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ABSTRACT: Lighting levels and wall color are thought to have an influence on work productivity, as both are
aspects of the physical work environment that can affect visual comfort and psychological atmosphere for
workers. This study aims to analyze the effect of lighting levels and wall color on work productivity and find the
best combination of results. Through a 3x3 factorial experimental design, the study population consisted of 108
final year students Industrial Engineering in 2019 at Sebelas Maret University. Research used convenience
sampling method, 16 subjects were selected as research participants. The observed variables were lighting levels
at 75 lux, 100 lux, and 125 lux, as well as wall colors Sage Green, Honey Yellow, and White. Work productivity
was measured by folding food cardboard boxes, as a simulated work activity, and the results were measured
based on the number of boxes successfully folded in a 10-minute interval. Data processing used Two-Way
ANOVA and Regression Response Surface to identify the influence and best results of the variables. The results
revealed that lighting level and wall color each had a significant influence on work productivity, with a
significance value of 0.000. In addition, the interaction between lighting level and wall color is also significant on
work productivity, with a significance value of 0.005. The best result found was using a lighting level of 125 lux
and a wall color of White.
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1. INTRODUCTION

The emergence of a global crisis and similar companies engaged in the same field has resulted in intense
competition in the business environment so that companies must have high work productivity by optimally
managing their resources. According to Siagian (2019), work productivity is the ability to get the maximum
benefit from the available facilities and infrastructure by producing optimal output, if possible the maximum.
Companies must be able to build and increase productivity in their environment by thinking about many factors
that can make workers comfortable working in the office. The creation of an ideal work environment can be
done to improve work comfort, because humans cannot be separated from the various conditions that exist
around their workplace, known as the work environment (Sahira, 2018). One of them is by creating an ideal work
environment. Work environment indicators can be divided into 2 parts, namely physical and non-physical.
Physical includes the level of lighting in the workplace, air temperature in the workplace, air circulation in the
workplace, noise in the workplace, wall color in the workplace, decoration in the workplace, security in the
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workplace (Armanusah, 2017). One of the most influential work environment factors is the level of lighting
because it has a direct impact on workers. Appropriate lighting levels help employees feel comfortable and
reduce stress in the workplace (Suri & Mariatin, 2018). According to Widarobi, Yadi, & Mariawati (2013), if the
lighting level is insufficient, labor productivity can decrease.

Lighting levels are one of the most influential work environment factors because the factor has a direct impact
on workers because according to Widarobi (2013), if the lighting level is inadequate, it can cause labor
productivity to decrease. Not only lighting levels that affect work productivity, wall color is also one of the
influential factors, according to Lee (2011) the effect of wall color is not limited to decorative; wall color also
plays an important role in how we feel and respond to our surroundings, wall color can also stimulate us both
visually, and emotionally. In addition, wall color has both visual and emotional effects. Costa et al. (2018) state
that wall color can affect satisfaction, psychological function, and social function in addition to providing
aesthetic value. The influence of wall color is quite important for the occupants of the room, so it becomes an
important element and plays an important role in the interior (Zein, Tamara, & Khaerunnisa, 2013).

There are studies that have proven a significant influence between lighting levels and wall color on work
productivity. Research by Yeye, Puspandhani, & Maryati (2018) proves that out of 75 rooms in hand-written
batik workers, 39 rooms meet the lighting level standards (52%) while 36 rooms do not meet the standards
(48%). These results are in line with the number of samples who did not experience eye fatigue, namely 41
workers (54.7%) and the remaining 34 people experienced eye fatigue (45.3%). In addition, based on the p value
of 0.000, it can be concluded that lighting levels affect work productivity and fatigue. There is a relationship
between wall color in offices in DKI Jakarta and employee productivity, according to research conducted by
Alkhathiri and Sari in 2019. Very influential, 83%, and other variables affect 17%. Research by Ruwana, et al.
(2021), explained that of the yellow, green, and dark blue wall colors that increase work comfort in the assembly
part of the manufacturing industry is the green wall color with a color wave of 460 nanometers increasing to
570 nanometers and can reduce diastole 2.95% and systole 1.29%. The effect of green wall color can reduce
heart rate, blood pressure, and pupil size and it has a positive effect on workers' physical comfort.

This study aims to analyze the effect of lighting and wall color on work productivity, the method used is a 3x3
factorial experimental design which will be carried out in the climate room of the Work System Design
Laboratory and ergonomics at Industrial Engineering, Sebelas Maret University. The sample taken is 16 final year
students of Industrial Engineering Universitas Sebelas Maret who will simulate work activities in the form of
folding food cardboard boxes because the activity requires a focus on accuracy so that work productivity can be
calculated. The instruments to be studied are the lighting levels of 75 lux, 100 lux, and 125 lux as well as the wall
colors of Sage Green, Honey Yellow, and White on work productivity by looking at the number of boxes
successfully folded by each sample. Data processing uses Two-Way ANOVA and Regression Response Surface
methods to get the best results from the variables studied so that the benefits are obtained by providing
recommendations for lighting levels and wall colors for companies to create work productivity.

2. RESEARCH METHODS

This research uses experimental design research which is a method used to determine the impact of a factor on
certain variables. In this study, a type of experimental design was used, namely a 3x3 factorial design. The
research was conducted in the Climate Room of the Work System Design and Ergonomics Laboratory (LPSKE),
Industrial Engineering Study Program, Faculty of Engineering, Sebelas Maret University. This research was
conducted from March 27, 2023 to April 6, 2023. The research population was 108 final year students of
Industrial Engineering class of 2019 at Sebelas Maret University. Research subjects are individuals, objects, or
organisms that are used as sources of information needed in collecting research data. In quantitative research,
the determination of research subjects is carried out when the researcher begins to make a research design.

The research subjects were selected by convenience sampling method using 16 research subjects. In this study,
the instruments used were 3 lighting levels, namely 75 lux, 100 lux, and 125 lux because the decision of the
Minister of Health of the Republic of Indonesia Number 1405 of 2002 states that the lighting intensity in
workspaces and manual labor requires a lighting level of 100 lux. The lighting level becomes the standard in the
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research, while 75 and 125 lux become the comparison. The wall colors to be used are white, green Sage Green,
and yellow Honey Yellow because green and yellow have a psychological meaning of color, providing persistence
and adding calmness. The white color provides tidiness and order, and is also a basic color that is often used on
workplace walls. The folding of food cardboard boxes is a simulation of work activities to determine work
productivity by counting the number of food boxes that are successfully folded per 10 minutes and determining
that the activity is productive when it produces 20-30 boxes per 10 minutes.

The data collection method used in this study is to collect data with a factorial model, where each
participant feels the effect of each treatment given. This model is used to study the relationship between several
factors or independent variables with the dependent variable. The following is an illustration of the experimental
design used in this study shown on Table 1.

Table 1. 3x3 Factorial

75 Lux 100 Lux 125 Lux
(B1) (B2) (B3)
Sage
Green Al, Bl Al, B2 Al, B3
(A1)
Honey
Yellow A2, Bl A2, B2 A2, B3
(A2)
White
A3, Bl A3, B2 A3, B3
(A3)

The data processing methods used in this research are Two-Way ANOVA and Regression Response Surface.
Before using Two-Way ANOVA, it must go through the Shapiro-Wilk normality test and Levene's homogeneity
test.

The Shapiro-Wilk normality test is a statistical method used to test whether a data sample comes from a
normally distributed population. The following is the formula for the Shapiro-Wilk normality test.

T3 = % [ a; (X — Xi]z (1)
D =31 (X —X)? (2)
G = by + ¢y +In(252) (3)
Description:

D = Based on the formula below = Shapiro Wilk test coefficients

X_(n-i+1) = The n-i+1th number in the data

X_i = The i-th number in the data

X = Average of the data

G =Identical to the normal distribution Z value

T_3 = Based on the above formula bn, cn, dn = Conversion of Shaprio-Eilk statistics to normal distribution
approach

Levene's homogeneity test is a statistical method used to test whether the variations (variants) of two or more
groups or samples of data are the same. This test helps in determining whether there is a significant difference
between the variants of these groups. Here is the formula for Levene's homogeneity test:

_ -k Y ni(2i-12)?2
(k-1 3k, Z;-Zl(Zij-zi.)z

Description:

(4)

n = Number of Observations
k = Number of Groups
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Z_ij=|Y_ij-Y_(i.) |

>

.) = Mean of the i-th group

N>

_(i
_(i.) = Group mean of Z_i
()=

N>

Overall mean of Z_jj

Two-Way ANOVA is used when the source of variation is not only due to one factor. Other factors that may be
a source of response variation must also be considered, such as other treatments or conditioned factors.
Consideration of including a second factor as a source of diversity is necessary when the factor is grouped, so
that the diversity between groups is very large, but small within the group itself. The purpose of the Two-Way
ANOVA test is to determine whether there is an effect of the various criteria tested on the desired results. Two-
Way ANOVA is described in table 2 as follows:

Table 2. Two-Way ANOVA Analysis

Source Sum of Free Center Square FHitung
of Squares Degree
Diversity
Center JKB
Row JKB r—1 s? =" fi
Value " _ 5,
=<7
Column 3
JKK
Center JKK c—1 5,2 =
c—1
Value
f
(r % _ s,
Error JKG - 1(c _ JKG 552
-1 r—1D(c-1)
re
Total JKT —1rc
-1
T2.
JKT = {:1 Z§=1 xijz T e (5)
— Z{=1TL-2 _&
JKB = == —— (6)
i Ti* 72,
JKK = 22— - (7)
JKK = JKT — JKB — JKK (8)
Description:

JKT: Total Sum of Squares
JKB: Sum of Row Squares
JKK: Sum of Column Squares
JKG: Sum of Squares of Error

Before performing a response surface regression, a lack of fit test must be performed. The lack of fit linearity
test is a statistical method used to test whether the resulting linear regression model fits the data linearly. This
test compares the difference between the values predicted by the model and the observed values at points not
used to build the model. The following is the formula for the lack of fit linearity test:

F=X—9)" - 20— 9)? (9)

Notes:
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F = sum of squares of lack of fit.

yi = observed value at the i-th point.

¥i = the value predicted by the model at the i-th point.
y = mean of the observed values

Response Surface Regression is a set of mathematical and statistical methods used in modeling and analysis,
which aims to see the effect of several quantitative variables on a response variable and to optimize the response
variable. In this study, we will look for the level of lighting and the type of wall color that can optimize work
productivity. The relationship between these variables can be written in an equation as follows:
y=fl+x)+e (10)

Where €_i is the observation error in response y. If the expected value of the response is written
E(y)=f(x_1+x_2 )=n, then n=f(x_1+x_2 ) represents a surface called the response surface. So that the optimal
equation will be obtained from the model that has been determined.

The formulas for simple linear regression and multiple linear regression equations are explained as follows:

Y=a+bX (11)
Y = a+b1X1 +b2X2 (12)
Description:
a= constant

b= coefficient of variable X
X= dependent variable
Y= independent variable

The research flow displays the entire process in outline and the software used.

1. Preparation of research instruments using banners as wall colors Sage Green, Honey Yellow, and White and
lights using BARDI Smart Lamp operated by Bluetooth.

2. Data collection of work simulations carried out by respondents with different lighting level conditions and
wall colors for 9 times on different days for 9 days.

3. Respondents are given 10 minutes to fold the cardboard and the results will be recorded on the observation
sheet.

4. Furthermore, the data is collected into excel and carried out a Two-Way Analysis of Variance (ANOVA) test
using SPSS to see significance, after which a Response Surface Regression analysis is carried out using Minitab
to obtain an equation model to get the best productivity results by determining the best value of lighting level
and wall color so that the results of the significance test value and the best results are obtained.

3. RESULTS AND DISCUSSION

3.1. Effect of Lighting Level and Wall Color on Work Productivity

The following are the results of data collection on the number of boxes when performing work simulations with
conditions of 3 different lighting levels namely 75 lux, 100 lux, and 125 lux and wall colors in the form of sage
green, Honey Yellow, and White on Table 3.

Table 3. Results of Number of Squares at 75 Lux, 100 Lux, and 125 Lux with Sage Green, Honey Yellow, and
White wall colors

Number of folded

Respondent's | Color | boxes

number type 75 100 125

Lux | Lux Lux
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1 13 23 22
2 15 21 22
3 15 25 26
4 21 29 26
5 16 17 19
6 21 27 31
7 23 30 26
8 20 |22 26
9 20 22 24
10 15 25 26
11 22 27 23
12 12 16 21
13 11 16 17
14 16 23 27
15 20 28 24
16 11 16 20
Total 271 | 367 380
Average 17 23 24

Table 3. Results of Number of Boxes at 75 Lux, 100 Lux, and 125 Lux with Sage Green, Honey Yellow, and
White wall colors (continued)

Number of folded
Respondent's | Color boxes
number type 75 100 125

Lux Lux Lux
1 22 21 29
2 23 22 20
3 29 27 31
4 28 29 28
5 21 18 20
6 28 27 27
7 31 25 34
8 30 26 28
9 28 26 27
10 28 29 33
11 28 27 27
12 23 21 26
13 18 22 20
14 27 24 23
15 27 29 28
16 22 23 29
Total 413 396 430
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Average | 26 ‘ 25 ‘ 27 ‘
Table 3. Results of Number of Boxes at 75 Lux, 100 Lux, and 125 Lux with Sage Green, Honey Yellow, and

White wall colors (continued)

Number of folded
Respondent's | Color | boxes
number type 75 100 125

Lux Lux Lux
1 30 31 35
2 25 23 25
3 26 28 25
4 28 31 29
5 20 28 30
6 28 34 26
7 30 29 32
8 33 27 34
9 White 34 30 35
10 32 35 35
11 27 28 29
12 26 29 31
13 23 24 27
14 23 27 29
15 29 33 34
16 26 30 31
Total 440 467 487
Average 28 29 30

The following is a graph of the results of data collection on the number of boxes when performing work
simulations with conditions of 3 different lighting levels, namely 75 lux, 100 lux, and 125 lux and wall colors in
the form of sage green, Honey Yellow, and White on Figure 1.

Sage Green Folded Box
Count Chart

50
dadigdddedidadia

1 3 5 7 9 11 13 15

0

B 75 Lux m100 Lux 125 Lux

Fig 1. Sage Green Folded Box Count Chart

Figure 1 explains the changes in the number of folded boxes from lighting levels of 75 lux, 100 lux, and 125 lux,
it can be seen in the figure that there is an increase in the number of folded boxes at 100 lux and 125 lux, 75 lux
tends to decrease.

The following is a graph of the results of data collection on the number of boxes with lighting levels of 75 lux,
100 lux, and 125 lux and honey yellow wall color in Figure 2.
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Honey Yellow Folded Box
Count Chart

inliuniNNENNanid
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Fig 2. Honey Yellow Folded Box Count Chart

Figure 2 explains the change in the number of folded boxes from lighting levels of 75 lux, 100 lux, and 125 lux, it
can be seen in the figure that there is an increase in the number of folded boxes at 125 lux, between 75 lux and
100 lux there is a decrease.

The following is a graph of the results of data collection on the number of boxes with lighting levels of 75 lux,
100 lux, and 125 lux and white wall color in Figure 3.

White Folded Box Count
Chart

T L

1 3 5 7 9 11 13 15

B 75Lux M100 Lux 125 Lux

Fig 3. White Folded Box Count Chart

Figure 3 explains the changes in the number of folded boxes from lighting levels of 75 lux, 100 lux, and 125 lux,
it can be seen in the figure that there is an increase in the number of folded boxes at 125 lux, from all three
lighting levels have increased.

Hypothesis testing is carried out to determine whether the proposed hypothesis can be accepted or rejected
(Sardainah, 2019). Hypothesis testing in this study used two-way analysis of variance (Two-Way ANOVA) at a
significant level of a = 0.05 (Sardainah, 2019). The following is table 4 of the two-way anova test. results

Table 4. Two-Way ANOVA Test

Tests of Between-Subjects Effects
Dependent Variable: Work Productivity

Type 1l
Mean .
Source sum  of |df F Sig.
Square
Squares
Lighting
308.042 2 154.521 |10.4470 000
Levels
Wall Color |1487.752 |2 743.896 |50.404 .000
Lighting
Levels *|233.067 4 38.417 |3.958 .005
Wall Color

The first hypothesis proposed in this study can be answered, namely by looking at the Fcount value and
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or the significant value (sig.) in the "Lighting Level" row. Based on the table, it can be shown that the F value =
10.447 and the significant value is 0.000. The F value is greater than the Ftable value at the a = 0.05 level (Ftable
=3.81) so it can be concluded that Ho is rejected. In addition, the significant value (sig. = 0.000). By referring to
this explanation, it can be concluded that there is an influence of lighting levels on work productivity.

The second hypothesis proposed in this study can be answered, namely by looking at the Fcount value and or
the significant value (sig.) in the "Wall Color" row. Based on the table, it can be shown that the F value = 50.404
and the significant value is 0.000. The F value is greater than the Ftable value at the a = 0.05 level (Ftable = 3.81)
so it can be concluded that Ho is rejected. In addition, the significant value (sig. = 0.000). With reference to this
explanation, it can be concluded that there is an influence of wall color on work productivity.

The third hypothesis proposed in this study can be answered, namely by looking at the Fcount value and or the
significant value (sig.) in the "Lighting Level*Wall Color" line. Based on the table, it can be shown that the F value
=3.958 and the significant value is 0.005. The F value is greater than the Ftable value at the a = 0.05 level (Ftable
=3.81) so it can be concluded that Ho is rejected. In addition, the significant value (sig. = 0.005). With reference
to this explanation, it can be concluded that there is an effect of lighting levels and wall color on work
productivity.

These results are corroborated by the opinion of Sutalaksana (2006) which states that the main function of
lighting in the workplace is to illuminate work objects so that they can be seen clearly, easily done quickly, and
work productivity can increase. According to Hendrawan (in Padmanaba, 2006) revealed that a good and
adequate level of lighting can reduce the level of fatigue so as to increase work productivity. Lighting levels affect
work productivity as evidenced by Padmanaba's research (2006) which says that lighting levels that are in
accordance with user needs will be able to increase work comfort and effectiveness which ultimately increases
work productivity. Lighting characteristics such as lighting levels are significantly correlated with work
productivity (Chen, 2022).

3.2. Best Result of Lighting Level and Wall Color
The contour plot graph aims to describe the effect of the combination of lighting level and wall color through

different plot colors. Here are the results of the contour plot illustration in Figure 4.

Comour Mot of Predubtivitas s Warna, Catarya

Warre

Catugs

Fig 4. Contour Plot

The contour plot graph in Figure 4 shows that there are differences in the color gradation of the plot in different
combinations of light and color. Light and color variables are independent variables in this study. The darker the
color of the area indicates the higher the percentage of productivity obtained. Therefore, the dark green color
shows the area where the optimum point is reached which is greater than 3.

The surface plot graph aims to help visualize the magnitude of the response for each different treatment through
the curvature of the three-dimensional plot. The most optimal surface of all variables is shown with a white area.
The following illustrates the surface plot in Figure 5.
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Fig 5. Surface Plot

Based on the surface plot graph in Figure 4.2, it can be seen that the increase in the optimal value of productivity
is directly proportional to the increase in light and color until it reaches the optimum point. This condition shows
that the optimum point obtained is influenced by light and color.

Then, the research data was analyzed using Minitab 19 software to obtain the design regression layer response
optimization, as shown in Table 5.

Table 5. Hasil Terbaik Response Surface Regresion

Work
Solutio Lighting Wall  Productivit Composite
n Levels Color vy Desirability
Fit
2.9030
g 29.7213 0.780054

It can be predicted that the optimum yield, productivity result of 29.7 is obtained at the third light of 125 lux
with the third color of white with a D (Desirability) value of 0.78. The value of desirability which is getting closer
to the value of 1 indicates the ability of the program to produce the desired product is close to perfect. So that
the best results were obtained with a lighting level of 125 lux and a white wall color. The lighting level of 125 lux
is corroborated by the statement that lighting levels that are below standard will affect the level of work
productivity and health problems in the eyes. Although it does not cause permanent eye damage, it will increase
workload, accelerate fatigue, take frequent breaks, lose working hours, reduce job satisfaction, reduce
production quality, increase the frequency of errors, disrupt concentration, and reduce the work productivity of
each operator (llyas, 2003). The effects of lighting levels are positively related to work productivity (Konstanzoz,
et. all, 2020).

The white wall color for lighting levels of 75 lux, 100 lux, and 125 lux tends to increase in the number of folded
boxes. Based on John F. Pile's theory in Colour in Interior Design (1997), white color in the interior gives the
impression of light, clean, and spacious. A sense of comfort can also be obtained from the broad "impression"
given by neutral colors. Neutral colors are black, white, and gray. Neutral colors also tend to help increase focus
better than an atmosphere that tends to be warm (Setyohadi, 2010). The color white will provide a calm mood,
or can even be healing in terms of a sense of calmness, peace, and relaxation (Kaya, 2004). Exposure to the color
white can help relieve stress and emotional tension, providing a calming effect on mood. In addition to providing
a healing effect, the dominant white color also gives a soft impression (Babolhavaeji, 2015) and a soft impression
can provide comfort so that work productivity can increase. The dominant white color can also give a calm
impression to human visuals (Chandra, et.al, 2019 & Gunawan, et. al, 2022).
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4. CONCLUSION

Here are some conclusions related to the research, namely:

1.

Lighting levels of 75 lux, 100 lux, and 125 lux have an influence on work productivity with a significance
value of 0.000 and obtained in condition 3 lighting levels of 100 lux and 125 lux tend to increase.

Wall colors sage green, honey yellow, and white have an influence on work productivity with a
significance value of 0.000 and obtained in condition 3 wall colors honey Yellow and white tend to
increase.

Lighting levels and wall colors have an influence on work productivity with a significance value of 0.005
and obtained in conditions of lighting levels of 100 lux with honey yellow and white and 125 lux with
honey Yellow and white colors tend to increase.

The best result of lighting level and wall color is 125 lux lighting level and white wall color obtained from
D value of 0.78 and illustration of Countour Plot and Surface Plot results in lighting level of 125 lux and
white wall color.

Recommendations for future research are that the distance of lighting levels used in experiments can be
shortened and the range of levels can be reduced to less than 100 lux so that lighting levels below a
predetermined standard can be studied. The variables studied can be combined with noise, humidity,
temperature, and other physical work environment related variables so that research related to the physical

work environment can be more concrete. Lighting levels and wall colors can also be varied and more factors
examined so that the results of the study can be more accurate.
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