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Highlights


Analysis of classroom design attributes that generate a positive affective response



Use of Semantic Differential to identify students’ affective impressions



918 university students assessed in situ 30 university classrooms.



Classroom design should be directed at improving sensations of functionality and
cosy.

Abstract
Research into the design of learning environments is warranted as the classroom space
impacts on students' wellbeing and learning performance. Studies on subjective
evaluation of classrooms usually focus on the influence of more objective aspects like
temperature or light, based on concepts or attributes defined by experts. Thus, the
attributes used to find relations with design parameters might not be recognised by users,
thereby conditioning the evaluation process itself.
This paper aims to analyse students’ affective response to a university classroom in their
own words, and then, after obtaining the semantic space, to identify the design elements
that generate a positive affective response. This analysis was carried out implementing
the Semantic Differential method in the framework of Kansei Engineering. A sample of
918 university students was assessed in situ in 30 university classrooms.
The results show that students’ affective structure in relation to their classroom comprises
6 independent factors: functionality and layout, cosy and pleasant, concentration and
comfort, modern design, daylight and outward facing, and artificial lighting. From these

factors, efforts to improve the classroom environment should be directed mainly towards
two aspects: improving classroom functionality-layout, which is significantly related to
the work space allocated to students; and the sensation of cosy-pleasant which is
generated by all the classroom design parameters, but in particular, those that refer to the
relationship of the classroom with the outdoor environment.
Keywords
Classroom attributes; Semantic Differential; Student perception; classroom
environment; Kansei engineering; University classroom

1. INTRODUCTION

The learning environment needs attention as this space is related to students’ well-being
and learning performance [1]. Studies of school buildings have shown that factors of
environmental comfort can greatly affect the learning process [2]. Indeed, the physical
learning environment has a great impact on students’ learning and motivation including
the motivation to actively participate in academic activities [3]. Scott-Webber, Marini,
and Abraham [4] found the relationship between classroom and learning environment
significant because the built environment can influence behaviours. To facilitate
learning, occupants must feel comfortable enough to take the individual and collective
risks requisite to meaningful interaction and learning [5].

The literature on classroom design is huge and discusses classroom architecture in
relation to educational theory and tendencies. Nevertheless, a lack of analyses
comparing the results obtained by different authors is observed. Perhaps this is the
reason why the connections between the design and use of space in higher education
and the production of teaching, learning and research are not well understood [6]. In this
sense, it is remarkable the investigation of Barret et al. [7][8] that identified seven key
design parameters of the built environment that impact on learning progress and give

some support for the importance of “inside-out design”. In another study, Tanner
[9][10] studied the relation between student outcomes and school’s physical
environment. The methodology followed in these works is based on the relation, for a
very high sample, of the students’ academic results with the physical environment of the
classroom. In other works, the subjective component has been incorporated, including
the students’ perceptions from the assessment of the attributes of the classroom and also
their possible impact on their performance or satisfaction. In this sense, Yang et al. [11]
studied student perceptions of higher education classrooms and tried to establish the
impact of classroom attributes on student satisfaction and performance. Hill and Epps
[12] analysed the impact of physical classroom environment factors and found that
differences in the physical characteristics of classrooms affected students’ perceptions
of their general sense of satisfaction. Asiyai [3], also gathered the students’ response
about the condition of classroom physical learning environment and its impact on
learning and motivation. All these studies suggest a quantitative methodology. In
contrast, with a qualitative proposal, Gislason [13] gathered the perceptions and other
reactions of the students about their school environment using semi-structured
interviews.

These examples show that studying the impact of classrooms on students is a complex
problem. In the literature studies that examine in isolation specific physical and
environmental factors with an impact on students are more numerous. One of the
studied parameters is students’ personal work space in relation to the size, functionality,
arrangement and layout of the classroom, the sense of “ownership” of space and
equipment [14] and furniture (type, distribution, flexibility, etc.)[15]. Ducanson [16]
reports on the importance of students’ work space and relates it to the fact that the space

in a room delivers a silent message to students, where the flow and shift of distance
between people is part of the communication process. Another important aspect is
Indoor environmental quality (IEQ) which includes physical environmental parameters
such as thermal comfort (TC), indoor air quality (IAQ), visual comfort (VC) and
acoustic comfort (AC) [17]. Others investigations study the relationships between IEQ
in classrooms and students well-being [1][18], comfort [19], concentration [20], and
learning performance [21][22]. The mechanism underlying this effect is that poor IEQ
could affect students’ health and well-being, leading to absenteeism and a reduction in
their academic performance [23][24] [25][26].

Another significant parameter is the relationship of the classroom with the outside,
determined mainly by the openings in the room. Research supports the positive effects
of daylight [27][28][29][30] and views of nature, the external world and contact with
outdoor spaces [31][32][33]. Another of the studied aspects are the finishes in the
classroom, not only in terms of materials but also colour, aesthetics, and even the state
of upkeep. In the case of colour, researchers have focused on finding out whether colour
can affect students’ mood [34], behaviour [35], attention [36], performance [37],
productivity [38] and academic achievement [39]. Design, condition, and state of
upkeep have also been analysed, both of the classroom and the building enveloping it
and their relationship with academic achievement [40][41].

From a methodological perspective, most of the works reviewed collect student
responses using assessment questionnaires. Such questionnaires usually have
assessment scales defined a priori by researchers or experts [42][43][44][45] which may
not correspond to the interviewees’ conceptual structure. This approach may represent a

significant limitation, because the concepts used in the scales may be wrongly
interpreted by interviewees and thus impair the assessment process. If the ultimate aim
is to evaluate students’ perceptions of the classroom space, researchers need to know
how they express that perception so that after identifying their conceptual structure, it
can be related to the design elements.

The technique used in this study is based on the Semantic Differential method (SD). SD
is a useful tool for measuring subjective responses to concepts and provides a
quantitative measure for the affective meaning of design concepts [46]. Originally, it
was developed by Osgood et al. [47] to analyse relationships between attributes or
adjectives and design parameters which are wholly defined by the user. Thus, this
technique studies product semantics by means of adjectives and expressions which
reflect users’ affective impressions and measures users’ perceptions on a Likert scale. If
it can be demonstrated that a limited number of dimensions or factors is sufficient to
differentiate between the meanings of the whole set of concepts, then these dimensions
define a semantic basis for expressing any product. This semantic basis is known as
semantic space and each concept is a factor or semantic axis. This technique is one of
the most commonly used methods for assessing product perception in Kansei
Engineering.

Kansei Engineering (KE) is a methodology used to quantify consumer’s perceptions and
relate them to design criteria [48]. KE was developed in the 1970s at the Kure Institute
of Technology (Hiroshima, Japan). The aim of this technique is to identify and quantify
users’ perceptions of a product in their own language and to find quantitative
relationships between these subjective responses and design features [48][49]. Other

techniques can be used to translate consumer or user needs and preferences into product
design characteristics, such as Quality Function Development [50][51] or Conjoint
analysis [52]. KE has some advantages over these techniques, however, because it
establishes a suitable framework for working with the symbolic attributes and
perceptions of users, expressed in their own words. Other techniques base product
development on user preferences for functional aspects considered in terms defined by
experts. KE is based on the fact that an individual’s perceptions are not only influenced
by the stimuli but also by the conceptual scheme of a concrete group of users (semantic
space). Thus, this technique can be used to quantify users’ perceptions of a product in
their own language and relate these subjective responses to particular design features.

The introduction of a KE methodology requires two phases [53]. In the first phase,
users’ perceptions must be captured in their own words to obtain the set of independent
concepts (semantic space or semantic axes) they use to describe their sensations in
relation to the product. This semantic space forms an important tool for measuring an
independent product or comparing different products from the perspective of their
symbolic attributes. In the second phase, and after obtaining users’ affective dimensions
or semantic axes, attempts are made to identify what design elements cause these
semantic axes or perception variables.

Many studies have used SD in the framework of KE to analyse users’ perceptions of a
multitude of products: automotive industry [48][54], building sector [55][56], housing
design [57][58], urban design [59], acoustic and sound perception [60][61][62] and
thermal environment [63][64]. Nevertheless, to our knowledge, there are very few
examples of the application of KE to classrooms with the aim of measuring students’

responses. For example, the study of Şenol-Erdoğmuş [65] suggests a KE algorithm to
measure the effect of the design elements of the classroom on the students’ motivation
feeling. Using ordinal regression analysis, the study identified the most important
design elements (teacher’s desk, lighting, ventilation, and curtains) and the design goals
related to these elements. The students’ assessment was focused on the contribution of
each design element to the motivation feeling. Our proposal, however, is aimed at
incorporating to this approach the student’s affective response to the classroom
environment. This allows us to identify not only which design elements are important in
the global assessment of the classroom, but also the affective response that they
generate.

In this way, the general aim of this study is to identify design elements with a positive
impact on students’ affective impressions generating a favourable overall assessment.
The study has two clearly differentiated stages in the framework of Kansei Engineering
(Figure 1). The initial stage attempts to identify the set of affective impressions relevant
in the global assessment of the classroom, applying SD. The second stage aims to
identify the classroom design elements with the greatest impact on those affective
impressions.

Fig. 1. Kansei Engineering approach.

2.

MATERIAL AND METHODS

The methodological development focused on a field study which collected students’
evaluations of their own classroom.

2.1. Subjects
The participants were 918 students, habitual users of the classrooms being evaluated.
Average age of the students was 22.45 years with a standard deviation of 4.83. In the
sample 76.8% of individuals were between 19 and 24 years old (Table 1).
Gender
Age

Male
Female
<20
20-25
26-30
31-40
>40

490
428
170
633
71
24
20

53.39%
46.61%
18.52%
68.95%
7.73%
2.61%
2.18%

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

2.2. Stimuli
The stimuli for the field study consisted of 30 university classrooms in 11 different
buildings, on two university campuses in the region of Valencia (Spain). Selection
criteria for this sample were that the number of classrooms and their characteristics
made the sample sufficiently representative and differentiated. Semantic axes are
extracted by establishing relationships between many variables, and so responses in a
broad range of opinions are needed. Thus, users are required to judge a sample of
classrooms with a variety of characteristics: different height classrooms, surface areas,
location, layout, indoor environmental quality, finishes and type of teaching (classrooms
for theory and practical lessons, laboratory work and work on projects). The use of real

rooms where it is impossible to change design characteristics may cause the appearance
of confounding factors, thereby creating bias in the results. The solution adopted to
reduce bias was to introduce the set of characteristics or attributes in a random fashion
[66].

2.3. Questionnaire
The questionnaire comprised two blocks. The first block gathered objective information
on the individual: age, sex, education. The second block contained subjective
information about:
a) 26 variables that describe students’ affective response to the classroom. The study
followed the process established by Schütte et al. [53] and Llinares and Page [56].
The first step was to collect as many words and expressions as possible (from
interviews with students, scientific documentation, specialized bibliography,
internet, journals, and professional magazines) that people use to express classroom
attributes. The idea behind collecting as many adjectives and expressions as possible
was to collect a set of words capable of describing all possible perceptions of a
classroom. In this phase, a total of 160 expressions were compiled. However, this
number of words is too large to be included in a questionnaire. To decrease this set
of adjectives the affinity diagram technique[67]was applied in focus group sessions
with eight participants (two professors, two students, two architects and two Kansei
experts). Affinity Diagram consists in forming groups of similar words and
assigning one significant word to embrace all the expressions in the group. The
process finishes when no new words appear. The affinity diagram reduced the initial
list to 26 adjectives. This set of concepts or affective impressions were included in
the questionnaire with the expression "In my opinion, the classroom is...."

b) 20 design variables for the classroom were chosen. These attributes were obtained
from a selection made during focus group sessions with the same eight individuals
who participated in the session for grouping the affective descriptors. Basic design
attributes related to the classroom were chosen. They included attributes related to
the interior architecture, design, and Indoor Environmental Quality (IEQ) of the
classroom. Initially, 84 design variables for the classroom were collected and using
the affinity diagram technique [67] that initial list was reduced to 20 design
variables. These design elements were included in the questionnaire with the
expression "I think the following design elements in the classroom are appropriate"
c) In addition to these expressions, one variable in the questionnaire reflected the
student's overall evaluation of the classroom obtained by the expression “Generally, I
think the classroom is suitable”.
All the adjectives were evaluated on a 5-point-Likert scale ranging from strongly
disagree, disagree, neutral, agree and strongly agree. The questionnaire was validated
after numerous pilot tests were conducted to ensure it could be finished in a reasonable
amount of time and the wording and the sequencing of the questions were appropriate.
This pre-testing process was carried out with 35 students.

2.4. Development of the field study
The field study collected interviewees’ evaluations of the classroom where students had
to evaluate the classroom in situ, and were thus “immersed” in the stimulus. It was
decided to undertake the field study under these conditions rather than in the laboratory
because lab conditions cannot represent real settings with 100% reliability. Students
were personally informed of the study objectives although the questionnaire also
included instructions on how to fill it in correctly. Participants were asked to complete

the questionnaire as soon as the class had finished, thus ensuring they had been in the
room long enough to assess it properly. Average time for completing the questionnaire
was 10 min. The order of the questions was randomized and five different models of
questionnaire were created to avoid any bias in the subjects’ responses.

2.5. Data processing
Data were processed statistically using SPSS software following the scheme shown in
Table 2. The analysis was divided into two stages. In the first stage, the objective was to
identify the set of significant affective impressions in the overall evaluation of the
classroom and the second stage focused on obtaining the relationship between the
elements of classroom design and affective impressions.

Technique

Expected result

Phase I: Identification of
significant affective
impressions in the global
assessment of the classroom.

Objective
Obtaining affective
impressions or semantic
axes

Factor analysis
Cronbach’s alpha

Obtaining affective impressions
representative of the concepts students
use to describe their classrooms

Analysis of the relation
between affective
impressions and global
assessment of the classroom

Linear regression

Ordering affective impressions or
semantic axes in relation to their
significance in the global evaluation.

Phase II: Identification of the
design elements that influence
affective impressions

Stage

Obtaining groups of
classroom design elements

Factor analysis
Cronbach’s alpha

Obtaining groups of elements
representative of design in a teaching
classroom

Analysis of the relationship
between groups of design
elements and affective
impressions.

Spearman's correlation

Obtaining the impact of each group of
classroom design elements on students'
affective impressions.

Table 2. Data processing stages, techniques and expected results

3. RESULTS

3.1. Phase 1: Identification of significant affective impressions in the global
assessment of the classroom

3.1.1. Obtaining affective impressions or semantic axes

Factor analysis grouped the 26 expressions in the questionnaire into seven axes or
factors. These semantic axes explain 64% of the variance (Table 3). The contribution of
the original variables to the axis was analysed to determine the concept associated with
each of them, thereby obtaining the following seven factors or dimensions:


1st factor: includes the perception of Functionality and layout of the classroom.
It is the assessment of how far the classroom is suitable for its function or use
and that it is tidy. The kansei words that contribute most to this factor are “well
laid out", “well organised”, “spacious", “good furniture”, “good equipment”,
“easy access”, “well positioned”, “good design” and “good ventilation” and the
opposite of this factor, with negative correlations, is the adjective "oppressive".
This factor explains 16.14% of the variance in the original variables.



2nd factor: represents the sensations of Cosy and pleasant evoked by the
classroom. The adjectives in this axis refer to the perception of the classroom as
"cosy", "cheerful" and "pleasant". It explains 10.17% of the variance.



3rd factor: represents the concepts of It helps me to concentrate and is
comfortable. Expressions such as “silent”, “helps me to concentrate”, “good
temperature”, “comfortable” and “intimate” are very significant on this factor. It
explains 10.16% of the sample variance.



4th factor: reflects the dimension Modern design with adjectives such as “new”,
“good design” and “good furniture”. It explains 8.28% of sample variability.



5th factor: includes the perception of Good daylight and outward facing in the
classroom. It is the assessment of how far the classroom is well lit and relates
appropriately with the outside. The kansei words that contribute most to this
factor are “good daylight”, “outward facing”, “well lit”, “good ventilation”,
“good design”, “easy access” and “cheerful”. This factor explains 8.26% of the
variance.



6th factor: represents Good artificial lighting with “good artificial lighting” and
“well lit” as main concepts. It explains 6.21% of the sample variance.



7th factor: represents the dimension Humidity and explains 4.84% of the
variance. The descriptors that contribute the most are “damp” and “oppressive”.

1
Well laid out

.761

Well organised

.688

Spacious

.677

Good furniture

.642

Good equipment

.607

Easy access

.573

Oppressive

-.531

Well positioned

.501

Good design

.476

Good ventilation

.463

Cosy

3

5

6

.350

.365
.436
.469

.405

.372
.420
.327

.664
.585

Silent

.745

Helps me to concentrate

.699

Good temperature

.697
.379

.349

Intimate

.583
.456

.423

Old

-.868

New

.846

Good daylight

.738

Outward facing/Exterior

.712

Good artificial lighting

.760

Well lit

.461

.582

Damp
% Variance explained
Cronbach’s Alpha

7

.368

.740
.358

Safe

Comfortable

4

.809

Cheerful
Pleasant

2

.778
16.14
0.859

10.17
0.814

10.16
0.754

8.28
0.745

8.26
0.770

6.21
0.687

4.84
0.257

Table 3. Factor analysis of affective impressions

Consistency of perceptual space was verified with Cronbach’s Alpha. The values for
this reliability coefficient for the first six dimensions ranged from 0.69 to 0.86 (Table
3), showing that these scales have considerable reliability [68].

3.1.2. Analysis of the relationship between affective impressions and global assessment
of the classroom

Perception axes were ordered according to their relation with the variable ‘global
assessment of the classrooms’ using regression analysis. The model (Table 4) includes
six significant axes. The R coefficient is 0.765 so the model has good prediction ability.
The axis with the greatest influence on the global evaluation of a classroom is
perceptions of Functionality and layout (well laid out, tidy and with good furniture)
with positive correlation over 0.50. This axis is followed by perceptions of Cosy and
pleasant (a classroom which is cosy, cheerful, and pleasant), Concentration and comfort
(helps you to concentrate, is silent and has a good temperature), with Good artificial
lighting (well lit) and with Good Daylight and good relationship with the outside
(outward facing, well lit, good ventilation) with correlations in the interval 0.20 – 0.35.
Finally, perception of a classroom’s Modern Design has a correlation of 0.104.

Model
(Constant)
Functionality and layout
Cosy and pleasant
Enables concentration and comfortable
Modern design
Good daylight and outward facing
Good artificial lighting
R = 0.765

B
0.125
0.546
0.351
0.267
0.104
0.217
0.229

Standard
dev.
0.022
0.022
0.022
0.022
0.022
0.022
0.022

Table 4. Linear regression model of classroom’s global assessment variable

β

t

Sig

0.538
0.346
0.263
0.102
0.213
0.225

5.648
24.601
15.795
12.034
4.656
9.754
10.296

0.000
0.000
0.000
0.000
0.000
0.000
0.000

3.2. Phase II: Identification of design elements with an impact on affective
impressions
3.2.1. Obtaining groups of classroom design elements

The factor analysis compiled the initial set of 20 design elements in the questionnaire to
4 independent factors, able to explain 56.68% of the variance (Table 5).
1
Cladding
Walls

.797
.785

Ceiling

.739

Decoration

.622

Doors

.570

Flooring

.552

2

Furniture arrangement

.832

Dimensions

.823

Furniture

.764

Location and access

.619

3

Acoustic conditions

.758

Noise level

.697

Artificial lighting

.561

Humidity conditions

.500

Equipment

.442

.472

Layout of installations

.335

.447

Daylight

4

.406

.797

Windows

.436

.699

Ventilation conditions

.310

Thermal conditions
% Variance explained
Cronbach’s Alpha

.662

.475

.483

16.52

15.13

13.67

11.36

.821

.820

.750

.742

Table 5. Factor analysis of the design elements



1st factor: Includes the assessment of Finishes in the classroom. The design
elements that contribute most to this factor are "claddings", "walls", "ceiling",
"decoration", "doors" and "flooring". This factor explains 16.52% of the
variance in the original variables.



2nd factor: Represents the assessment of the Personal work space available for
the student to work in the classroom. Elements like "furniture arrangement",

"dimensions", "furniture" and "location and access" are very significant in this
factor. It explains 15.13% of the variance.


3rd factor: Represents the Interior environmental conditions of the classroom
The attributes that make up this factor refer to interior conditions like "acoustic
conditions", "noise level", "artificial lighting", "humidity conditions",
"equipment (computers, blackboard, etc.)", "layout and installations (location of
power sockets, telephone, ventilation grilles, etc.)". It explains 13.67% of the
sample variance.



4th factor: Represents the assessment of the classroom through its Relationship
with the outside with attributes such as "daylight", "windows", "ventilation
conditions" and “thermal conditions”. This factor explains 11.36% of sample
variability.

Cronbach’s Alpha value for the four dimensions or factors ranged from 0.74 to 0.82
(Table 5), showing that these scales have considerable reliability [68].

3.2.2. Analysis of the relationship between groups of design elements and affective
impressions

The relationship between the affective factors of the classroom and the design attributes
is established using a nonparametric Spearman correlation coefficient. The results are
shown in Figure 2. In general, the results clearly show that design elements can generate
certain affective impressions. Thus, the sensation of functionality and layout of the
classroom is closely related to the space available for students to work in; the sensation
that the classroom enables concentration and it is comfortable transmits to students is

linked basically to the interior environmental conditions in the classroom; the
perception of modern design is mainly related to the finishes in the classroom; the
sensation that the classroom has good daylight and it is outward facing significantly
relates to the factor that gathers the attributes of relationship with the outside, a factor
which in turn, includes daylight; good artificial lighting mainly relates to the factor
reflecting the interior environmental conditions in the classroom which includes
artificial lighting. Finally, the sensation that it is a cosy and pleasant classroom is
generated equally by all the design factors.

Fig. 2. Correlation analysis between affective impressions and groups of classroom design elements.

4. DISCUSSION

This paper aims to analyse students’ affective responses to a classroom in their own
words and to determine design criteria related to the overall assessment of university
teaching rooms.

The results have significant implications at the levels of methodology and application.

From the methodological point of view the most outstanding contribution is the
application of Semantic Differential (in the framework of Kansei Engineering) to
evaluate students’ affective responses to their own classrooms. This is one of the main
differences regarding other works based on the KE methodology. For example, ŞenolErdoğmuş’ work [65] comprised students’ assessment regarding the contribution of
each of the design elements to the motivation feeling. The key difference with our
proposal is the incorporation of students’ affective responses to the classroom
environment, which allows us to identify the relation: design elements-affective
response-classroom global assessment. This establishes another relevant difference
regarding the works which have analysed the classroom environment according to its
influence on the student’s learning performance [7][9][11]. These works, although they
incorporate the subjective part of students’ perceptions, do not identify the affective
structure that the classroom generates on the user. Only once that the users’ affective
dimensions or semantic axes have been obtained, it is possible to identify what design
elements cause these semantic axes or perception variables.

Moreover, the attributes used to find relations with design parameters are defined not by
experts, but by the students themselves. The studies consulted on the subjective
evaluation of classrooms are based on concepts or attributes previously defined by experts
or by the researchers themselves [11][42][43][44][45][69][70][71]. Thus, the mental
scheme of students or non-experts was not taken into account when constructing the
questionnaires. This approach could lead to erroneous results as the criteria and qualities
reflected in the assessment questionnaires might not be recognised by users, thereby
conditioning the evaluation process itself. In this work, the use of SD provides subjective
evaluation scales adapted to the language of the students without expert intervention.

As regards the contribution to application, the findings of this study provide important
outcomes:

Firstly, the study has obtained students’ affective structure in relation to their classroom.
Six factors were identified which explain 64% of the variability in the sampled
perception: 1st: functionality and layout (16.14%); 2nd: cosy and pleasant (10.17%);
3th: concentration and comfort (10.16%); 4th: modern design (8.28%); 5th: good
daylight and outward facing (8.21%); 6th: good artificial lighting (6.21%). The main
contribution of these factors is that they match the students’ conceptual scheme, and
thus correspond more precisely to the concepts students use to differentiate between
university classrooms. These independent factors are essential for studying, in a
subsequent phase, the relationship between the physical parameters of classrooms with
subjective judgements, as that relationship can hardly be established if users do not
understand the concepts.

The results of this study are difficult to compare with other studies because there are
very few applications of KE on the analysis of classroom environments. Nevertheless, it
is possible to find a certain similarity between the affective response obtained in this
study and the results reported in previous studies:
The axis functionality and layout, understood as the ability to understand the work
space for students in the classroom, can be related to works which have used this
dimension in a similar way, using expressions like “individualisation” [7] or “room
layout and furniture”[11]. Other factors highlighted in the literature which may be

related to this dimension are ‘‘seating arrangement’’ [15] or “spaciousness to avoid
overcrowding” and “ability to adjust furniture”[72].
The axis cosy and pleasant appears to be linked to the sensation of “pleasure”.
Mehrabian and Russell [73][74] introduced this scale and it is one of the most
commonly used to assess surroundings.
The axis concentration and comfort is an interesting combination of concepts as it is
well known that variables like temperature influence concentration [75] and
performance [76][77]. Many studies also report the relationship between comfort and
environment noise [78][79] [42] [80] and temperature [43][81][82][83]
[84][85][86][87], mainly separately, but some studies analyse them together [88].
In the axis modern design the impressions of “new” and “good design” appear to reflect
efforts to improve the state of educational infrastructure due to the growing body of
research connecting the quality of school facilities to student performance [5]. In this
case, this axis can be related to studies on the effect of building age or condition
[89][72][89][90] of non-modernized versus modernized and refurbished buildings [91]
or facilities maintenance [92][5] [40].
In the axis good daylight and outward facing similar expressions can be found in works
on the evaluation of educational environments but generally not together. In the work
by Barret et al., this dimension is labelled as “naturalness”[7] and combines the
concepts of “light” and “links to nature” with those of “sound”, “temperature” and “air
quality”. Curiously, in this dimension Barret et al. mention the concept “view out”
which can be related with that of “exterior” which appears in this axis. Tanner [93] also
studies separately the importance of “natural light” and “classrooms with views”. In
turn, this sensation can also be related to “view to outdoors” in the works by Douglas
and Gifford [15]. Additionally, the concept “daylight” has appeared widely in previous

studies on the evaluation of classroom environment and has been a subject of interest
for many years [27]. Furthermore, the concept “daylight” can be found in many studies
on the importance of natural light in teaching spaces [29][28][94][95] [96].
Finally, the axis good artificial lighting, is a significant dimension in works on the
evaluation of classroom environment [97][98][99]. Some studies have examined
classroom environment daylight and artificial lighting jointly [3][12][15]. The important
contribution from the results of those studies, however, is that they establish that in
students’ conceptual scheme natural light and artificial light are two separate
dimensions. Students perceive the sensation of natural light as being related to the
exterior whereas they perceive artificial light as relating more to an interior concept
combined with the sensation of the classroom as being well-lit. These findings are in
line with other studies that have examined each axis separately [11]

Secondly, the regression analysis results indicate that although the set of factors are
relevant in the overall evaluation of the classroom, efforts to improve the classroom
environment should focus mainly on two aspects: improving classroom functionalitylayout and the sensation of cosy-pleasant. If we compare them with existing evidence
from the literature these findings are in line with those reported by Yang et al. [11]
where student perceptions of their learning environments were heavily reliant on spatial
attributes (such as room layout and furniture). These results seem to be in line with
Gifford [37] who claims that the physical aspects of a setting, such as furniture
arrangement, room shape or size and allocation of spaces within the room, can influence
its defensibility and how we orient ourselves within a given space. Moreover, Stamps
[100] suggests that the ranges through which people can see or move through
environments are extremely important and influence behaviour. He argued that safety is

the most important function an organism can have in an environment; safety is
intimately entwined with the ability to see (visual permeability) and move (locomotive
permeability). In our case, all these perceptions of the classroom lie between the two
main axes: functionality-layout and cosy-pleasant. The importance of the work space for
students appears to be related to the fact that the space in a room delivers a silent
message to students, where the flow and shift in distance between people is a large part
of the communication process [16]. In this sense, Tanner’s studies[93] already confirm
the importance for the student of the existence of movement and circulation patterns,
understood as places and spaces where people are free to move through without feeling
confined or in a crowded environment. Furthermore, it is known that classroom spatial
arrangements with well-defined areas can have a positive influence on students’ social
interaction and cooperation [101].

Thirdly, and after ordering the affective impressions in relation to their significance in
the global evaluation, the impact of each classroom design element on students'
affective impressions is obtained. Given the complexity of the stimulus, due to the
amount of design elements in a classroom, initially groups of elements representative of
design in a teaching classroom were obtained. These groups made up a total of four
independent factors, able to explain 56.68% of the variance: 1st: Finishes (16.52%);
2nd: Personal work space (15.13%); 3th: Interior environmental conditions (13.67%)
and 4th: Relationship with the outside (11.36%).

In general, it can be seen that one of the most important design factors is personal work
space for students in the classroom, because it is the key element to generate the
sensation of functionality and layout of the classroom, one of the most important axes in

the global assessment. These results are in line with the findings reported by Yang [11]
showing that student perceptions rely heavily on spatial attributes. Within this design
factor one fundamental design element is the furniture and the way it is laid out. The
literature presents a clearly positive effect of school furniture dimensions on students’
performance and physical responses [102]. This affect may be because furniture has an
important role in the maintenance of good sitting posture [103]. And in fact, the
importance of seating for the classroom environment has been recognised [12].
Unsuitable classroom furniture can lead to poor sitting postures and bodily discomfort.

Interior environmental conditions in the classroom appear as the second most important
design factor. This axis appears to assimilate to the one Baker [104] calls “ambient
factor”, recognising it as one of three components of the atmospheric attributes of
interior spaces. This design factor is a relevant attribute for students as it is linked to the
axis that reflects students’ sensation of comfort and their ability to concentrate in the
classroom. This finding is significant because this relationship combines all the
attributes of interior environment quality (IEQ) in the classroom. According to these
data, students’ comfort, and ability to concentrate are significantly related to the
classroom’s interior environmental conditions. This finding is in line with ClementsCroome [105] who reports that schools fall within the category of buildings where high
interior environmental quality (IEQ) can considerably improve occupants’ ability to
concentrate, learn, listen and make presentations.

The relationship with the outside is the third relevant design element in the assessment
of a classroom and is mainly related to the sensation of good daylight and outward
facing which gives an idea of the consistency of the results. The attribute “daylight” in

classrooms has been linked with a positive impact on students’ learning performance [8]
and may be caused by the fact that our reactions, motivations, moods and sense of wellbeing are greatly impacted by the illumination of our surrounding environment [106].
The specific design element of windows may be related with some studies that
established that people prefer rooms with windows to those without [107][108]. This
finding is in line with the study by Matsuoka [32] which shows that views of abundant
trees and shrubs from classroom windows are positively associated with student
performance. In fact, he argued that a growing body of research has linked views of and
access to nature with restoration from mental fatigue and stress reduction
[109][110][111]. A clear contribution of this study is that students’ conceptual scheme
clearly differentiates between what is inside the classroom and what is outside. The
interior conditions (acoustics, noise level, artificial lighting, humidity…) are linked to
the sensation of comfort and concentration that students have inside the classroom and
the relationship of the room with the outside (natural light, windows, ventilation, and
thermal conditions) are related to the sensation that the classroom is well lit and
outward facing.

Classroom finishes is the fourth most important design factor and is linked to the
sensation that the classroom has a modern design and to a lesser extent with the
sensation of cosy, of being well lit and outward facing. Chan [112] found student
achievement to be higher in school buildings with modern facilities than in buildings
with older facilities.

One possible limitation of the study is that the experiments took place in real
classrooms. This could be a disadvantage because the possible combination of design

elements that may influence perception is given by the availability of those
combinations in the real classrooms. However, it was very interesting for the authors to
work in actual classrooms where users are immersed 100% in a real experience.
Nevertheless, in order to reduce the impact of this bias, the solution proposed by Kish
[66] was adopted, which consists in including these variables in a random manner,
assuming that chance will generate equivalent distributions of the units in all the
variables of interest. Thus, although bias is still present, it is reduced. However, this
limitation is not relevant in this stage of KE, where the aim is to obtain a representation
of the students’ opinions regarding the university classroom environment and it must be
as varied as possible.

5. CONCLUSIONS
This paper presents a new paradigm where the student is placed in the centre of the
design process of the university classroom environment. This approach is based on the
KE as the methodology capable of connecting the design elements of the classroom
with the students’ affective response, obtaining a better satisfaction and experience of
the use of the space.
One significant methodological contribution is the use of SD as a tool for defining
subjective evaluation scales adapted to the evaluators. It is important to identify these
independent attributes so that, in a subsequent phase, the perceptions can be related to
the physical parameters that determine them.
This methodological approach may be of interest for designers, engineers and architects
seeking to develop new classrooms which attempt to satisfy students’ specific
expectations.
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