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Abstract  
The results of existing research regarding the relationship between color temperature, lighting 

parameters, and mental state have limited data on multi-user space. This study is aimed at 

identifying the possible effect of color temperature and illuminance on mood, concentration, 

and, as a result, improvement or deterioration of the performance. During the experiment, the 

participants solved problems related to professional and educational activities. The collection 

of data on the mental state of the subjects was carried out automatically using an electronic 

survey including: self-assessment scale (SAN), state-trait anxiety inventory, visual-associative 

self-assessment of the emotional state of the masked personality, subjective well-being scale. 

In addition, to the assess performance, Kraepelin Table was used. The relationship between 

lighting and the mental state often manifests itself after a long-term effect. The illumination 

modes 3500 K 325 lx and 4000 K 300 lx are the most optimal modes for implementing artificial 

lighting in adaptive systems for office spaces. The collected results, conclusions, and 

recommendations were based on correlating the data of psychological surveys of participants 

and an objective method of analysis based on the investigation of the keyboard handwriting of 

subjects. The results show that color temperature and light levels affect behavior, mood, and 

performance in multiplayer environments. Taking into account the results obtained, this 

adaptive lighting technology can be introduced into the system of an office or study space, 

where adaptation is important not only for a specific person, but also for a group of users. 
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1. Introduction 

The proven effect of light on the human body causes a variety of circadian, psychophysiological, 

and non-visual reactions. For example, non-visual reactions include suppression of melatonin. 

Melatonin increases concentration and performance [1, 2, 3, 4, 5, 6]. The photoreceptor cells of the 

retina are responsible for the response to light exposure; these are the cone and rod exteroceptors, as 

well as the cells of the retinal ganglion layer (ipRGC). ipRGCs are not directly involved in human 

vision, but they are associated with circadian rhythms due to a special spectral sensitivity with a 

maximum value at 550 - 555 nm. [7, 8, 9]. Circadian rhythms refer to 24-hour cycle changes in 

biological processes during periods of sleep-wakefulness.  

The reactions of ipRGC photoreceptors depend on such parameters of illumination as the exposure 

time, spectral characteristics of radiation, and level of illuminance. Noteworthy, at low illuminance 

levels of 10 to 15 lux and short duration of light exposure, visual photoreceptors (rods and cones) have 

a relatively greater contribution to non-visual responses. 
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Artificial lighting, as one of the many environmental factors affecting an office worker, critically 

impacts on the physiological and psychological functioning of the human body [10, 11, 12, 13]. 

Incorrectly designed lighting manifests itself in a mismatch in the illuminance of the workspace, 

increased pulsation of the luminous flux (more than 20%), irrelevant spectral characteristics of lighting, 

and uncomfortable luminance. Therefore, incorrectly selected parameters of the light environment 

reduce the visual comfort and well-being of workers, lead to overwork, discomfort, migraines, and 

insomnia [11].    

The mental state of a subject responds differently to exposure to light during the day [12, 13]. Night 

exposure to artificial light leads to increased anxiety and disruption of circadian rhythms. This aspect 

directly affects the state of performance and “flow” in the case of full involvement in an activity [8, 

18]. Studies have shown the effectiveness of using lighting with a cold correlated color temperature 

(over 5000 K) to increase concentration during the day and suppress melatonin [12, 23, 24]. Daytime 

exposure removes the effect of drowsiness and quickly attunes a subject to work or study [15, 16, 17, 

18]. However, existing research has insufficiently characterized the influence of various spectral 

characteristics on the improvement of the mental state and performance. There are significant gaps in 

the optimal integration of the acquired knowledge into adaptive lighting systems (ALS) that adjust to 

the user’s mental state. Usually, users have to spend much time learning how to interact with the system. 

Currently, the systems have no sufficient data to flexibly adapt to the expected activity of the user and 

their mental state. As known, the subjective concentration increases in response to a short-duration blue 

radiation pulse (with a maximum spectral radiation density of about 460 nm) equal to 10 minutes in 

contrast to the long-wavelength radiation of a warm spectrum identical in duration and intensity (with 

a maximum spectral radiation density of about 575 nm ) during the day [20, 21, 22]. 

Taking into account the interrelation of the spectral characteristics of light, circadian rhythms, and 

mental state, we assume it is possible to significantly influence the periods of human activity using 

artificial dynamic lighting. An effective impact is likely to be achieved by changing the color 

temperature and illuminance: neutral lighting (~ 4000 K) does not have a significant effect on a subject’s 

activity - relaxation; high temperature (more than 5000 K) increases activity and productivity, reducing 

drowsiness; low color temperature (2500-3000 K) soothes the agitated state and has a regenerating 

effect on the body's resources [22]. 

Therefore, we hypothesize that changing the color temperature and illuminance level of the 

workspace during the day can improve the employee’s overall emotional background and the work 

quality in multiuser spaces. The hypothesis was tested in the course of the present study. 

2. Methods 

1. Comparative analysis method: 

- an overview of the ways of implementing ALS, their features and limitations. 

2. The method of empirical research  

- conducting an experiment aimed at obtaining data on the influence of photometric characteristics 

of light devices on the mental state of a subject. 

3. Interdisciplinary approach 

- creation of a conceptual part of the ALS and an experimental platform; 

- development of a package of methods for conducting primary and secondary research for the 

selection on the groups of respondents together with psychologists of St. Petersburg State 

University; 

- digital data processing: 

- ANOVA, regression, and correlation analysis, using the nonparametric method of the Pearson 

agreement criterion; 

- program software library in Python for processing keyboard handwriting data; 

- development of ALS software and hardware: 

 - development of a hardware module for controlling lighting equipment; 

- development of a software module for determining the mental state of users (control units for the 

level of illumination and color temperature, data collection from light sensors, CO2, pressure, 

temperature and humidity, data collection for passing psychological tests using a WEB application). 



2.1.  Participants and conditions of the experimental study 

The study involved 21 people of different genders and professional activities, the age range was 

from 21 to 35 years. Limitations of participation were the following: visual defects, diagnosed 

psychological diseases, the presence of colored or tinted contact lenses. All participants signed an 

informed consent to conduct the experiment and to process personal data. 

Based on the analysis of the fields of activity, the following categories of subgroups were formed: 

programming (15 participants), design and architecture (4 participants), medicine (2 participants). 

After the initial selection, 16 out of 21 subjects were divided into control and experimental groups 

based on the results of psychological testing. Each group consisted of 8 participants. At the time of the 

experiment, the subjects were unaware of the criteria used to be divided into groups. However, the main 

factor for the division into control and experimental groups was introversion and extroversion 

indicators. 

The experiment was conducted in the scientific laboratory “Cognitive non-verbal” of the National 

Center for Cognitive Technologies (NCCT) of ITMO University (St. Petersburg, Birzhevaya str.16, 

room 408). The total duration of the experiment is from March 9 to April 2, 2021, with 1 control and 3 

experimental weeks. Each week had its own schedule of light modes and one control day of the same 

mode (300 lux 4000 K) – Wednesday. 

The participants spent a full working day (10:00-18:00) in a coworking space designed for 8 

workplaces. The subjects could solve tasks related to professional and educational activities. Data on 

the mental state of the subjects was collected automatically during the experiment. During the working 

day, the subjects passed 10-15 minute electronic questionnaires every day at 10:00, 13:00, 16:00, and 

18:00. 

The first group (control) was in room 408 from 10:00 to 18:00 from 09.03.21 to 12.03.21 with a 

lunch break (from 13:00 to 14:00). The second group (experimental) was room 408 on working days 

from Monday to Friday from 10:00 to 18:00 from 15.03.21 to 02.04.21 with a lunch break (from 13:00 

to 14:00). In the first experimental week, during the working day, the subjects also passed 10-15-minute 

electronic questionnaires at control points. During the second and third experimental weeks, the 

conditions of the experiment and the time intervals were unchanged.  

2.2.  Research protocol: light modes 

Photometric characteristics were used as an independent variable: the correlated color temperature 

of the lamps and the illumination level of the working area. 

Based on the analysis of existing studies on the influence of changes in spectral characteristics and 

illumination on the human condition, the main scenarios of an adaptive lighting system were formed 

shown in Figure 1: 

1. Standard 300 lux, 4000 K; 

2. Concentrate 1060 lux, 5800 K; 

3. Activation 675 lux, 6100 K; 

4. Relaxation 325 lux, 3500 K; 

5. Maximum relaxation 275 lux, 2700 K. 

For the control week and all control days of the same mode (Wednesday), a static neutral light mode 

Standard (4000 K 300 lux) was used. 

In the first experimental week (from 15.03.21 to 19.03.21), the subjects performed their daily work 

activities under a given lighting mode Activation (6100 K 675 lux). 

In the second experimental week (from 22.03.21 to 26.03.21), the Maximum relaxation light mode 

(2700 K 275 lux) was introduced. 

The third experimental week (from 29.03.21 to 02.04.21) became a platform for testing dynamic 

lighting and studying its influence in comparison to the static modes. Therefore, a mode with dynamic 

lighting was installed according to this schedule: 

Monday - 10:00-13:00 - Relaxation 3500 K 325 lux, 13:00 - 14:00 - Standard, 14:00-18:00 - 

Activation 6100 K 675 lux. 



Tuesday - 10:00-13:00 - Activation 6100 K 675 lux, 13:00 - 14:00 - Standard, 14:00-18:00 - 

Relaxation 3500 K 325 lux. 

Thursday - 10:00-13:00 - Relaxation 3500 K 325 lux, 13:00 - 14:00 - Standard, 14:00-18:00 - 

Concentrate 5800 K 1060 lux. 

Friday - 10: 00-13:00 - Concentrate 5800 K 1060 lux, 13:00 - 14:00 - Standard, 14:00-18:00 - 

Relaxation 3500 K 325 lux. 

 

 
Figure 1:  Temporal distribution of light modes and mental state for the control and experimental 
groups (1-4 weeks of the experiment) 

2.3.  Study protocol: stress factors 

During the working day, to create a stressful situation, stress factors were introduced into the 

working field of the subjects: noise and cognitive tasks with a time limit. Stress factors for the two 

groups were implemented in the same format: for 15 minutes 3 times per day. The time of introduction 

of the stress factors was determined randomly. Frequency of the stress factors introduction was the 

following: morning stress factor (interval 10:00-13:00) - blue or purple noise , lunch stress factor 

(interval 14:00-16:00) – tasks for the allotted time, evening stress factor (interval 16:00 – 18:00, time 

for stress factor) – blue or purple noise. 

2.4.  Methods for determining the mental state of participants 

To track the change in the mental state of the experiment participants in the conditions of an office 

day, a package of diagnostic methods was developed in consort with a group of psychologists of the 

University of St. Petersburg State University. Currently, more and more users’ workplace is equipped 

with a computer. Therefore, data on changes in the behavior and stress state in a group of subjects were 

taken using the characteristics of the keyboard handwriting, as well as using subjective data about the 

state of a person. These data include the results of electronic questionnaires related to the current 

psycho-emotional state: visual-associative self-assessment of the personal emotional state, sleep 

assessment scales, and the subjective well-being scale. The technique was developed by N. P. Fetiskin 

[27], and it is intended for express diagnostics of several emotional states based on the choice of 

reference masks that correspond, in the opinion of the subject, to their current state. The sleep 

assessment scales demonstrate the dynamics of the sleep quality and quantity during the experiment. 

The subjective well-being scale allows to record the degree of lighting influence on working 

performance. 

When interpreting the test responses (sleep assessment scale, insomnia severity index (insomnia), 

visual-associative self-assessment of the emotional state of the subject, subjective well-being scale), an 

integral indicator is calculated for the entire study period and the dynamics of changes is analyzed. 



The method of assessing the psychoemotional condition using the characteristics of keyboard 

handwriting is harmless and painless for subjects, and its correlation with the survey data allows 

avoiding false conclusions in the interpretation of the study results. 

To implement the task of noninvasive objective data collection on the mental state of the 

experimental participants, the program for collecting and analyzing keyboard handwriting information 

calculates such parameters as: 

 input dynamics (the time between keystrokes and the time they are held); 

 input speed (the result of dividing the number of characters by the printing time); 

 the number of overlaps between the keys; 

 using the keys to print capital letters; 

 the frequency of errors when entering. 

To implement the task of non-invasive subjective data collection on the mental state of the 

experiment participants, a web application was developed with access to the survey material and an 

intuitive interface. The Telegram chatbot daily sent a reminder link at a fixed time. 

3. Results 

Apps collected data on assessing the influence of lighting on the mental state were compiled using 

keyboard handwriting and a package of psychological techniques. The data was collected continuously 

for four weeks every working day. 

The results of the control and experimental groups were qualitatively and quantitatively compared 

according to the indicators of psychological tests between 1st and 2nd weeks and the assessment of 2nd, 

3rd and 4th weeks; the comparison was pairwise. The results mean that 1st week is an investigation of 

the control group, 2nd, 3rd and 4th - of the experimental group. The results of this study describe only 

statistically significant results. 

3.1.  Results of the analysis of subjective web questionnaires 
3.1.1. Comparison of 1 week (control group) and 2 week (experimental group) 

Performance is one of the most critical indicators of a person in an office or educational space. This 

study revealed that the working performance in the experimental and control groups is different (Figure 

2). Performance on Wednesday in the control group (2 week) increased by 0.089 compared with the 

control group's working capacity (1 week). The deviation from the background value of the performance 

indicator was +0.044. It means a positive dynamics of the change in performance in the mode of 6100 

K 675 lux. 

Lighting activated the subjects at 18:00 on Wednesday (according to a subjective assessment) more 

in the experimental group (2 week) than in the control group (1 week) (Figure 3). These data were 

obtained during a subjective assessment of lighting. This indicator had a positive trend when compared 

with the background value (an increase of 11,687). 

It is also worth noting that sleep is essential for a subject's well-being in addition to productivity. It 

is the sleep that affects a subject’s mood, concentration and health in the long term. The quality of sleep 

in the 6100 K 675 lx mode is lower compared with the 4000 K 300 lx mode (-0,625) (Figure 4). At the 

same time, the quality of sleep at 4000 К 300 lux increased if compared with background measurements 

(+0,312). This fact shows a positive effect of the light mode of 4000 К 300 lux on the quality of sleep 

of the subjects. 

 



 
Figure 2:  Performance the control and experimental groups on Wednesday at 10:00 and 18:00 

 

 
Figure 3: Distribution of self-assessment "lighting activates-lighting relaxes" in the control and 
experimental groups on Thursday 

 

 
Figure 4: Sleep quality indicator in the control and experimental groups on Thursday 

 

A good mood can reduce the rate of overwork of an employee and increase resistance to stress at 

work. This indicator was also studied when changing the light modes. The mood indicator in the control 

group 1 week was higher compared with the experimental group 2 weeks (an increase of 0.9) of the 

measurement on Thursday. The level of deviation from the background value of the indicator was 

+0.45.  This result indicates a positive dynamics of the influence of the light mode of 4000 K 300 lux 

on mood. 



The indicator of the overwork degree for a comprehensive study of lighting was also considered. 

The main reason for overwork is the discrepancy between the duration and severity of work and rest 

time. In addition, a factor of overwork development can be an unsatisfactory working environment. The 

indicator of overwork in the experimental group tends to increase. The degree of overwork in the 

experimental group (2 week) is higher than the indicator of the control week (1 week) (+ 5.25) (Figure 

5). The indicator of overwork is higher in the control group (2 week) compared with background 

measurements (+2.625). It can be concluded that there was a minimum degree of overwork in the 

control group (1 week). In the experimental group (2 week), this level was within the average values 

range. 

 
Figure 5: SAN’s mood indicator in the control and experimental groups on Thursday 

 

3.1.2. Comparison of 1 week (control group) and 2 week (experimental group) 

Initially, we considered the subjective assessment of the overall lighting when comparing three 

weeks with different modes but with the same subjects. Thus, the subjects rated the light mode of 6100 

К 675 lux as the most activating - 80%, and the most relaxing mode was 2700 K 275 lux - 40% 

(measurements at 18:00). The performance indicators at 10:00 and 18:00 on Thursday in the 2nd, 3rd, 

4th weeks are shown in Figure 6. 

 

 
Figure 6: Results of performance indicators of the experimental group on Thursday of the 1st, 2nd 
and 3rd experimental weeks 

 

A decrease in the level of performance by the end of the day was revealed in 2 weeks (6100 K 675 

lx) of the study. At the same time, the activity level by the end of the day had the highest value. In the 

3 week (2700 K 275 lx), there was a slight decrease in performance at the beginning of the day. By the 

end of the day, the level of performance increased, but at the same time, the level of activity decreased. 

A decrease in the level of activity is also observed in the 4th experimental week, but the level of 

efficiency had high indicators during morning and evening measurements. This result may be correct 

because the afternoon mode was 5800 K 1060 lux, which positively affects the concentration of the 

subjects. 



In general, it appeared that the activating mode was 6100 K 675 lux. The mode of 2700 K 275 lux 

was the least comfortable for the subjects. The lighting modes of 3500 K 325 lux and 4000 K 300 lux 

were the most optimal modes. 

3.2.  Results of the analysis of keyboard handwriting 

The program for evaluating keyboard handwriting recorded data on the keystrokes on the keyboard. 

Then the following parameters were calculated: 

 input dynamics (the time between keystrokes and the time they are held down);  

 input speed (the result of dividing the number of characters by the print time);  

 number of overlaps between keys;  

 using keys to print capital letters;  

 frequency of input errors; 

 quantity of symbols. 

Table 1 shows data on the average percentage distribution of the number of characters and the 

number of errors on Mondays during the experiment. 

 

Table 1 
Distribution of the number of characters and the number of errors on Mondays  

Week - lighting mode 

 
1 week - 4000 К 300 

lux 
2 week - 6100 K 

675 lux 
3 week - 2700 K 

275 lux 

4 week -  3500 K 
325 lux, 6100 K 675 

lux 

time % of  number of characters per day 

10:00-
11:00 

18,6 15,7 22,9 16,3 10,6 9,9 7,5 11 

11:00-
12:00 

13,9 17,7 24,5 19,3 11,2 12,9 2,7 2,8 

12:00-
13:00 

15,8 12,4 24,1 23,7 19,3 22,1 8,2 6,9 

13:00-
14:00 

5,1 5,1 0,7 1,1 3,1 2,4 7 8,5 

14:00-
15:00 

14 16,3 3,3 2,5 18,3 17 19,2 16,7 

15:00-
16:00 

15,3 16,3 15,3 14,6 11 10,4 23,3 19,2 

16:00-
17:00 

8,9 8,4 5,7 14 16,9 16,6 13,9 14,8 

17:00-
18:00 

9,4 8,2 3,5 8,5 9,6 8,8 18,1 20,1 

 

The analysis of data on the mental state and keyboard handwriting makes it possible to conclude the 

influence of each lighting mode on the participants. 

1. The lighting mode with a color temperature of 4000 K and an illuminance of 300 lux was found 

to be the most optimal mode for the subjects. The subjects had consistently high indicators for the 

number of characters and a tiny number of errors when entering text compared to the other three 

weeks. The better values of these indicators were recorded at 10:00, 13:00 and gradually decreased 

by the end of the day. 

2. The performance and activity levels were consistently high in the first half of the day in the 

second week using the lighting mode of 6100 K and 675 lux. At the same time, the total number of 

characters increased compared with the first week. It is worth noting that the number of errors 



remained at the same level as in the first week. Some participants reported increased productivity 

under this mode but an unsatisfactory mental state. Irritability, anxiety and significant fatigue by the 

end of the day was also observed. 

3. The levels of performance, emotional state, and activity were low in the third week (mode 2700 

K and 275 lux). In addition, the total number of errors increased when compared with the first week 

of the experiment. Also, the amount of the text entered decreased when compared with the first 

week. This mode has a negative impact on the mental state and performance of individual 

participants. Participants noted drowsiness and reduced motivation to work. 

4. The subjects maintained consistently high indicators of mental state and the level of 

performance in the fourth week. Schedule of changes in lighting modes: 10:00-13:00 - Relaxation 

3500 K and 325 lux, 13:00 - 14:00 - Standard, 14:00-18:00 - Activation 6100 K and 675 lux. The 

subjects typed a large number of characters while making a small number of errors when entering 

text in the afternoon under this mode. The smallest number of errors is observed from 10:00 to 14:00, 

compared with all previous weeks. At the same time, the subjects experienced problems with sleep, 

felt tired, and emotional instability by the end of the day. 

4. Discussion 

One of the main results of the study is the obtained dependences describing the subject's reactions 

under illumination with different photometric characteristics. When designing adaptive lighting 

systems, as the most effective systems for improving the performance and mood of a subject, all 

technical solutions should correlate with the user’s mental state.  

According to the data obtained, it can be argued that the spectral characteristics and the level of 

illuminance affect the change in the indicators of the subject’s mental state, the quality of their sleep, 

and performance. 

With the illumination mode 6100 K 675 lx, the maximum level of activity of the ALS participants 

is achieved. Also, with this mode, there is a negative effect on sleep. Subjects can feel tired and 

emotionally unstable towards the end of the day. This mode appears to be resource-intensive for the 

subjects, but at the same time it increases the level of their productivity. It can be argued about the 

effectiveness of this mode, hence, more research and developing new techniques are needed to facilitate 

the subject’s activation with a minimum waste of resources.   

At 2700 K 275 lx mode, the minimum values are observed for all indicators during the day (low 

level of assessment of subjective well-being, performance, emotional state). It is not recommended to 

use this mode as static lighting in an office space in the flow and during the whole day, but a dynamic 

system is effective at the relaxation stage.   

The illumination modes 3500 K 325 lx and 4000 K 300 lx are the most optimal models for the 

implementation of artificial lighting in adaptive systems for office spaces. These modes allowed to 

achieve the best results in the indicators of the level of the subject’s mental state, the psycho-emotional 

state, and the subjective assessment of the well-being of workers. Minimal spending of subjects' 

resources was observed when performing working activities (Kraepelin's arithmetic test, the scheme of 

the degree of fatigue, the Luscher Color Test). 

Future solutions in the field of interior lighting design have to be adapted not only for a specific 

participant, but also for a group of subjects while improving lighting conditions in any type of space. 

This adaptive lighting technology can be incorporated into a smart home system, which provides the 

suitability of its use in residential premises, taking into account suitable lighting scenarios.     

The results obtained in this study are a prerequisite for the development of self-learning systems. In 

the future, such technologies will facilitate the training of lighting systems and developing the user’s 

profile without direct interaction with the system. Developments on creating the subject’s profile are 

already underway at ITMO University [26]. In addition, the study obtained the trail of the keyboard 

handwriting, audio and video data, which contribute to the algorithm compilation for the future smart 

lighting system. 
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