performance 

 

Occupants Historic 

office  
• Hours of 

daylight 

usage 

• Lighting 

consumption 

according to 

the activity of 

the occupants 

• Illumination 

levels  

• Use of daylight 

 



Development of 

lighting control 

systems to manage 

energy consumption 

(Aghemo et al., 2014). 

• Monitoring 

annual 

electricity 

consumption 

and parasitic 

energy 

consumption 

Standard 

methodology 

Users  Office 

building 
• Space 

occupancy  

 

• Daylight 

strategies  

 

Designing a system to 

predict the illuminance 

level based on the 

daylight analysis, 

space information, and 

user movement to 

adjust illuminance 

levels and provide 

dimming control (Park 

et al., 2015). 

• System design  

• Control 

Algorithm 

• Motion sensor  

• Energy analysis  

 

User  Building: 

Parking lot, 

basement, 

working 

area, 

hallway, 

and 

staircase  

• User 

movement  

• Movement 

pattern 

• Sun’s 

movement  

• User location  

• Car 

movement  

• Frequency of 

user 

movement 

User behavior: 

reading & 

writing tasks 

• Daylight 

illuminance 

level 

• Position of the 

sun 

 

Thermal 

comfort and 

design 

quality  

The study of the 

effectiveness of 

vegetation type in 

providing comfort for 

pedestrian movements 

through the reduction 

in urban heat island 

effects (Adam et al., 

2016). 

• Daylight 

measurements  

• Observation of 

human activity 

Pedestrians Urban 

nodes 

intersections 

• Pedestrian 

activity  

 

• Daylight 

intensity  

• Vegetation 

shade 

Design 

quality and 

Energy 

optimization 

 

Efficient and accurate 

evaluation of passive 

daylight strategies and 

shading schemes in 

regions with different 

dynamics of daylight 

according to the 

occupancy time by 

creating temporal maps 

to find the most 

suitable design (Guan 

& Yan, 2016). 

• Temporal map 

based on 

occupancy time 

• Graphic analysis  

• Daysim 

calculations  

 

Students classrooms • Occupancy 

time 

• Human 

activity  

 

• Dynamic 

daylight  

• stochastic 

weather 

conditions  

• movement of 

the sun 

Improvement of the 

illumination in the 

workspaces 

(Chaudhary & Jain, 

2014). 

• Experiments on 

the miniature 

form of a 

building 

• Retrofit 

development. 

• Lux 

measurements 

• Ring heliodon  

Users  Official, and 

educational 

buildings 

• Productivity  

 

• Illumination 

• Natural 

daylight 

provision   

• Sun path 

 

Health and 

wellbeing 

 

 

 

 

Investigation of the 

satisfaction levels with 

the daily activity 

efficiency and lighting 

quality (Afacan & 

Demirkan, 2016). 

• survey  Occupants  Dwelling  • Daily living 

activities  

• Sleep Quality 

 

• Control of 

daylighting 

systems  

• Operable 

window 



Understanding the 

circadian regulation 

made by circadian 

lighting design 

affecting mood, and 

sleep (Figueiro & Rea, 

2016). 

 

• Measures of 

subjective and 

objective sleep  

• Self-reports of 

mood 

Working 

individuals   

Office 

buildings 
• Activity-rest 

patterns   

• Daylight 

availability  

• Circadian 

lighting 

exposure  

 

The study of the 

biological clock and 

the relationship 

between human 

activity and daylight in 

creation of comfort 

(Fonseca et al., 2006) 

• Review  

 

Interior spaces  Occupants  • Human 

activity  

 

• Natural light 

pattern 

Natural light 

rhythm 

Energy 

optimization 

and design 

quality  

The study of 

innovative energy-

saver and comfortable 

building design 

(Fantauzzi et al., 

2015). 

• Architectural 

Experiment 

• Software 

simulations  

• Assessment of 

energy 

performance 

through Energy 

plus 

• Lighting design 

via DIALux  

Occupants  Container 

houses  
• Domestic 

activities 

• Movable 

furniture  

• Use of area  

 

• Daytime 

• Daylight 

contribution  

 

Visual 

comfort and 

Energy 

optimization 

 

The study of the 

experimental shading 

devices with respect to 

visual comfort and 

energy production, and 

reduction (Saranti et 

al., 2015). 

• Experiment with 

a physical model  

 

Users Residential 

housing 

units  

• Everyday 

activities  

• Determination 

of the best-

suited space 

for visual 

comfort 

• Use of 

external space  

• Shading device  

• Outdoor 

Daylight 

 

Energy 

optimization 

 

Development of a 

stochastic lighting 

model to generate 

lighting schedules 

(Zhou et al., 2015). 

 

 

 

• Modeling  

• Measurement  

 

Occupants Office 

building 
• Occupant 

behavior  

• Occupant 

schedule  

• Stochastic 

energy use 

• Outdoor 

illuminance 

levels  

• Area exposed 

to natural light 

Review of the blind 

use patterns and user 

interactions with the 

blinds (Van Den 

Wymelenberg, 2012). 

• Literature 

review  

 

Buildings User  • Patterns of 

blind use 

• Human 

behavior 

 

• Blind control  

 

The study of the 

switching patterns of 

the lights and its 

relationship with the 

daylight availability 

and levels to predict 

energy consumption 

(Hunt, 1979). 

• Time-lapse 

photography  

• Observation  

 

Classroom, 

office 

Users  • Occupation 

cycle 

• Switching 

patterns and 

activity 

• Manual 

control of 

lighting  

Continuous and 

intermittent 

occupancy  

• Daylight 

availability 

• Working plane 

illuminance  

• Vertical plane 

illuminance  

 

Energy 

optimization 

The study of a church 

before and after the 
• Comparative 

analysis 

Worshippers  Church  • Liturgical 

needs 

• Solar trajectory  



 urbanization of the 

surrounding area in 

terms of daylighting 

conditions within the 

church affected by the 

urban area (Carlos et 

al., 2014). 

• measurements 

 

• Main 

activities  

 

• Levels of 

available 

daylight 

• Daylight 

conditions 

Design 

quality and 

Energy 

optimization 

 

Optimization of 

daylight potential of 

architectural form at an 

early stage of the 

design by the 

development of 

regression models 

(Mavromatidis et al., 

2014). 

• Regression 

models 

• EcCoGen 

software 

development  

• Genetic 

algorithm 

optimization 

• DIALux 

Occupants  Residential 

and tertiary 

sector  

• Human 

activities  

• Working  

 

• Daylight factor  

• Natural light  

 

Thermal 

comfort  

Understanding the 

impact of 

environmental factors 

such as daylight as 

well as the movement 

and activities on the 

creation of the 

microclimate 

conditions (Pandya & 

Brotas, 2014). 

• Literature 

review 

• Environmental 

variables 

measurements  

 

Pedestrians  Tall 

buildings, 

urban 

climate  

• Activity 

patterns at 

street levels  

• Pedestrian 

movement 

• Daylight 

availability   

• Overshadowing  

 

Design 

quality and 

Energy 

optimization 

 

Consideration of the 

Occupants’ past living 

habits and seasonal 

needs based on the 

vernacular design and 

living experiences. 

Investigation of the 

correlation between 

‘seasonal migratory 

living patterns’, 

‘occupant’s social 

activity background’, 

and the ‘quest for 

light’ (Sakarellou-

Tousi & Lau, 2009). 

• Case study 

 

Mansion, 

vernacular 

dwelling   

Occupants, 

Dwellers 
• Migratory 

living pattern  

 

• Luminous 

environment 

conditions 

 

Design 

quality and 

Energy 

optimization 

 

Introduction of a 

lighting control system 

to reduce energy 

consumption (Parise et 

al., 2013). 

• Experiment 

• Standard 

methodology   

 

Users  Classroom  • Actual 

presence of 

activity  

 

• Actual 

presence of 

daylight 

 

Health and 

wellbeing 

human movement is 

considered a factor in 

studying human 

circadian system 

synchronization 

according to the 

amount of available 

daylight due to the 

housing design 

(Andersen et al., 

2013). 

• Simulation  

• Proposition of 

workflow  

• Design 

alternatives  

 

Occupant  Row houses  • Occupant 

location 

• View 

direction  

• Biological 

response 

• Human 

movement  

 

• Amount of 

daylight  

• Time of 

lighting  

 

The re-design of a 

facility through a 

Simulation-based 

framework 

incorporating the 

• Daylight 

performance 

evaluation  

• Simulation  

Healthcare 

facility  

Occupant  • Stimulation of 

alertness  

• Stimulation of 

performance  

• Daylight 

intensity 

• Daylight 

duration 



dynamic non-visual 

effects of light and 

circadian rhythm. The 

re-design is based on a 

model that predicts the 

relative effectiveness 

of different light 

patterns (Ámundadóttir 

et al., 2013). 

• Human light 

response (HLR) 

Modeling 

• Light pattern 

generation 

methods   

 

• Dynamic 

behavior and 

response of 

non-visual 

system 

• Occupant’s 

movement 

and activities  

• Timing of light 

exposure  

• Light patterns  

 

Energy 

optimization 

 

The study of the 

activity-related and 

daylight parameters as 

building characteristics 

in energy performance 

simulation (Korolija et 

al., 2013). 

• Simulation 

model archetype 

• Energy 

performance 

simulation  

• Stock modeling  

 

Office building  Occupants  • Metabolic 

rate 

• Occupancy 

density  

 

• Daylight and 

solar control 

measures 

• Glazing  

 

Benchmarking the 

performance of 

controlling systems in 

terms of manual and 

automatic scenarios 

(Chiogna & Frattari, 

2013). 

  

• Monitoring  

• Standardization 

techniques  

 

Office block   Users  • Occupancy 

duration 

• Occupant’s 

behavior  

• Manual 

operation of 

controlling 

systems  

• Real use 

conditions  

• Indoor 

illuminance 

levels 

• Outdoor 

illuminance 

levels  

• Control  

 

Design 

quality and 

health and 

wellbeing 

Design of window 

openings and light 

guides in the interior 

with respect to the 

human biological 

rhythm and daylight to 

improve the interior 

(Janečková & Bošová, 

2013) 

• Review  

• Measurement  

 

Library room User  • Predominant 

Visual 

activity  

 

• Daylight factor  

• Uniformity of 

daylighting  

• Light 

distribution  

• Glare 

prevention  

• Light 

reflectivity  

• Daylight 

illumination 

The study of the 

impact of weather-

generated natural 

indoor animation on 

building occupant 

stress (Nute et al., 

2013). 

• Case study  

 

Building 

interiors  

Building 

occupants 
• Alertness  

• Attention  

 

 

• Movement of 

the sun 

• Wind-animated 

indoor 

daylighting 

• Sun-animated 

shading 

Design guidelines for 

daylighting to include 

human activity as a 

key design criterion as 

another physical 

parameter (Wang & 

Boubekri, 2011). 

• Experiment  

 

Office  Occupants  • Human 

activity  

• Occupants’ 

emotional, 

attitudinal, 

and cognitive 

responses 

• Sunlight 

conditions  

 

Design 

quality and 

Energy 

optimization 

 

Improvement of atrium 

design based on the 

form, usage, and 

skylight fenestration 

(Yunus et al., 2010). 

• Survey  Atrium office  Users  • Atrium 

usage/activity  

 

• Daylight 

performance  

 

Health and 

wellbeing 

The study of the role of 

daylighting in the 

creation of comfortable 

environments (Dubois 

et al., 2009). 

• Behavior 

mapping  

• Written surveys  

• Photography 

Café in 

university  

Occupants   • Visually 

demanding 

activities  

 

• Luminous 

ambiences   

 



• Digital image 

analysis 

• Observation  

Design 

quality and 

health and 

wellbeing 

Offering a 

methodology for the 

study of daylighting 

design from user’s 

perspective and design 

recommendations 

(Wang & Boubekri, 

2009). 

• Behavioral 

study 

 

Luminous 

environment 

Users  • User reactions 

• adjustments 

of user 

activities  

• Luminous 

space  

 

Energy 

optimization 

The study of the 

traditional daylighting 

techniques for 

ecological design 

(Rezaee et al., 2009). 

• Case study 

 

Traditional 

architecture  

Users  • User escape  

 

• Daylighting 

techniques  

 

Thermal 

comofrt and 

health and 

wellbeing 

Study of the 

attractiveness of urban 

areas by simulation of 

the thermal comfort of 

the pedestrians (Bruse, 

2007). 

• Multi-agent 

system (MAS) 

• Simulation  

 

Open public 

space 

Pedestrians  • Routing 

decisions 

• Pedestrian 

motions 

 

• Sunlight 

condition 

• Mix of sun and 

shade  

 

Visual 

comfort  

The study of visual 

differences between 

two ethnicities for the 

evaluation of glare 

(Lee & Kim, 2007). 

• Nomo-graph  

• Full scale model  

 

Model Occupants  • Ocular 

activity  

 

• Discomfort 

glare  

 

 



Table 4. Classification of the research material retrieved from WOS database. 

Theme Objective/result and 

source 

Methodology Space 

typology  

User 

typology  

Movement 

parameter 

Daylight 

parameter 

Design 

quality  

The study of post-

occupancy data to 

understand the role 

of daylight in human 

experience and 

behavior (Jens & 

Khoudi, 2022). 

• Computer-vision 

camera  

• Survey 

 

 

 

Working 

environment  

User  • Occupancy 

duration 

• Occupancy 

time  

• Perceived 

Productivity 

 

• Daylight  

• Window 

blinds  

Energy 

optimization 

and design 

quality 

Examining the effect 

of natural light in 

sacral architecture to 

improve design and 

daylighting 

performance 

(Taştemir et al., 

2020).  

• Measurements  

• 3d Simulation   

Mosque  Prayers  • Worshipping 

activity 

 

• Light factor 

• Daylighting  

• Natural light 

Energy 

optimization 

and design 

quality  

Strategies to control 

the beams of daylight 

in the interior would 

help to decrease 

pollution and energy 

savings (Pohl, 2011). 

• Review  

 

Interiors, 

circulation 

spaces  

Transitory 

and seated 

occupants  

• Directional 

highlighting  

• Transition 

• Writing and 

reading tasks 

 

• Movable 

window 

shades and 

blinds  

• Sunlight  

• Glare  

 

 

 

 

Health 

wellbeing 

and design 

quality  

optimization of the 

circadian effects of 

lighting in the space 

through design (Hu 

& Davis, 2021). 

• Real-world data 

collection 

 

Architectural 

space  

Occupants  • Occupant’s 

activity  

 

• Sunlight  

• daylight 

Sunlight control 

strategies according 

to the daylight 

behavior to optimize 

the use of natural 

light (Villalba et al., 

2018). 

• Dynamic 

daylight 

simulation  

 

Care unit Newborn 

babies  
• Layout of the 

space for 

different uses 

 

• Sunlight  

Visual 

comfort and 

design 

quality  

Investigation of 

passive daylighting 

system to understand 

its impact on daylight 

distribution and 

visual comfort 

(Moazzeni & 

Ghiabaklou, 2016). 

• Daylight 

simulation 

Educational 

space  

Students  • Space 

occupation 

hours  

• Light shelf  

• Natural light 

 

 

Wellbeing  The discussion of the 

basic concepts of 

daylighting in urban 

environments 

(Nasrollahi & Shokri, 

2016). 

• Review  

 

Urban context  Residents  • Liveliness  

• Performance  

 

• Daylighting  

• Movement of 

the sun 

• Illuminance  

Energy 

optimization  

The study of the 

influence of occupant 

behavior and housing 

typology on interior 

daylighting (Das & 

Paul, 2015). 

• MATLAB-based 

coding.  

• Logistic 

regression  

• All-weather 

model 

Housing  Occupants  • Occupant 

behavior  

• Daily activity 

schedule  

• Switch on 

behavior  

• Daytime 

artificial 

illumination  

• Daylight 

illuminance  

 

Energy 

optimization 

and design 

quality 

Daylighting design 

according to the 

examination of the 

architectural 

• Hobo loggers 

monitoring  

• Daylight analysis 

by AutoCAD 

Ecotect software 

Library  User  • User behavior  

• Visual tasks 

• Daylighting  

• Daylight 

factor 

• Light guides  



elements (Omar et 

al., 2018). 
• Raytracing 

simulation 

Achievement of the 

optimal design 

equations and space 

orientation in school 

design (Ma & Yang, 

2022). 

• Usage of the 

annual daylight 

metrics  

• Parametric 

modeling  

• Linear regression 

analysis  

Atrium 

classrooms 

Users  • Space 

efficiency 

• Activity 

accommodation 

• Daylighting 

performance  

 

Health and 

wellbeing 

Survey of criteria for 

the daylighting 

design of building 

insolation 

considering proper 

circadian rhythm and 

comfort of occupants 

(Darula et al., 2015). 

• Review  

 

Workplaces, 

interiors  

Occupants • stimulation of 

human 

activities  

• function of 

body organs  

 

• illuminance 

levels  

• sun radiation  

Design 

quality and 

conservation   

Design of proper 

lighting in historic 

museums to both 

preserve the 

collection and 

respect the original 

activity schemes of 

the historic building 

(Himmelstein & 

Appelbaum, 2000). 

• Review   Historic 

structure, 

museums, 

exhibition 

spaces   

Visitors, 

viewers, 

inhabitants 

• Original 

activities  

• Daylighting 

schemes  

 

Health and 

wellbeing 

and design 

quality  

Introduction of a 

design idea based on 

experimental 

techniques 

(Nasybullina et al., 

2019). 

• Experiment 

• Comparative 

analysis  

• Creation of 

models and 

schemes  

 

Light Space People in 

place 
• Sensorial 

perception of 

daylit space 

• Modeling of 

time 

• Movement of 

people 

• Dynamics of 

light  

 

Visual 

comfort and 

design 

quality  

Alternative design 

solutions for getting 

proper illuminance 

levels (Mohelnikova, 

2007). 

• Comparative 

study 

• Computer 

Simulation  

Attic room, 

university 

building  

Users  • Visual activity  

• Utilization area 

• Illuminance 

level  

• Dormers  

• Skylight  

 

Health and 

wellbeing 

Non-visual lighting 

design regarding 

task-driven 

illumination 

(comfort) and 

human-driven health 

(Andersen, 2015). 

• Simulation and 

visualization  

• Climate-based 

modeling  

 

Daylit space, 

Performative 

space  

 

Human  • Human 

behavior  

• Human 

response 

• Task-driven  

• stochastic 

weather 

patterns 

• sun course 

Energy 

optimization 

and design 

quality 

The study of the 

design of 

underground 

buildings in hot 

climates to examine 

heat transfer 

(Alwetaishi, 2021). 

• real built room 

• field 

measurements  

• modeling  

• simulation with 

computer tool 

EDSL TAS 

Underground 

buildings  

User  • Productivity  

• User activity  

• daylight  

 

Wellbeing 

and design 

quality 

Design of space 

based on daylighting 

preference 

(Heydarian et al., 

2017). 

• Simulation with 

immersive virtual 

reality  

• Experiment  

• Quantitative 

measures  

• Survey  

Virtual office  End-user  • Lighting-

related 

behavior  

• People 

performance  

• Reading speed  

• Simulated 

daylight 



• Comprehension 

and reading 

tasks  

Health and 

wellbeing  

Design of adaptive 

shading panels 

adaptive to the 

human eye’s 

biological needs in 

terms of NIF and IF 

responses (Parsaee et 

al., 2020). 

• Lab scale 

physical model  

• Experiment  

Scale model Occupant  • biological 

response of the 

human eye 

• shading panel 

attributes  

 

Health and 

wellbeing 

and design 

quality  

Study of space to 

understand the 

impact of the visual 

daylight impact on 

the esthetical and 

emotional aspects of 

architectural space 

(Hourani & 

Hammad, 2012) 

• Photography 

recording 

• Questionnaire  

 

Atrium in city 

mall 

Architects  • Atrium 

activities  

 

• Dynamic 

variations of 

daylight  

• Daylight 

quality  

Visual 

comfort and 

energy 

optimization  

The occupant 

behavior model has 

been considered 

together with the 

annual daylight glare 

probability profile to 

account for shading 

strategy and visual 

comfort conditions 

(Reinhart & 

Wienold, 2011). 

• Review on the 

computer-based 

light analysis    

Residential 

space  

Occupant  • Occupant 

interaction 

pattern  

• Manual 

lighting control  

• Occupant 

behavior  

• use of a 

lighting switch 

and shading 

device 

• pattern of the 

occupants’ 

interaction 

• Annual 

daylight glare 

probability  

• Visual comfort  

Energy 

optimization  

Presenting long-term 

measurement data for 

energy potential 

assessments and 

energy predictions 

(Hammes & 

Weninger, 2023).  

• Monitoring  

• Data log  

 

Office 

building  

User  • Window 

opening 

behavior. 

• Manual user 

interaction 

• User behavior 

• Real working 

condition 

• Window  

• Daylighting 

device  

Health and 

wellbeing  

Research on the 

impacts of daylight 

exposure on the sleep 

quality and well-

being of workers 

(Lee & Boubekri, 

2020) 

• Actigraphy  

• Survey  

• Simulation  

Workplace  Office 

workers  
• Activity-rest 

cycle  

• Daylight 

exposure  

 

Energy 

optimization  

Study and 

assessment of the 

urban morphological 

patterns to 

investigate their 

impact on optimizing 

energy use and 

daylighting behavior 

(Pan & Du, 2022). 

• Mapping  

• Field 

investigation 

• On-site 

measurements  

 

Open urban 

areas  

Pedestrians  • Occupant’s 

choice of 

location 

• Duration of 

stay 

• Participation in 

activities  

 

• Outdoor 

pedestrian 

daylighting 

performance 

• Daytime 

pedestrian 

illumination 

• Horizontal 

illumination 

level   



Suggest a ‘default 

setting technique’ for 

more energy-efficient 

choices of interaction 

(Heydarian et al., 

2016). 

• Survey 

• Immersive virtual 

reality 

Office  Occupant, 

office 

workers  

• Occupant’s rate 

of lighting 

adjustments  

• Daily 

interaction with 

daylighting 

systems  

• Occupant’s 

behavior  

• Reading 

Comprehension 

and speed 

• Daylighting 

systems 

• Blinds  

 

Wellbeing  Assessment of 

daylight perception 

through the behavior 

of people (Izmir 

Tunahan et al., 

2022). 

• Survey  

• Subjective rating  

• Measurements  

 

Library  Students • Seat preference 

and selection   

 

 

• Perceived 

boundary 

between daylit 

and non-daylit 

space 

• Actual 

daylight levels  

Design 

quality  

Discussion of the 

daylighting design 

contributors such as 

furniture design and 

layout and occupant 

interaction to 

improve the design 

process (Day et al., 

2012) 

• POE 

• Case study  

Office  Occupant  • Interaction with 

furniture  

• Use of daylight 

• Human 

response 

 

• Daylit 

perimeter  

• Daylight 

control 

 

Energy 

optimization  

Modeling of the 

scenarios of 

electricity use 

patterns to 

investigate the 

energy efficiency of 

windows (Lolli & 

Haase, 2017)  

• Modeling  

• Survey  

Apartments  Occupants  • Type of activity  

• Occupancy 

hours  

• Use patterns  

• Daylight 

availability  

 

Energy 

optimization 

and design 

quality  

The prediction of 

light usage and user 

behavior in 

relationship with the 

change in interior 

layout (Cılasun 

Kunduracı & 

Kazanasmaz, 2019). 

 

• Fuzzy logic 

modeling  

• Monitoring  

• Detectors  

Offices  User  • Manual Control 

behavior 

patterns  

 

• Daylight 

illuminance  

• Window 

distance  

Energy 

optimization  

Daylighting strategy 

and energy use: 

Understanding the 

correlation between 

lighting usage rate 

with daylight-

assisted task lighting 

(Lim et al., 2017) 

• Monitoring Office  Occupants  • Lighting usage 

patterns  

• User behavior  

• User habits  

• Daylight 

assisted task 

light  

 

Energy 

optimization  

Articulation of blind 

control algorithm 

based on user activity 

and weather 

conditions (Chan et 

al., 2014). 

• System 

development  

• Mockup  

 

Office  User  • User activity 

 

• Weather 

conditions  

• Daylight 

responsive 

lighting  

Health and 

wellbeing 

The study of the 

impact of 

architectural design 

• Case study  Indoor 

environment 

Occupant  • Gaze behavior  • Ocular light 

exposure  



and visual 

comfort 

on gaze behavior, 

visual comfort, and 

non-visual effects 

considers the impact 

of space, time, and 

sky conditions 

(Amundadottir et al., 

2017). 

• 3D rendered 

immersive 

environment  

• Daylight-driven 

human 

response  

• Daylight 

performance 

models  

 

Health and 

wellbeing 

and energy 

optimization  

Examination of the 

impact of dynamic 

daylighting condition 

on the behavior, 

mood, feeling, and 

perception, as well as 

energy saving in 

Scandinavian winter 

(Favero et al., 2023). 

• Report on pilot 

study  

• Measurements  

 

Indoor daylit 

space  

Occupants  • Amount of 

activity  

• Behavior  

 

• Daylit space  

• Lighting 

perception  

• Dynamic 

daylighting 

conditions  

Health and 

wellbeing  

The importance of 

the design of daylight 

according to the 

expected tasks within 

a space and its 

impact on mood, 

circadian rhythm, the 

behavior of 

occupants, increased 

safety, and benefits 

of Vitamin D 

synthesis (Webb, 

2006). 

• Review  

 

Buildings  Occupants  • Sleep/wake 

cycle  

• Behavior  

 

• Daylighting 

Energy 

optimization  

Understanding the 

energy impact of 

blind use by 

comparing manual 

and automatic 

control algorithms 

(Nezamdoost et al., 

2018) 

• Case study  

• Control 

algorithms  

• Simulation  

Office  User  • Manual blind 

use 

• Actual user 

behavior  

• Occupied hours  

• Daylight 

shading 

system 

Health and 

wellbeing 

and design 

quality  

Investigation of the 

design impact on 

receiving standard 

amount of daylight 

and illuminance 

levels for enhancing 

circadian rhythm, 

visual comfort, 

perception of the 

space, mood, 

aesthetics, and 

behavior) (Abidi & 

Rajagopalan, 2020). 

• Field 

measurements  

• Daylight 

simulation 

Apartment 

buildings  

User  • User’s 

experience and 

behavior  

 

• Daylight 

condition  

• Illuminance  

Visual 

comfort and 

energy 

optimization  

Evaluation of the 

illuminance levels of 

working halls 

regarding 

illuminance 

requirement for 

working activities 

(Dolnikova et al., 

2020). 

• Measurement  

• Daylight 

simulation-

radiance  

Working 

environment  

User  • Visual classes 

of Work 

activities 

• Industrial 

activities   

• Daylight 

illuminance  

• Illuminance 

uniformity  



Safety   Development of 

modeling factor to 

assess traditional 

spaces by the 

consideration of the 

morphological-

architectural 

relationship between 

the space and 

geographical location 

(Lasagno et al., 

2011). 

• Case study  

• Modeling factor 

• Measurement   

• Monitoring  

 

Transitional 

space, public 

building  

User  • Visual 

adaptation 

• Transition  

• Safe movement 

 

• Cylindrical 

illuminance  

• Horizontal 

illuminance  

Energy 

optimization  

The negative impact 

of manual blind 

control installed on 

conventional 

windows on energy 

saving. Examination 

of the impact of 

interior light shelves 

on the manual use of 

blinds showed 

positive effect on 

energy saving 

(Sanati, & Utzinger, 

2013). 

• Case study Studio in 

university  

Occupant  • use of blind  

• occupant 

behavior  

• shading control 

• light shelf 

• window  

• transmitted 

vertical 

irradiance  

 

Wellbeing  Prediction of the 

level of engagement 

in space for daylight 

performance 

assessment 

(Rockcastle et al., 

2017). 

• experiment  

• simulation  

• subjective ratings 

• rendering   

 

Architectural 

spaces  

Occupant  • Perceptual 

response to 

stimulation 

• Visual interest 

• Occupant 

behavior  

 

• Daylight 

composition 

Design 

quality 

Investigation of the 

impact of bioclimatic 

design on the use of 

buildings regarding 

the indoor climate 

affected by daylight 

(Ouahrani, 2012). 

• Simulations  

• Interview  

• Statistical 

analysis   

• POE 

Youth club Users  

 
• Building use 

• Use of space  

• Opening and 

closing of 

building  

• Illuminance 

level  

 

Wellbeing 

and design 

quality  

The study of the 

spatial experience of 

the interior space in 

terms of 

attractiveness 

(Panahiazar & 

Matkan, 2018). 

• high-dynamic-

range-imaging 

luminance 

analysis  

• subjective 

response  

church 

 

Visitors • Subjective 

experience  

• Walk  

• Attraction  

• Spatial 

experience  

• Daylight 

behavior 

• Perforated 

dome  

• Sacred light 

• Light values  

Design 

quality  

Review on the use of 

virtual reality for the 

evaluation of user 

behavior in the daylit 

space (Bellazzi et al., 

2022). 

• Virtual reality  Daylit space Participants 

 
• User behavior  

• User perception  

• Simulated 

lighting. 

 

Energy 

optimization  

The investigation of 

the relationship 

between MET 

minutes and daylight 

hours (Elliott et al., 

2019). 

• Survey  

• Interview  

 

Natural 

environments, 

parks 

People  

 
• Recreational 

physical 

activity 

• Outdoor 

activity 

• Daylight and 

meteorological 

conditions  

• Daylight hours  

Energy 

optimization  

Investigation of 

energy savings 

during daylight 

• Simulation based 

study  

Office Users  

 
• User behavior 

• Lighting switch  

• Artificial 

lighting  



saving times (DST) 

through the study of 

user behavior (Rakha 

et al., 2018).   

• Daylight 

saving time 

Visual 

comfort and 

design 

quality  

The evaluation of 

daylight glare 

probability through 

different fenestration 

system scenarios by 

involving human 

subjects while 

performing office 

task activities 

(Konstantzos & 

Tzempelikos, 2017). 

• HDR imaging  

• Experiment  

 

Office Human 

subjects  

 

• Office activity 

performance  

 

• Direct 

illuminance  

Energy 

optimization  

The study of Energy 

consumption rate or 

pattern by 

considering the 

freedom of design in 

interior layout and 

exterior according to 

occupant behavior 

(Sari & Chiou, 

2019). 

• Energy modeling  

• Simulation  

Low rise 

residential 

building   

Occupants 

 
• Occupant 

energy 

behavior  

• Daily activities  

• Daylight  

 

Energy 

optimization  

Exploration of an 

elastic algorithm for 

shading controls for 

the modeling of a 

wider range of 

occupant behavior 

(Perwita Sari & 

Chiou, 2018). 

• Daylight 

simulations 

• Granular 

Algorithm  

 

Open office 

space  

Occupants 

 
• Delay in 

manual control  

 

• Daylight 

availability  

Wellbeing 

and energy 

optimization  

The study of the 

visual window in 

terms of perceptual 

cooling effect and its 

proved relationship 

with lesser 

adjustments with 

HVAC system which 

led to energy savings 

(Jiang et al., 2022). 

• Laboratory 

experiment  

• Measurements 

of, physiological 

parameters, 

e.g., arterial 

oxygen saturation 

(SpO2) and heart 

rate variability 

(HRV) 

• subjective 

questionnaires, 

e.g., thermal 

perceptions, 

emotions 

Experimental 

chamber, 

with and 

without 

window 

Occupants  

 
• Thermal 

perception  

• Occupant 

adjustment of 

HAVC system  

• Occupant 

tolerance to the 

thermal 

environment  

• Heart rate 

variability  

• Visual 

window  

• Daylight  

 

Energy 

optimization  

 

 

 

 

 

 

 

 

 

The study of the 

impact of the 

environmental, 

physical, and policy-

related factors on 

occupant 

performance (Salem 

& Elwakil, 2017).  

• Modeling of 

occupant 

performance 

assessment 

 

Workplace, 

institutional 

building  

Occupants 

 
• Switching 

pattern 

behavior  

• Usage of 

lighting  

• Use of window 

blinds 

• Daylighting 

The observation of 

user interaction with 

the blinds for 

behavior modeling 

that complies with 

green design and 

• Logistic 

regression 

modeling  

• Behavioral 

modeling 

• Observation  

Workplaces  Occupants 

 
• Blind 

configuration 

individual 

behavior  

• Shade control 

behavior  

• Blinds  

 

https://www.sciencedirect.com/topics/engineering/physiological-parameter
https://www.sciencedirect.com/topics/engineering/physiological-parameter
https://www.sciencedirect.com/topics/engineering/arterial-oxygen
https://www.sciencedirect.com/topics/engineering/arterial-oxygen


energy codes (Kyle 

Konis, 2013). 

The study of energy 

predictions in the 

form of stochastic 

occupant behavior 

models (Gilani et al., 

2016). 

• Modeling 

• Empirically 

derived modeling  

Office Occupant  

 
• Stochastic 

occupant 

behavior  

• Dynamic 

occupant-

building 

interaction 

• Daylight 

performance  

energy 

optimization 

and visual 

comfort 

and Optimization of 

comfort for the most 

convenient space for 

everyday activity by 

trying to integrate 

flexible shadings for 

better use of the 

external space as a 

connected space to 

the internal place 

(Saranti et al., 2015). 

• Physical 

modeling 

• Experiment  

Residential 

building 

User, human  

 
• Everyday 

activity  

• Use of external 

space  

• Shading 

devices 

 

Visual 

comfort  

The study of the 

ocular behavior of in 

terms of office tasks 

that are reading from 

a screen and from a 

paper, writing, and 

socializing. This 

experiment is to 

evaluate glare 

(Yamín Garretón et 

al., 2016). 

• Experiment  

• Simulation  

• visible spectrum 

eye tracker 

Office Office 

workers  

 

• Reading and 

writing 

activities  

• Ocular 

behavior 

• Gaze  

• Daylight Glare 

probability  

• Blinds  

• Venetian blind 

thermal and 

visual 

comforts 

Proposition of a set 

of metrics for 

comfort conditions to 

be employed in early 

design stages (Atzeri 

et al., 2016) 

• Simulation  

• Metrics 

calculations 

Office Occupant  

 
• Occupant’s 

position 

• Occupant 

reaction 

• Occupant 

behavior  

• Daylighting 

performance  

• Global 

comfort  

• Window 

shading 

configurations 

Energy 

optimization  

the usage of blinds in 

a working 

environment is 

considered to model 

user action 

(Katsanou et al., 

2019). 

• Modeling 

 

Working 

environment 

User  

 
• User action 

• User behavior 

 

• Blinds  

Wellbeing 

and 

conservation  

Daylight modeling of 

a historic place to 

study the identity of 

place and visual 

experience 

(Almaiyah & Elkadi, 

2012). 

• Scaled model  

• Radiance 

simulation 

• Photography   

Historic 

Pedestrian 

street 

Residents  

 
• Visual 

experience 

• Visual tasks 

• Visiting 

• Daylight 

behavior  

 

Safety  The study of the 

effect of daylighting 

conditions and 

effects in a daylit 

space on the 

disruptive behavior 

of individuals to 

propose design 

criteria for care 

• Scientific 

observation  

 

Care unit individuals 

with probable 

Alzheimer's 

disease 

 

• Disruptive 

behavior 

 

• Daylight 

control 

interventions  



facilities (La Garce, 

2004). 

Wellbeing 

and visual 

comfort 

The study of 

different scenarios of 

space use by 

consideration of the 

pleasantness and 

comfort to propose 

an adaptive shading 

system (Baehr-

Bruyère et al., 2019) 

• Mockup model 

• Simulation  

Multi-use 

room in 

campus 

Occupants  

 
• Working 

activity  

• Shading  

 

Energy 

optimization  

Reducing the lighting 

loads inside office 

buildings by 

applying adaptive 

lighting and blind 

control systems 

developed by 

analyzing the light 

switch-on and blind 

closing behaviors 

(Gunay et al., 2017). 

• Algorithm 

development  

• Monitoring  

 

Office Occupants  

 
• Light-switch 

behavior 

• Blind use 

behavior 

• Adaptive 

behavior  

 

• Blind  

Energy 

optimization  

The monitoring of 

participant’s 

interactions with the 

shading systems to 

study the effect of 

the default lighting 

setting on the rate of 

adjustments 

(Heydarian et al., 

2015). 

• Immersive virtual 

reality  

Office Occupants  

 
• Rate of 

adjustments   

• Interactions  

• Performance of 

daily tasks 

• Available 

natural light  

 

Thermal 

comfort  

The study of the 

impact of the 

position and surface 

of the blind on the 

temperature inside 

the building in terms 

of comfort and the 

following behavior 

(Frontini & Kuhn, 

2012). 

• Building 

simulation  

 

Office Occupants  

 
• Behavior  

 

• Blind coating 

• Summer 

temperature 

Thermal 

comfort 

The study of the 

relationship between 

human comfort, and 

natural microclimatic 

conditions in open 

spaces (Zacharias et 

al., 2001). 

• Measurements  

• Observations  

Business 

district open 

space 

People  

 
• Presence level 

• Activity  

• Behavior  

• Sunlight  

 

Thermal 

comfort  

the study of the 

lighting level 

satisfaction revealed 

its relationship with 

the type of activity 

and thermal 

condition has a more 

direct relationship 

with overall comfort 

(Fakhari et al., 2021). 

• Survey  

• Questionnaire  

• Measurement  

Office Occupants  

 
• Type of activity  • Illumination  

 

Health and 

wellbeing 

Study of the Covid 

lockdown and the 

sleep-wake cycle 

• Online survey  

 

Lockdown Autistic 

persons 

 

• Physical 

activity 

• Behavior  

• Daylight 

exposure  



(Reynaud et al., 

2022). 
• Sleep-wake 

cycle 

Thermal 

comfort 

Analysis of the 

effects of walking on 

thermal comfort in 

semi-open spaces to 

develop a predictive 

thermal comfort 

model (Zhang et al., 

2020). 

• Experiment  Transitional 

space 

Subjects  

 
• Body 

Movement  

• Walking 

activities  

• Metabolic rate 

• Heart rate  

• Speed levels 

• Direct sunlight  

 

Wellbeing 

and health 

The study of the 

human physiological 

responses according 

to the plaza design 

and microclimatic 

condition (Zacharias 

et al., 2004). 

• Behavior 

mapping 

• Case study 

• Regression 

analysis 

Plaza Plaza-user, 

open-space 

users   

 

• Use level.  

• Moving 

 

• Sunlight 

• Shade 

Visual 

comfort 

Visual comfort 

predictions according 

to the occupant 

behavior in the 

interior space and 

three façade types 

(Bian et al., 2018). 

• Simulation with 

the Grasshopper 

plugin  

• Radiance-based 

visualization  

Office 

buildings 

Occupant  

 
• View direction 

rotation 

• Position 

shifting range.  

• Multi-seat 

positions  

• Movable view  

• Discomfort 

glare  

 

Health and 

wellbeing 

The investigation of 

the relationship 

between human 

performance and the 

temporal potential of 

daylighting to 

prescribe a stimulus 

of circadian rhythm 

(Pechacek et al., 

2008). 

• Photobiology 

• Simulation  

Healthcare 

architecture 

Patient  

 
• Daily rhythms 

in physiology 

and behavior  

• Lighting 

intensity, 

timing and 

spectrum 

Energy 

optimization  

The study of the 

probable impact of 

occupant behavior on 

energy saving in 

terms of lighting use. 

lighting control and 

daylighting strategies 

have been introduced 

as keys for energy 

efficiency (Zhu et al., 

2017). 

• Simulation  

• Measurements  

Office Occupants  

 
• Occupant 

control 

• Occupant 

schedules  

• Variation in 

behavior 

pattern 

• Daylighting 

strategies 

 

Energy 

optimization 

and design 

quality  

The evaluation of the 

behavior of the 

occupants regarding 

the lighting use to 

examine the effect of 

the design and 

orientation of the 

building on the 

‘switch-on behavior’ 

(Bournas & Dubois, 

2020). 

• Survey  

• Questionnaire 

• Statistical 

analysis  

 

Multi-

dwelling 

building 

Occupants  

 
• Switch-on 

behavior  

• Lighting use 

• Daylight hours  

Energy 

optimization  

Introduction of 

factors shaping the 

environment that 

helps to understand 

user needs 

concerning lighting 

• Systematic and 

quantitative 

review 

• User perspective 

analysis  

Non-

residential 

buildings 

Users  

 
•  Use of spaces 

• Occupant 

behavior  

• Daylight 

• Lighting  

 



to help to explain 

occupant’s behavior 

and the use of space 

(Sokol et al., 2022). 

Health and 

wellbeing 

The study of the 

microalgae façade 

design on the 

cognitive 

performance and 

mood of students 

(Warren et al., 2023). 

• Experiment  

• Mood 

measurement 

questionnaire  

• Creativity 

measurement  

 

Educational 

setting 

Students  

 
• Human 

behavior  

• Cognitive 

performance  

• Feeling of 

being active 

• Productivity  

• Biochromic 

window blind 

Energy 

optimization  

Estimation of the 

energy requirements 

of lighting in a 

building to highlight 

the improvements of 

lighting standards by 

consideration of the 

influence of daylight 

exploitation, and 

occupancy behavior 

(Parise et al., 2016). 

• Illuminance 

sensor  

Buildings  Occupants 

 
• Occupancy 

behavior  

• Daylight 

exploitation  

 

Energy 

optimization 

and health 

and 

wellbeing 

Study of the 

variables affecting 

blind usage 

considering 

occupant’s sensation 

and experience of the 

place. Surprisingly, 

there is a different 

blind usage behavior 

in non-office 

buildings (Zhang & 

Barrett, 2012). 

• Empirical study 

• Survey  

• Review  

• Logistic analysis   

 

High-rise 

office 

buildings  

Occupants 

 
• Lowering and 

raising actions 

in blind usage  

• Blind operation 

patterns  

• Solar radiation 

• Solar latitudes  

• Seasonal 

effects   

Thermal 

comfort  

Facilitation of 

pedestrian outdoor 

activities by 

optimization 

strategies for thermal 

comfort based on the 

consideration of the 

spatial differences in 

building shade and 

sunlight (Guo et al., 

2022). 

• Long-term 

observation  

• Survey  

• Questionnaire  

Outdoor 

environments 

Pedestrian  

 
• Pedestrian 

outdoor activity 

• Sunlight  

• Shade  

 

Health and 

wellbeing 

In a study on the 

daytime experience 

of the residential area 

to find the 

connotational 

relationship between 

visual properties and 

affective appraisal, 

activity has been 

correlated with 

clarity (Hanyu et al., 

2000). 

• Experiment  

• Subjective study  

Residential 

neighborhood 

Participants  

 
• Physical/mental 

behavior 

• Behavioral 

activities  

• Active  

• Physical action  

• Energetic 

behavior  

• Movement  

 

• Daytime   

Energy 

optimization  

The study of the 

control of lighting 

according to the 

actual presence of 

activities and 

• Case study  Educational 

buildings 

Students 

 
• Actual 

presence of 

activity  

• On-off 

switching 

• Actual 

availability of 

daylighting  

 



daylight availability 

in educational 

buildings (Martirano 

et al., 2014). 

Health and 

wellbeing 

and energy 

optimization  

Cultural difference 

would affect the 

custom of using 

lighting in home 

offices and the way 

lighting is perceived 

(Amorim et al., 

2022). 

• Photography  

• Survey  

 

Home offices  Occupants 

 
• Custom of 

using lighting 

 

• Daylighting  

Design 

quality and 

energy 

optimization  

Passive design 

strategy of 

daylighting 

according to the 

measured metabolic 

rate as one parameter 

of ISO 7730 standard 

for an energy 

efficient school 

(Filippín et al., 

2007). 

• Monitoring  

• Simulation  

• Survey  

School Students   

 
• Metabolic rate  • Daylighting  

 

Wellbeing 

and 

conservation  

The study of the 

Mesopotamian 

ancient urban forms 

according to the 

meaningful presence 

of daylight in the 

environment and the 

serious limitation of 

human activity by the 

strong daylighting 

(Shepperson, 2009). 

• Historic studies 

 

Ancient 

residential 

buildings 

Inhabitants 

 
• Human activity  

 

• Daylighting 

Wellbeing  The study of the 

beach user behavior 

according to the 

atmospheric 

condition during 

daylight hours (De 

Freitas, 2015). 

• On-site 

observation  

Beach Recreationists   

 
• Beach activity  • Weather 

condition  

• Daylight hours  

 

Thermal 

comfort  

Research on the 

amount of walking 

occurring in each 

locale in relationship 

with the weather 

condition conducted 

by observing the 

walking rate of the 

pedestrians and air 

temperatures (de 

Montigny et al., 

2012). 

• Web-based 

camera 

observation 

• Air temperature 

obtained from 

stations  

Locale Pedestrians • Walking  

 

• Weather 

condition 

• Sunlight  

Design 

quality  

The study of the 

behavioral 

adaptations of the 

visitors and the use 

of resting areas in 

city squares in regard 

to the daylight 

availability in sitting 

• Time-lapse 

photography  

• Observation  

Squares Visitors 

 
• Sitting 

behavior 

• Daylight 

availability 

 



areas (Krüger et al., 

2019). 

Thermal 

comfort  

The importance of 

controlling daylight 

and thermal 

condition in the 

sports buildings to 

meet performance 

requirements (Turrin 

et al., 2016). 

• Computational 

design  

Sport 

buildings 

Athletes 

 
• Sport activities 

 

• Daylight 

condition  

Thermal 

comfort and 

wellbeing  

In the study of the 

thermal perception 

and attendance of 

people in the public 

space, they found 

that not only human 

energy balance 

model addresses the 

influence of the 

climate on the use of 

public space but also 

behavioral factors 

(Lin, 2009). 

• Subjective 

Survey  

• Physical 

Measurements  

Square Visitors   

 
• Use of space 

• Attendance in 

the space  

• Sunlight  

• Thermal 

environment 

 

Wellbeing 

and thermal 

comfort  

The analysis of the 

sidewalk and street 

tree design and their 

impact of them on 

social and ritual 

activities such as a 

place for walking 

regarding the shading 

they provide from the 

sunlight (Tafahomi, 

2022). 

• Graphical 

analysis  

 

Street and 

sidewalk   

Pedestrians  

 
• Walking  

 

• Tree shading   

Wellbeing 

and design 

quality  

The study of the 

history of stained-

glass windows and 

the effect of sunlight 

modified through 

them in the creation 

of spiritual activities 

such as the formation 

of taste and 

imagination as well 

as positive mood 

(Obors' ka, 2015). 

• Subjective survey   

• Historical study  

Interior Users    

 
• Spiritual 

activity   

• Stained glass 

windows  

• Sunlight effect  

 

 

2. Results of the systematic review 

Through an analysis of the terminology used in the literature, six distinct categories emerge, each grouping related terms 

accordingly (Table 5).  

According to the analysis of this systematic review, criteria for categorization of different types of movement can be proposed 

based on the relationship between movement, space, and daylight: 

• Similarity or uniqueness in terminology (General criterion): Categorizing studies based on linguistic or terminological 

similarities used to describe various types of movement or interactions. 

• Intention of movement: Grouping studies according to the purpose or goal behind the movement, such as whether it is driven 

by necessity or the choice of a specific destination or just simply exploration. 



• Scale and time of movement: Categorizing based on the spatial scale (e.g., individual movement within a specific area versus 

group movement spanning larger spaces or zones) and the temporal aspect (e.g., immediate movement as short-term actions 

versus prolonged movement as long-term or continuous behavior). 

 

Table 5. Classification of technical terminology used to describe user movement directly or indirectly in daylighting research, 

highlighting the vocabulary through which movement dynamics are addressed. 

Impact 

 

 

Type  

of action 

 

 

Actions influenced by daylighting in the space 

 

 

Actions that affect daylighting in the space 

User* 

Experience 

and Spatial 

Utilization 

Use of space (Villalba et al. 2018) Domestic activity (Fantauzzi et al., 2015) 

Space utilization (Baehr-Bruyère et al. 2019) Pedestrian activities (Guo et al., 2022)  

Activity space (e.g. atrium) (Ratajczak et al., 2022) 

(Yunus et al., 2010) (Hourani and Hammad, 2012) 

Sports activities (Turrin et al., 2016) 

Activity development/accommodation (Ma and Yang, 

2022) 

- 

User activity (Chan et al., 2014) Work activity classes (Dolnikova et al., 2020) (Fakhari et 

al., 2021) 

Elderly activity (Yang et al., 2021) Activity-based needs (Kaiwen et al., 2016) (Manurung, 

2017) 

Feeling of being active (Warren et al., 2023) Everyday activity (Saranti et al., 2015) 

Pilgrimage/Worshipping activity, Spiritual activities 

(Taştemir et al., 2020) (Obors’ka, 2015) 

Occupant daily activities (Sari and Chiou, 2019) 

Performance of social activities (Hareri and Alama, 

2020) 

Actual presence of movement (Parise et al., 2013) 

Recreational Activity (de Freitas, 2015) (Elliott et al. 

2019) 

 

 

- Social and ritual activities (Tafahomi, 2022) 

Visual experience of movement (Almaiyah and Elkadi, 

2012) 

Dynamic User 

Positions and 

Spatial 

Locations 

Behavioral adaptation (Krüger et al, 2019) Occupant locations (Hosseini et al., 2020) 

Pedestrian location and speed (Zeibo et al., 2021) Occupant positions (Montaser Koohsari and Heidari, 

2022) (Atzeri et al., 2016) 

'Occupant's choice of location (Pan and Du, 2022) 

(Izmir Tunahan et al., 2022) 

 

- 

Position shifting (Bian et al., 2018) 

Walking and 

Transition 

Walking habits (de Montigny et al. 2012) Pedestrian movement 

(Adam et al., 2016) 

Movement patterns at the street level (Zacharias et al., 

2001) (Pandya and Brotas, 2014) 

Safe movement (Lasagno et al., 2011) 

Human physiological responses (Zacharias et al., 

2004) 

 

 

 

 

- 

User movement patterns (Liu et al., 2016) (Park et al., 

2015) (Andersen et al., 2013) 

Routing decisions (Bruse, 2007) 

Act of walking, moving (Panahiazar and Matkan, 

2018) (Zacharias et al., 2001) 

Internal movements (Kristo and Kristo, 2021) 



Energetic behavior (Hanyu, 2000), liveliness 

(Nasrollahi and Shokri, 2016)  

Physical 

Interaction 

Adjustment of user activities (Wang and Boubekri, 

2009) (Wang and Boubekri, 2011) 

Manual interaction with/control of daylighting system 

(e.g. blinds) (Zhang and Barrett, 2012) (Cılasun 

Kunduracı and Kazanasmaz, 2019) (Hammes and 

Weninger, 2023) (Kyle Konis, 2013) 

 

 

 

 

- 

User actions/reactions/interactions with daylighting 

system (Katsanou et al., 2019) (Salem and Elwakil, 

2017) (van den Wymelenberg, 2012) (Heydarian et al., 

2015) 

Adaptive behavior, user habits, daily activity schedules, 

switching behavior, custom of using lighting, stochastic 

user behavior (Lim et al., 2017) (Rakha et al., 2018) 

(Gunay et al., 2017) (Bournas and Dubois, 2020) 

(Martirano et al., 2014) (Fieldson and Sodagar et al., 

2017) (Das and Paul, 2015) (Amorim et al., 2022) 

(Gilani et al., 2016) 

Disruptive 

User-Space 

Interaction 

Occupant migration/escape (Rezaee et al., 2009) 

(Sakarellou-Tousi and Lau, 2009) 

Delay in manual control (Perwita Sari and Chiou, 2018) 

(Sanati and Utzinger, 2013) 

User interaction with lighting/cooling system (Jiang et 

al., 2022)  

Disruptive movement (la Garce, 2004) 

Metabolic rates (Korolija et al., 2013) (Filippin et al., 

2007) 

- 

Occupation 

Over Time 

Occupancy time/duration (Jens and Khoudi, 2023) 

(Chiogna and Frattari, 2013) (Guan and Yan, 2016) 

Occupation cycle (Hunt, 1979) 

 

Space occupation hours (Moazzeni and Ghiabaklou, 

2016) (Nezamdoost et al., 2018) 

- 

Activity-Rest Patterns, The Non-Visual Response, 

Physical Activity, Daily Activity (Lee and Boubekri, 

2020) (Hu and Davis, 2021) (Abidi and Rajagopalan, 

2020) (Pechacek et al., 2008) (Figueiro and Rea, 2016) 

(Amundadottir et al., 2013) (Flores-Villa et al., 2020) 

(Afacan and Demirkan, 2016) (Fonseca et al., 2006) 

(Reynaud et al., 2022) 

 

*In this table, the term "user" is used as a universal reference to signify not only "user" but also "human" or "occupant" which have 

been used in the literature. For simplicity and consistency, only "user" is shown in the table, serving as an inclusive term for any human 

agent within a built environment. 

 

Based on the table above (5) in this annex, first category referred to as ‘User Experience and Spatial Utilization’ focuses on how 

users engage with the space, including the type of activity being performed and the functional use of different areas. It emphasizes how 

the space serves users' needs in relation to their behaviors and activities within it. The second category, ‘Dynamic User Positions and 

Spatial Locations’ addresses the user's physical state in terms of their direction, location, position, and speed within a space. It tracks 

the user's movement and orientation, helping to understand how they navigate and occupy different areas within a built environment. 

The third category, ‘Walking and Transition’ pertains specifically to the act of movement itself, including walking, transitioning, or 

shifting from one area to another within the space. It is concerned with how users physically move throughout the environment. 

Moving on, the fourth category, ‘User Interaction’ refers to how users interact with space elements, particularly those influenced by 

daylighting. It includes actions like adjusting lighting controls, interacting with windows or blinds, or responding to changes in natural 

light levels, and their impact on movement and behavior within the space. The fifth category, ‘Disruptive User-Space Interaction’ 

focuses on the negative consequences of interactions between the user and the space in daylighting studies. It includes disruptions 

caused by space elements (such as blinds or other electrical devices), which negatively affect energy efficiency or put users at risk, 

leading to discomfort, unsafe conditions, or even the need to leave the space. This also includes disruptions caused by the user's own 

actions within the space. Finally, the category ‘Occupation Over Time’ examines the amount of time users spend in different areas of 

the space. It relates to how long users occupy certain zones, potentially influencing daylight exposure and movement patterns within 

the space over extended periods. This categorization could result in a better understanding of movement for future categorization and 

identification of the methods used to address user movement according to scale and level of actions.  

 


