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Accepted: 23 Nov. 2016 :  Purpose: Children’s interaction with the environment considerably influences their growth. To

create an environment that guarantees growth and development of children’s skills, children’s
characteristics should be considered in selecting facilities, design, and setting of child-related
environments. Proper tools should be used to study the compliance of the current design of
playrooms in preschool centers with the criteria of user-centered design. The research objective was
to design a tool for ergonomic assessment of preschool playrooms with a cooperative approach.

Methods: In this descriptive-analytical research, after reviewing the resources and visiting
the place, the preliminary items of the assessment tool were extracted. Afterwards, a 43-item
assessment tool was developed through group sessions attended by experts and personnel
of preschool centers. The validity of the tool was assessed through content and face validity
assessment tests. Reliability of the test was measured by test-retest. The data were analyzed by
Excel 2010 and SPSS15.

Results: Research results indicated that 7 of the 43 items had low content validity and needed
to be rejected. The calculated content validity index of the final version was 72.9, which was
Keywords: :  acceptable. During the content validity assessment, minor changes were made to two items.

. Results of the reliability also showed that this tool is repeatable with ICC=0.99
Ergonomics, Preschool

center, User-friendly, Conclusion: Considering the research results, the proposed assessment tool is properly efficient
Validity, Reliability :  inassessing the environment of preschool centers.

1. Introduction employment of women increase the need for child day-

care centers and the children spend a lot of day time in

hildren are the valuable social capital these centers. The first months and years of the child’s

and build the society future. Education life play a great role in the formation and growth of his

in childhood, the time of the formation of or her mental, physical, and intellectual dimensions.

personality and creation of different hab- Hence, proper physical and emotional nutrition, enough

its, establishes the future of the individual sleep and sensory stimulation in the childhood are more

and the society. Changes in societies and ever-increasing important than ever. Studies have shown that the sur-
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rounding environment has a dramatic effect on our feel-
ings, thinking, behaviors, and quality of life. The envi-
ronmental impact can serve our needs or act against it
[1]. These findings confirm the importance of designing
space and facilities of childcare centers appropriate to
the children’s characteristics and needs. Studies indicate
that children recall their surroundings much better than
people and things, therefore, paying attention to design
details in their caring space is of special necessity [2].

Physiologists and educators believe that children learn
mainly through play. Therefore, designing children’s
educational environments should be suitable for their
games [3]. Ergonomics is the knowledge which focuses
on the study of human adaptation to the surrounding
environment and tries to reduce the mismatch between
the user and the environment during the designing pro-
cess. In this process, the role of the ergonomist is under-
standing the needs and features of user and turning this
knowledge into principles and rules for devising so that
designers can follow these rules as design criteria [4]. In
order to achieve the environmental design tailored to the
needs and characteristics of children and also to verify
compliance of the current design of the playrooms of
preschool centers with user-centered design principles,
a proper tool should be used. One of the challenges
ahead in achieving an environment appropriate to the
characteristics of children is the lack of a suitable tool
that can be used to determine the defects in the present
design. Therefore, the purpose of conducting the study
is to determine the basic parameters of designing an en-
vironment for children based on ergonomic evaluation
with collaborative approach. Finally this study leads to
compilation and establishment of a set of considerations
which help designers and supervisors of preschool cen-
ters improve spaces for children.

2. Materials and Methods

This study is an analytical descriptive study. After de-
veloping the evaluation tool, to verify its validity, the
content validity and face validity were used in this study
. Its reliability was investigated using test-retest method.

Development of assessment tool

In the first stage, the initial parameters of the tool were
determined by two ways; A: Study of resources were
the core part of this research. First, a general search in
the literature was done to get acquainted with resources,
conducted studies, and the pioneering theories concern-
ing children’s environments which included searching
the websites such as PubMed, Elsevier, Google Scholar,
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Scopus, Google, Springer, SAGE, Wiley with the key-

99 <

words of “children environment”, “child care center en-
vironment”, “preschool environment” (as well as other
synonyms concerning children’s environment such as
interior design, environmental quality, play area safety,
child care center setting, noise, children injuries, child-
friendly, play type) and search for resources in libraries,
including student theses and existing books, which were

relatively related to the children’s environment.

The resources obtained from the search were categorized
and the most relevant sources were selected. Through a
brief overview of these resources, general dimensions of
the search were identified. Then, new texts were found
by searching in the specified fields using relevant key-
words. The search method for resources at this stage was
in a way that in addition to the resources found in every
field, we accessed other resources by searching for key-
words and references mentioned in each text. The search
by this method continued in every field until we found
no new information. Since during collecting related re-
sources, we were faced with high volume of information,
we needed a note-taking system. For this purpose, two
files were allocated for documents: resource information
file and content file. In the resource information file, such
information as author’s name, year of publication, maga-
zine or websites where the source was taken from, and its
general theme; and in the content file, an important sum-
mary and the source’s findings were recorded. Then by
carefully studying the content file, the parameters related
to design, the arrangement and playground environment
of the playroom in the kindergarten were extracted. At
this stage we tried not to miss any relevant data.

B: “Visiting the place” also carried out to compare the
parameters extracted from the sources with the current
conditions in the playroom of preschool centers in Iran.
Since nearly all the sources studied were related to other
countries, it was necessary to visit preschool centers to
adapt and localize these parameters and further the study
with a better insight.

The second stage is the collaborative phase of the proj-
ect. In this level, the extracted items were first investi-
gated and challenged through a focused group method
in two sessions with professionals and staff of preschool
centers [5-7]. At the first meeting, 12 teachers and super-
visors were present in preschool centers in Tehran (Table
1). A meeting was also attended by 9 specialists in the
fields of child development, psychology, environmental
ergonomics, and designing (Table 2). Because of the na-
ture of this tool, in selecting subjects, we tried to invite
experts from different disciplines related to the topic for
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the meetings to ensure the comprehensiveness of judg-
ments. At these meetings, items were first written on the
board and the attendees were asked to write down their
opinions about the importance of each proposed item.
Then each item was read and the attendees mentioned
their opinions on the item raised. With the permission of
the participants, the meeting’s discussions were recorded
to be used for checking items and compilation of tool.

After the meetings, audio files were transcribed and ex-
amined with facilitator notes during the meeting. Then at
ameeting and in the presence of members of the research
team, information from these meetings were concluded
and final items of the evaluation tool were identified.
Also, items were divided into 5 categories. Eventually,
the output of these meetings was a tool whose validity
and reliability was evaluated in the next steps.

Validity assessment

Content validity specifies that if the content of the
questionnaire fit and relevant to the purpose of the study.
In other words, this feature is investigated by experts in
order to ensure that the content of the questions reflects
a complete range of studied features [8-10]. In order to
determine the content validity of the tool in this research,
qualitative and quantitative content validity methods
were used. Holeny describes content validity as a tech-
nique used for deduction and proceeds purposefully and
systematically to identify the specific characteristics of
a message [11]. To determine the content validity, the
proposed methods of Chadwick et al. and Lawshe were
used [12, 13]. Chadwick et al. suggest that content valid-
ity method is applicable when an information exchange
tool (which contains relatively clear and inferential mes-
sages) is going to be introduced and applied in a practi-
cal way. Lawshe also believed that when high levels of
the abstract and insight is needed for judgment and in
the case when the scope of inference in the content and
around a message is extensive, researchers should use
content validity approach.

Lawshe devised a model for determining content va-
lidity in a way that the questionnaire is provided to the
panel group, the role of which is to guide panel mem-
bers, making it possible for members to judge accurately
based on the necessity of the tool components. In addi-
tion, they will be asked to comment on each item on the
judgment criteria given. Member responses are coded as
follows; E: Essential, U: Useful but not essential, and N:
Not necessary. In this study, Lawshe model was adopted.
Since different perceptions are possible out of the judg-
ment criteria, we decided to rate the judgment criteria in
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this tool as “completely relevant”, “relevant”, “relatively
relevant”, and “unrelated”.

The response sequence in this scale, which is modeled
on the Likert-type scale, is more evident. At this stage the
panel members should be identified. Usually, members of
a panel of validity evaluators should be formed of profes-
sionals in the field of the tool to provide correct and accu-
rate judgments. Although the proposed method of Lawshe
states the minimum number of members as 4, but it was
decided to use as many members as possible in this study.
Due to problems such as a small number of specialists in
the field of child ergonomics and also multi-disciplinary
content of the study, it was decided that at least 8 and up to
16 subjects participated in the process of validity assess-
ment. At least 8 subjects were chosen because it is twice
as the recommended number of Lawshe in order to reach
the needed agreement and a validity coefficient of more
than 60% with a higher level of confidence.

This is the amount accepted as the minimum coef-
ficient of validity factor analysis by Chadwick et al. A
maximum number of 16 subjects were selected because
it is twice the minimum value and was considered to
overcome problems such as failure to return the ques-
tionnaire. A total of 20 specialists were identified in the
fields of ergonomics, psychology, educational sciences,
and interior design. Then, 16 subjects agreed to partici-
pate in this study. Next, the proposed tool was sent by
e-mail to them. Finally, 8 completed questionnaires were
returned (Table 3) and delivered to researchers so the
return rate was 50%. After carefully studying the tool,
to evaluate the quality of the content, they were asked
to provide their corrective views in detailed and written
form. After collecting expert assessments and consult-
ing with members of the research team, required changes
were made to the tool.

In quantitative review of the content, we used the con-
tent validity ratio index to be ensured of selecting the
most important and accurate content, and content valid-
ity index to be ensured that the tool items be well de-
signed for content assessment. Panel member responses
were quantified based on CVR equation.

CVR=(ne-n/2)/(n/2)

, where ne is the number of panel members who have
identified that dimension or question as “necessary” (In
this study, the sum of subjects which gave each item “com-
pletely relevant” and “relevant” scores),  is the total num-
ber of panel members, and CVR is the linear and direct
conversion of panel members who have chosen the phrase
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“necessary”. The values assigned to CVR are as follows: 1)
When less than half of the subjects choose “necessary” op-
tion, CVR is negative. 2) When half of the subjects choose
“necessary” options and the other half choose other options,
CVR is 0. 3) When all subjects choose the “necessary” op-
tion, CVR is 1. 4) When the number of subjects who choose
the “necessary” option, include more than half but not all
subjects, CVR is between 0% and 99%.

The impact score of items was also calculated. For this
purpose, the defined 4-point criteria scales to evaluate
content validity are weighted as follows:Unrelated: 0,
relatively relevant: 1, relevant and completely relevant: 2
Then the impact scores are calculated using the formula:

Importance xFrequency (Percentage)=Impact score

An item is accepted if the CVR value is between 0%
and 75% and the mean number of judgments is 1.5 or
higher (Table 4). This value of CVR shows that more
than half of the panel members selected “completely
relevant” or “relevant” o ptions (necessary in Lawshe
scale). The mean value equal or higher than 1.5 indicates
that the average judgments are closer to “completely
relevant” and “relevant” options. On the other hand, the
mean value equal or higher than 1.5 shows that the aver-
age judgments are equal to 75% of the maximum aver-
age of 2, which is higher than the minimum accepted
value of 60% determined for reliability of validity.

After calculating CVR, to determine the comprehen-
siveness of judgments about validity of the tool, CVI
index was calculated. CVI is the average CVR values
of remaining items in the validated tool. The higher the
content validity of the tool, the more CVI index closer
to 0.99 and vice versa. The CVI is calculated using the
following formula:

CVI=(Y.CVR)/(retained numbers)

After measuring the content validity of the tool and
omitting the inappropriate items, its face validity was ex-
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amined. A tool has a formal validity when its articles or
questions are apparently similar to the topic, which are
prepared to measure it [8-10]. Here we used the opinions
of 15 inspectors from the Northwest Health Center in
Tehran to qualitatively evaluate face validity. Face valid-
ity was evaluated under three criteria of “clear and trans-
parent”, “simplicity”, and “layout and style” for each of
which 4-point Likert-type scale (including: totally agree,
agree, disagree, and totally disagree) was determined.
The inspectors were also asked to note their comments
about items that they have chosen “disagree” or “totally
disagree”. Then, items were modified in terms of word-
ing and use of words through collecting comments.

Reliability test

Reliability is one of the properties of measuring instru-
ments and determines how much the measurement tool
yields the same results under the same conditions [8-10].
To calculate the reliability of measurement tool in this re-
search, we used the method of test-retest and the Intra-class
Correlation Coefficient (ICC). The playrooms of 30 kin-
dergartens in the 2nd, 5th, and 6th district of Tehran were
investigated by one of the researchers (P. F.). After a week,
once again, the playrooms of these centers were evaluated
and the correlation coefficient between the results of two
evaluations by the compiled tool was calculated.

3. Results

After reviewing the sources, a list of extracted items
was prepared (Table 5). This list was evaluated during
the focus group meetings and the meeting with the re-
search team and then, the initial version of the evaluation
tool was prepared with 43 items. Its content validity was
evaluated, the results of which are presented in Table 6.
In the recent study, after assessing validity, 7 questions
were omitted. The value of its content validity index was
obtained using the following equation:

CVI=26.25/36=72.9

Table 1. The composition and features of the participants participating in the meeting

Position Degree of Education
2 with MSc.
Teacher 5 with BSc.
1 with Associate degree
1 with PhD; 2 with MSc.
Supervisor

1 with BSc.
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Table 2. The composition and characteristics of the participants in the meeting

Specialty Degree of Education
Ergonomics 2 with PhD
Occupational health 1 with PhD

Physician

Designer

Child psychologist

Biomechanics

1 General physician

1 with MSc.

3 with PhD

1 with PhD
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Table 3. The composition and features of members of the content validation panel

Specialty

Degree of Education

Cognitive ergonomics

Environmental ergonomics

Occupational health

Interior designer

Child psychologist

2 with PhD

2 with PhD

1 General physician

2 with MS

1 with PhD

Therefore, an ergonomic evaluation tool for kinder-
garten playroom was designed; CVI value of which was
obtained as 72.9%, which is acceptable.

Also, after evaluating the face validity of the tool, two
minor modifications were made on the items as follows:
1) The maximum number of children at a playroom at
the same time was less than 20; and 2) There are natu-
ral elements (e.g., pot, soil, wood, aquarium, etc.) in the
playroom. In order to estimate reliability, the test-retest
method and the ICC index were used. The value of this
index was 0.99.
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4. Discussion

Preschool centers play an important role in the lives of
children. Design of preschool center classrooms should
be influenced by the children’s characteristics. To create
an environment that entails growth and development of
children’s skills, considering physiological characteris-
tics, psychological and anthropometric aspects of chil-
dren in the selection of features, design, and layout of
their respective environments is of special significance.

Children are interested in experiencing a wide range of
activities; by dividing classroom space we can perform

Table 4. The minimum acceptable CVR based on the number of scoring specialists

Number of Professionals CVR Number of Professionals CVR Number of Professionals CVR
5 0.99 11 0.59 25 0.37
6 0.99 12 0.56 30 0.33
7 0.99 13 0.54 35 0.31
8 0.75 14 0.51 40 0.29
9 0.78 15 0.49
10 0.62 20 0.42
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Table 5. Preliminary items extracted in the first phase of the research

Items
Space dedicated to each child Room temperature
The height of the playroom ceiling Relative humidity
The height of the lights and hanging fans Dimensions of tables, chairs, chests, and shelves
The corridor width leading to the room The height of the knob, the tap, the switches and the sockets
Entrance door width How to arrange game tables
Wall covering material Safety of furniture and equipment
Color of wall coverings How to divide available space
Flooring material Absence of mess and accumulation in the environment
Floor covering color No slippery ground
Decorating on the walls No part of the room be out of sight
The height of the installation of decorations and boards on the wall Fixed and sturdy shelves, cabinets, and heavy appliances
The amount of room light Arrangement of toys and gadgets
Having natural and artificial light A space for personal belongings
Lack of shadow and brightness Private space for single-player games
Height of windows Existence of non-level platforms in the playroom
Installing curtains for windows Possibility of playing different games
The view of windows The presence of natural elements in the room
Sound pressure level Age-appropriate toys
The amount of pollutant gases Play music during the game

Distance of the teachers from the children
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Table 6. The result of the validity of the study primary checklist items

Areas ltems CVR Mean Value of Acceptance or

Judgments Rejection
Space is considered suitable for every child 1 2 Accepted
The number of children present at the same time in the playroom is less than 20. 0.5 1.5 Accepted
The height of the playroom ceiling is appropriate. 0.25 1.25 Rejected
The height of the windows is suitable. 0.5 15 Accepted
Corridor width leading to the playroom is appropriate. 0.75 1.75 Accepted
Dimensions and
interior space The playroom does not have an entrance door. 0 1 Rejected
The entrance door width of the playroom is appropriate. 0.75 1.75 Accepted
The height of the installation of the dec9rat|ons and paintings on the wall is 05 15 Accepted
appropriate.

Dimensions of tables, chairs, chests, and shelves are matched with children’s

L A 1 2 Accepted
anthropometric dimensions.

Wash basin and tap height is suitable. 1 2 Accepted
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Areas ltems CVR Mean Value of  Acceptance or

Judgments Rejection
Flooring material is suitable. 0.75 1.75 Accepted
Floorings have bright and cheerful colors. 1 2 Accepted
The material of the wall covering is suitable. 0.75 1.75 Accepted
Wall coverings have bright and cheerful colors. 1 2 Accepted
Children’s artwork and their family photos have been used in the decoration on 05 15 Accepted
Interior design and the walls.
arrangements The windows have views. 0.75 1.75 Accepted
Curtains have a good thickness. 0.25 1.25 Rejected
The playroom space is divided for performing several different programs. 0.5 1.5 Accepted
The arrangement of the game tables is appropriate. 0.25 1.25 Rejected
There is a space to hold every child’s personal belongings. 0.5 1.5 Accepted
Shelves and chests are open and the objects inside them are visible. 0.5 1.5 Accepted
The amount of room light is appropriate. 1 2 Accepted
The playroom combines artificial and natural light. 1 2 Accepted
Luminance levels are not high and the scattered shadows are not present in the 05 15 P
room.
Environmental Sound pressure level is appropriate. 1 2 Accepted
factors
Playing music is appropriate and timely. 0.5 1.5 Accepted
The room temperature is appropriate. 1 2 Accepted
The relative humidity of the environment is appropriate. 1 2 Accepted
Air conditioning in the playroom is appropriate. 0.75 1.75 Accepted
The walls of the room are insulated. 0 1 Rejected
The shield is installed for windows. 0.75 1.75 Accepted
The height of the lights and hanging fans is appropriate. 0 1 Rejected
There is no sharp surfaces and corners in the furniture. 0.5 1.5 Accepted
No mess and clutter can be seen in the playroom environment. 0.5 1.5 Accepted
Safety There are no disturbing structures in the playroom. 0.75 1.75 Accepted
The floor of the children’s playground is not slippery. 0.75 1.75 Accepted
The whole play space of children is visible for teachers. 0.5 1.5 Accepted
Shelves, chests, and heavy appliances are well fixed on the ground. 0.75 1.75 Accepted
Height of switches and sockets is out of the reach of children. 1 2 Accepted
Toys are appropriate for children’s age. 0.75 1.75 Accepted
Toys and gadgets are arranged in logical groups. 0.75 1.75 Accepted
Toys and small

gadgets There are game tools with .non—level surfaces (suchvas small steps to climb, tun- 0 1 feerd

nels, shallow pits and small houses ...) in the playroom.
There are natural elements in the playroom. 0.5 1.5 Accepted
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several different activities simultaneously in the class. This
helps the child participate in activities according to the lev-
el of their abilities and interests and also monitor all their
current activities in the class. As a result, the main advan-
tages of this scheme would be promotion of the child inde-
pendence, strengthening his/her power of choice, learning
new skills, increasing self-esteem, and so on. [14].

Selection of appropriate color, material, and texture to
cover the walls, floor, ceiling, and appliances in the class-
room can help create a fun environment for children’s
learning and assist the center as much as possible towards
achieving educational goals. With proper application of
color in the visual design, we can create visual attraction
for children, which would increase interest and motivate
the child to attend in these activities [15]. In regards that
children in the early years of life gain experience through
tactile stimulation, using a variety of materials with dif-
ferent textures helps the child in learning [15]. Various re-
search studies show the impact of noise on the incidence
of cognitive impairment as well as the decline in learning
in children, therefore, taking measures to reduce class-
room noise is mandatory when designing [16].

Also because of the importance of the quality of light
and fresh air inside the class in the physical and psycho-
logical growth of children, when designing the center,
we should pay special attention to the sunlight of the
class and the center should be equipped with ventilation
system in accordance with the standards [17].

In evaluating the reliability of this tool, due to the ease
of visiting preschool centers in districts 2, 5, and 6 of
Tehran Municipality, 30 centers of these areas were se-
lected for measuring instrument reliability. One week
after the first visit, these centers were visited for re-eval-
uation. When comparing first and second visit results, it
was found that in all centers, the results of two visits are
pretty much the same. Since the subject being evaluated
has been the space of these centers and the possibility
of changing the elements of space (without intervention)
within a week’s time, this result was expected.

The interaction of the child with the environment has
a significant effect on his or her growth. As a result, the
importance of research on the details of the environment,
the effect of each one on the child, and finally collecting a
set of considerations which assist designers and teachers
in preschool centers and kindergartens to help improve
children’s spaces, are clear. To evaluate the features of
preschool centers, the appropriate tool should be used.
According to the study results, the obtained assessment
tool has a good efficiency to evaluate these environments.
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