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Abstract
In educational environments an improvement in the quality of interior lighting has a direct
benefit in increasing productivity and alertness of students and teachers, as well as very
important implications for the energy efficiency of the education facilities but when a
replacement with different lighting is analyzed, research may be tarnished by users’ pre-
formed opinions, influenced by manufacturers and advertising. Consequently, it is necessary to
understand the users’ point of view, even before of being subjected to any change in the
lighting stimulus.
Based on the Kansei Engineering framework, the general objective of this paper is to evaluate
and compare the subjective evaluation of students’ pre-formed opinions to lighting provided by
two types of lamps (fluorescent and LED). The subjective assessment of 427 university students
has been compared over four years. The results show significant differences in students’
subjective evaluation. This finding highlights the existence of symbolic or functional attributes
of the usefulness perceived by the student that could influence on investigations in which
different types of lighting are compared.
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1. Introduction

When planning new lighting, architects, engineers, and
lighting designers tend to assume that their individual
experience reflects the requirements and wishes of most
of the public; thus, they base their projects and designs on
incorrect assumptions about human perception. Further
research is required for architects, engineers, and lighting
designers to combine design criteria and human emotional
preferences when planning lighting in buildings. This
requirement is especially important in educational spaces
for which research has shown that school facility design
affects student learning, attendance, and teacher turnover
rates (O’Neill and Oates, 2001). In addition, students
consider lighting an important design factor in classroom
environment (Castilla et al., 2017). Lighting conditions have
been shown to have an influence on the fundamentals of
human life, that is, health, wealth, and safety (Boyce,
2003). Therefore, learning spaces, where the quantity and
quality of light is controlled, should be created. Many
studies have analyzed the subjective component of user
response to specific lighting arrangements but ignored
users’ involuntary or unconscious reactions.

Light-emitting diodes (LEDs) are the next-generation
energy efficient illumination. They offer long lifetimes,
dynamic light effects, and great design flexibility (Caicedo
et al., 2011). These characteristics make LEDs an attractive
light source. LED downlights surpass traditional compact
fluorescent (FL) lamps in terms of lighting efficiency and
quality (Hoelen et al., 2008). However, the use of LED tubes
as replacements for FL lamps is controversial. Several
distributors recommend their products as superior replace-
ments for conventional T8 FL lamps because of potential
energy savings and the long life of LEDs (Ryckaert et al.,
2012); however, they do not consider other implications,
especially in learning environments where improvements in
the quality of indoor lighting increase productivity and
alertness in students and teachers (Hughes, 1981). Improved
lighting also has important implications for energy effi-
ciency in education centers.

Numerous factors are linked to people's intrinsic attri-
butes, which condition the perception of luminous stimuli.
One of these is the prior opinion individuals already hold
regarding the stimulus under study. Further research should
be conducted to clarify the relationship between lighting
quality parameters and aesthetic and emotional judgements
(Manav, 2007). Physiological and psychological factors affect
the perception of light and space. Light induces visual and
non-visual responses; light affects performance, mood, and
attention and influences the synchronization of the biologi-
cal clock (Mills et al., 2007). A luminous stimulus is a
multisensory concept; thus, the perception of a specific
stimulus is conditioned by an array of senses.

Interior design uses the manipulation of many interre-
lated elements, including space, form, structure, lighting,
texture, and color. Of these elements, lighting often
receives the least attention (Durak et al., 2007). In this
regard and in view of the psychological principles of
emotions, the contribution of emotional design and sub-
jective elements may provide a useful tool for professionals
who can incorporate these concepts into their projects.
Knowledge of users’ points of view can help researchers and
manufacturers when making assessments to offer products
that are closely tailored to user requirements.

Several researchers have investigated the psychological
aspects of space lighting. The attributes employed in this
research are based on those used by Flynn et al. (1979), the
pioneer in this field, and other important related studies
(Mehrabian and Russell, 1974; Gurbindo and Ortega, 1989;
Boyce and Cuttle, 1990; Loe et al., 1994; Veitch and
Newsham, 1998; Manav and Yener, 1999; Houser et al.,
2002; Newsham et al., 2004, 2005; Boyce et al., 2006;
Hidayetoglu et al., 2012).

When a lighting replacement is being analyzed, the
research may be influenced by the users’ pre-formed
opinions, manufacturers, and advertising. Therefore, the
users’ points of view should be understood before they are
subjected to any change in lighting stimulus. Thus, analy-
tical methodologies that can rigorously analyze these
aspects and has user-centered processes should be utilized.
Within the scope of user-centered design, a series of
techniques or methods, have been developed to identify
users’ expectations and wishes (Dahan and Hauser, 2001).
Among them, the most used are the Kano model, conjoint
analysis, the Pugh method, quality function deployment,
and Kansei engineering (Agost and Vergara, 2010). The
advantage of Kansei engineering over other similar techni-
ques is that it enables the establishment of a suitable
framework to work with symbolic attributes and user
perceptions. This subjective or perceptual aspect is impor-
tant in the field of architecture because architectural
assessment is a mental construct. Thus, spatial cognition
creates a mental representation of space that links our
perception of the environment with decision making
(Kaplan, 1973).

Many studies have used Kansei engineering to analyze
users’ perceptions of a multitude of products in automotive
industry (Zhang and Wang, 2013), housing design (Matsubara
and Nagamachi, 1997; Nagasawa, 1995), office furniture
(Jindo et al., 1995), and acoustics and sound perception
(Galiana et al., 2012). Nevertheless, to our knowledge, this
technique has not been applied to date in the field of
lighting with the aim of comparing different types of
lighting.

The use of the Kansei engineering methodology for the
emotional evaluation of lighting in classrooms provides a
framework for quantifying the relationship between the
design characteristics of an educational space and students’
emotional responses. Results are applicable to architectural
design and can affect students’ comfort levels. The design
of educational buildings that improve learning is critical; an
improvement in the quality of interior lighting is directly
beneficial to increasing productivity and alertness in stu-
dents and teachers in addition to having considerable
implications for the energy efficiency of educational
buildings.

On the basis of the Kansei engineering framework, the
present study aims to evaluate and compare the subjective
evaluation of students’ pre-formed opinions of the lighting
provided by two types of lamps, namely, FL and LED.
Specifically, the following questions are set. (1) How do
students in general evaluate FL lighting in comparison with



Table 1 Data of the subjects participating in the field study.

Year 1 Year 2 Year 3 Year 4

Gender Male 214 50.12% 79 65 25 45
Female 213 49.88% 67 62 32 52

Age 19–20 52 12.18% 5 8 12 27
21–22 271 63.47% 103 87 27 54
23–24 41 9.60% 10 18 7 6
25–26 33 7.73% 12 10 6 5
4 26 30 7.03% 16 4 5 5

427 146 127 57 97
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LED, particularly in terms of its adequacy in the classroom?
(2) Is there any difference between the users’ assessments
over time? (3) Given that LED lighting is common, is it
valued positively?

2. Material and methods

The methodological development was focused on a field
study that collected student assessments to examine the
subjective previous opinions on FL and LED lighting. Data
were collected and analyzed over a four-year period.

2.1. Subjects

A total of 427 students of the School of Architecture at the
Universitat Politècnica de València (UPV), Spain volunteered
to participate in the study. The average age of the students
was 22.36, with a standard deviation of 3.28. Table 1 shows
the principal characteristics of the sample, which was
structured on an annual basis.

The participants had no previous knowledge of or teach-
ing in lighting or lamps. Therefore, they were average users
of university classrooms.

2.2. Questionnaire

A questionnaire was prepared for the field study. The
questions were drafted to show the evolution of differences
of opinion. It comprised of two blocks. The first block
gathered objective information on an individual, that is,
age and sex. The second contained subjective information
about a set of evaluation variables for each type of lighting.
Subjective opinions on FL and LED lighting were collected
with six adjectives, which were adapted from previous
research and made appropriate for this study (Flynn
et al., 1979; Loe et al., 1994; Veitch and Newsham, 1998;
Houser et al., 2002; Boyce et al., 2006). The six expressions
were as follows: “The lighting is attractive”; “The lighting is
efficient”; “The lighting is cutting-edge technology”; “The
lighting is stimulating”; “The lighting is comfortable”; and
“The lighting is cozy.” The following global assessment
variable for each lamp was also included: “In general terms,
I think it is adequate lighting for a classroom.” The
questionnaire items were assessed using a 5-point Likert
scale with the following outcomes: strongly disagree, dis-
agree, neutral, agree, and strongly agree. The
questionnaire was validated following many pilot tests to
ensure it that could be completed in a reasonable amount of
time and that the wording and sequencing of the questions
were appropriate. This pre-testing process was conducted
with 23 students.
2.3. Settings

The questionnaires were completed in 20 classrooms of UPV
(Spain). Table 2 shows the most significant design charac-
teristics of these classrooms. No changes were made to the
classroom lighting during the field study because the aim of
this study was to obtain the students’ opinions of the two
types of light source (i.e., FL and LED) before the lighting
stimuli were changed.

A possible bias in using actual classrooms is the presence
of confounding factors; that is, the results might be condi-
tioned by the design variables of the space itself rather than
the lighting. This problem is difficult to eliminate when
working with actual classrooms where the design character-
istics may be changed. However, we consider this type of
in situ experiment important, that is, working in actual
classrooms and situations where users are immersed 100% in
real experience. The assessment of the real space contri-
butes certain nuances to the subjects’ responses, which
cannot be obtained in a laboratory. To reduce the influence
of this bias, the solution proposed by Kish (1995) was
adopted, that is, the inclusion of these variables in a
random manner, assuming that chance would generate
equivalent distributions of the units in all the variables
under study. Thus, the bias was still present in a reduced
degree. In selecting the classrooms, we attempted to
ensure that the sample was sufficiently representative and
differentiated.
2.4. Development of the field study

The field study was conducted over four years. Participants
were asked to express their views spontaneously to capture
their first true impressions. To avoid any bias in the
subjects’ responses, the order of the questions in the survey
was randomized and five versions of the questionnaire were
created. The field study was conducted under these condi-
tions rather than in a laboratory, because laboratory condi-
tions cannot represent actual settings with 100% reliability.
The students were personally informed of the study



Table 2 Characteristics of the 20 classrooms.

Class-
room

Dimension (width*-
length* height) [m]

No of sit-
ting
places

Type of
light

No of
windows

No skylights Total win-
dows surface
[m2]

Type of lamp No of light-
ing sources

No of
tubes

Power of the
fluorescent
tubes [W]

Shading system

1 5,42*11,92*2,97 76 Artificial
and daylight

5 0 18,57 LED 12 24 23 W Blinds

2 8.92*17.97*2.90 136 Artificial
and daylight

8 0 17,97 Fluorescent 33 33 36 W Metal slats

3 8.88*35.75*4.75 80 Artificial
and daylight

6 6 107,06 HQI-T 22 – 150W –

4 6.00*12.00*4.75 60 Artificial
and daylight

0 2 4,00 HQI-T 6 22 150W –

5 5.35*8.48*3.00 30 Artificial
and daylight

3 0 9,12 Fluorescent 6 24 14 W Blinds

6 9.60*12.70*3.40 34 Artificial
and daylight

2 0 6,00 Fluorescent 18 36 36 W Blinds

7 7.17*16.68*3.85 72 Artificial
and daylight

4 0 35,36 Fluorescent 24 48 36 W Blinds

8 11.95*17.95*3.98 79 Artificial
and daylight

6 0 57,80 Fluorescent 18 54 36 W Curtains

9 11.90*10.58*3.55 96 Artificial
and daylight

6 4 29,40 Fluorescent 16 48 36 W –

10 15.00*7.00*2.80 26 Artificial 0 0 0 Fluorescent 12 36 14 W –

11 11.55*14.14*2.80 73 Artificial
and daylight

5 0 48,44 Fluorescent 30 90 14 W Blinds+alumi-
nium slats

12 5.90*10.07*3.01 26 Artificial
and daylight

3 0 6,35 Fluorescent 12 2 36 W Blinds

13 5.50*14.80*3.55 43 Artificial
and daylight

4 0 66,04 Fluorescent 20 40 36 W Blinds

14 7.50*14.96*2.99 31 Artificial
and daylight

20 0 44,13 Fluorescent 8 24 36 W –

15 8.87*11.68*3.00 84 Artificial
and daylight

4 0 7,50 Fluorescent 8 16 58 W Blinds

16 8.78*12.73*3.23 96 Artificial
and daylight

3 0 6,45 Fluorescent 21 42 36 W Blinds

17 6.45*10.24*3.30 40 Artificial
and daylight

4 0 28,26 Fluorescent 15 30 36 W Blinds

18 11.88*6.75*2.75 60 Artificial
and daylight

3 0 37,48 Fluorescent 16 32 36 W Aluminium slats

19 7.64*8.75*3.26 50 Artificial
and daylight

1 0 4,58 Fluorescent 14 28 36 W –

20 9.42*14.12*2.75 38 Artificial
and daylight

3 0 16,58 Fluorescent 24 48 36 W Aluminium slats 603
Em

otional
evaluation

of
lighting

in
university

classroom
s



Figure 1 Comparison of FL opinion over the four years.

Figure 2 Comparison of LED opinion over the four years.
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objectives, and the questionnaire included instructions on
how to fill it in correctly.

2.5. Data processing

The data were processed statistically using the SPSS soft-
ware. For exploratory data analysis, we used descriptive
techniques to calculate the central values, dispersions, and
distribution histograms of the variables. ANOVA was subse-
quently applied to verify the existence of significant
differences (sig o 0.05) between the means of the groups.
We annually checked for significant differences between the
subjects’ opinions about FL and LED.

3. Results and discussion

The present work aims to obtain students’ emotional
responses to two types of lighting.

3.1. Assessment of FL and LED lighting over the
four years

Students assessed FL lighting as significantly more efficient
than LED. The other scores for FL were negative over the
four years in all aspects. Thus, FL lighting was not perceived
as cozy, attractive, comfortable, cutting-edge technology,
or stimulating (Figure 1). By contrast, LED lighting obtained
better assessments from students in all variables. Students
perceived LED as cutting-edge technology, attractive, effi-
cient, and stimulating. The comfortable variable obtained
more neutral evaluations. LED lighting was most poorly
assessed in the variable cozy (Figure 2).

3.2. Comparison of the assessments of both types
of lighting over the four years

To verify the existence of significant differences between
the subjective impressions of FL and LED lighting over the
four years, ANOVA was applied on each variable to deter-
mine which showed significant differences (sig o 0.05).

3.2.1. Attractive
Significant differences were found between FL and LED
lighting throughout the entire study period. The students
all assessed LED lighting as attractive but not FL lighting.
Figure 3 shows the means of this variable for each type of
lighting and the ANOVA values for each of the four years.

3.2.2. Efficient
Both types of lighting were assessed as efficient (Figure 4).
The analysis of the evolution of the assessments showed
that the evaluations of FL and LED lighting changed as years
went by. In the first year, FL was labelled as more efficient.
Through gradual changes, LED was assessed as more effi-
cient by the time of the final year of the evaluation. We
found the most significant differences between FL and LED
in the fourth year.

3.2.3. Cutting-edge technology
The findings showed that the students considered LED to be
cutting-edge but not FL. This assessment remained stable



F sig
1 99,843 0,000
2 117,718 0,000
3 56,970 0,000
4 101,754 0,000

Ye
ar

ANOVA (FL-LED)

Figure 3 Evaluation of FL and LED as an attractive lighting over the four years.

F sig
1 3,075 0,081
2 0,556 0,457
3 1,668 0,199
4 18,341 0,000

Ye
ar

ANOVA (FL-LED)

Figure 4 Evaluation of FL and LED as an efficient lighting over the four years.

F sig
1 125,142 0,000
2 103,448 0,000
3 70,415 0,000
4 129,379 0,000

Ye
ar

ANOVA (FL-LED)

Figure 5 Evaluation of FL and LED as a cutting-edge technology lighting over the four years.
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over the years (Figure 5). These differences between FL and
LED were significant over the four years of the survey.

3.2.4. Stimulating
The results shown in Figure 6 indicated that the differences
between FL and LED over the four years were significant
because the students agreed every year that LED lighting
was stimulating, which is in complete contrast to their
assessment of FL lighting.

3.2.5. Comfortable
Figure 7 shows that in the first year, the evaluations of both
lamps were negative. In the second year, FL remained
negatively evaluated but LED had a slightly positive evalua-
tion. In the third year, FL had a slightly negative evaluation,
whereas LED received an increase in positive evaluation.
Finally, FL obtained a more negative evaluation in the
fourth year than in the previous years. Meanwhile, LED
received the same evaluation as the previous year. The
differences between the lamps remained significant over
the four years. An analysis of the evaluation of FL over the
four years showed that the differences were insignificant.
However, the LED evaluations showed significant differences
(F: 7.602; sig: 0.00). The Bonferroni test showed significant
differences between the first and third years, the first and
fourth years, and the second and fourth years, thereby
confirming that the assessment of FL remained constant and
negative, whereas that of LED evolved over the years from a
slightly negative evaluation in the first year to a positive
evaluation in the fourth. This evolution might be caused by
the increasing presence of LED in educational facilities and
users’ greater acquaintance with it.
3.2.6. Cozy
The results shown in Figure 8 indicated that the differences
were significant between FL and LED in all years analyzed.
The assessments were negative for FL every year. However,
LED assessments were negative in the first year and then
subsequently showed a neutral evaluation. A time-based
analysis showed significant differences (F: 6.23; sig: 0.00)
between the first and second years and between the first
and fourth years. A positive evolution of the LED assessment
could also be observed over the years.



F sig
1 26,12 0,000
2 29,688 0,000
3 13,996 0,000
4 34,483 0,000

Ye
ar

ANOVA (FL-LED)

Figure 6 Evaluation of FL and LED as a stimulating lighting over the four years.

F sig
1 5,061 0,025
2 13,572 0,000
3 9,294 0,003
4 40,431 0,000

Ye
ar

ANOVA (FL-LED)

Figure 7 Evaluation of FL and LED as a comfortable lighting over the four years.

F sig
1 25,63 0,000
2 75,38 0,000
3 31,251 0,000
4 0,37965 0,000

ANOVA (FL-LED)
Ye

ar

Figure 8 Evaluation of FL and LED as a cozy lighting over the four years.

F sig
1 63,393 0,000
2 4,225 0,041
3 68,121 0,000
4 0,515 0,474

Ye
ar

ANOVA (FL-LED)

Figure 9 Global assessment of FL and LED over the four years.
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3.2.7. Global assessment
Despite the aforementioned results, the global assessment
of the two types of lighting as being adequate for university
classrooms (Figure 9) interestingly showed that FL obtained
a positive average score over all the years. Meanwhile, the
score for LED implied relatively neutral evaluations because
the scores varied from strongly disagree to strongly agree,
depending on the year. The first and third years showed
negative evaluations, which turned positive in the second
and fourth years. From these results, the differences
between FL and LED were large and significant in the first
and second years and particularly significant in the third
year. A time series analysis of FL assessments showed
significant differences (F: 9.81; sig: 0.00) between the
second and third years and between the third and fourth
years. The LED assessments showed significant differences



Figure 10 Evaluation percentages of FL lamps over the four years.

Figure 11 Evaluation percentages of LED lamps over the four years.
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(F: 8.762; sig: 0.000) between the evaluations in the first
and third years and in the second and fourth years.

Figs. 10 and 11 show the distribution of frequencies of the
global assessment in relation to suitability for classroom use
for both types of lighting over the four years. In general,
the global assessment of FL lighting was slightly higher than
that of LED lighting. This finding could be possibly due to the
fact that students normally have FL lamps in their class-
rooms and are thus more accustomed to them and consid-
ered them more suitable for classroom use. Meanwhile,
Figure 11 shows that LED lighting obtained better evaluation
scores in the fourth year. Thus, the impression caused by
LED exhibited a positive trend, which was probably due to
the influence of advertising and a better understanding of it
among users.

At the time of the study, LED lamps were rarely seen in
university classrooms, and FL were the lamps generally used
in educational environments. LED lighting was used only in
homes, which might explain the lower evaluation of its
suitability for classrooms.

The results showed that significant differences existed in
students’ subjective evaluations of the two types of lighting
(i.e., FL and LED), even when they were not subjected to
different stimulus. This finding showed the influence of the
symbolic or functional attributes of the usefulness per-
ceived by the students when assessing each lamp. These
data are consistent with the ideas and concepts drawn by
Flynn et al. (1979) who suggested that human responses to
spatial lighting patterns are, to some extent, shared
experiences; they concluded that some perceptions of
spatial light might be communicative in the sense that
these patterns suggest or reinforce ideas that are shared (to
some degree) by people with the same cultural background.
The results are also in line with the ideas proposed by Veitch
(2001) that aesthetic judgements, which are slightly differ-
ent from emotional reactions, affect the interpretation and
categorization of what people see.

This study has significant limitations. The field study was
conducted in actual classrooms, which is a disadvantage
because actual classrooms combine elements that may
influence perceptions. Nevertheless, we consider working
in actual classrooms interesting because users are 100%
immersed in real experience. However, to reduce the
influence of this bias, the solution proposed by Kish (1995)
was adopted, that is, the inclusion of variables in a random
manner, assuming that chance will generate equivalent
distributions of the units in all the variables under study.
Thus, bias remains in a reduced degree.

4. Conclusions

The present work aims to compare and evaluate the
subjective evaluations of students of the lighting provided
by two types of lamps, namely, FL and LED.

The proposal makes two relevant contributions: one at
the methodological level and one at the practical level.

From a methodological point of view, the interest lies in
the analysis of the evolution of the users’ responses. Our
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proposal allows us to measure the subjective impressions of
lighting in educational spaces to provide information from
the student's point of view rather than just the experts’
perspective, as has been the case to date. This methodology
opens an interesting technological route for manufacturers
to create products that are suited to users’ emotional,
cognitive, and efficiency needs.

In reference to the practical application of our proposal
or the concrete results obtained, the conclusions can be
summarized as follows.

� The results show significant differences among students’
subjective assessments of FL and LED lighting. This result
demonstrates the presence of general trends and lines of
influence derived from the different symbolic or func-
tional attributes related to the perceived utility of each
of these lamps when assessing them as light sources.

� The analysis indicates that the students negatively valued
the perception of the lighting from FL in the variables cozy,
attractive, comfortable, cutting-edge technology, and sti-
mulating over the four years. However, LED was perceived
positively in nearly all variables, except for cozy.

� No significant differences were found in the evaluation of FL
and LED in terms of efficiency. Both types scored positively in
this aspect in all the study years. However, in the first years
FL obtained a more positive evaluation for efficiency,
whereas LED obtained the best scores as the years went by.

� The evaluation of FL lighting remained stable over the
years, whereas the evaluation of LED evolved. Specifi-
cally, the evaluation of this lighting as comfortable
changed from negative in the first year to slightly positive
in the final year. The same evolution, although to a lesser
extent, was observed in the cozy variable, which became
nearly neutral after showing a slightly negative score.

� In terms of the global score for FL and LED on their
suitability for classroom use, FL obtained a slightly higher
average score than LED throughout the years of study.
This result may be because FL lamps were the most usual
source of light employed in these classrooms. This finding
suggests that students gave the highest global scores to
the type of lighting they were more familiar with and
considered appropriate. This aspect should be considered
when conducting surveys in which specific users are asked
about their subjective impression of any lighting change.

The results of this study are applicable to architectural
design and can have an immediate effect on students’
comfort levels. Educational buildings should be designed
to improve learning; an improvement in the quality of
interior lighting has a direct benefit to increasing produc-
tivity and alertness in students and teachers in addition to
having significant implications in the energy efficiency of
educational buildings.

In future works, the psychophysiological responses of
students as a measure of their emotional unconscious or
unintentional responses to actual and virtual lighting in the
classroom would be interesting to evaluate.
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