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Education of the future should be careful to not allow the idea of the human
species to efface the fact of its diversity, or the ideas of its diversity to efface its
unity. There is human unity. There is human diversity. Unity goes beyond the
biological features of the species homo sapiens. Diversity is more than the
psychological, cultural, and social features of human being. ( Morin, 1999 )
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Schools must play a leading role in transforming the way young people think
about themselves and their, capacities so that they gan actively contribute to
the renewal of their communities as weil-as-we move towards the twenty-first

century. (Nixon et. al. 1996: 119)
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2. factor loading
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Figure 1. A multilevel model of participative decision making (FDM) for schools
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Abstract

Purpose - The purpose®l us stucyds (o compare student achievement with (hree schBekdesign
classifications: movemtent and cireulation, day lighting, a1nd views.
Design/methodologyfapproach - From a sample of 71 schools¥meastves of these three scli00}
desig L,'ﬂ‘ taken with sfen-pomf Likert scale, argtompared to students’ outcomes defined by six parts of
the lowa Test of Rasic Skills (ITBS): Reading comprehension, Reading vocapulary, Language arts,
Marhematics, Social studi ,;md Selenca Data are tested through eduudwne%mn analysis, where
the difference berween &= of the reduiced regression s L()mpdltd 1 the R%of the full vegression, This
result, in each dase, 18 detined ag the effect of the school’s phvsicakenyirorment on $indents’ cutcoines
represented by achievement scores on the [TBS

Findings — Significant effects are found for Reading vocabularysReading comprehension, Language
arts, Mathematics, and Science.

Practical implications = The study's Hndings regarding movement and cirCulation patterns
natural light, and clgsrooms with, views have imptications for designing new schtols ormodifving
existing structures. THev are especially important to schooll leaders, educatiohal planness#and
archilects who engage in programmingifor educational facilities,

Originality/value - This study is pai 6l original tesearch efforts at theflniversity ol Gdorgia,
USA. Since 1997, the focus of research i Meulniversity of Georgin's SeltooldDesign and I'lagning
Laboratory (SDPL) has been the measurement ofthe impact of thesehon! siphysical environnent on
aspects of affective, behavioral, and cognilive Jeaining. AlNSDPL reseaich has been quantitalive in
nature, where measures of the physical environment sere compared fo measures of Student
outcomes. There are two immediate values (o these studies: educational leaders may,use (he
findings to assess their existing school facilities and determine where improvements will have the
greatest impact. or planners may use the Andings to gtude architects in the design andieonstruction
of new educational facilities,

Keywords Schools, Design, Students, Architeettre, United Slates of Ameriea

Paper type Research paper

One purpose of this study was to identify and test school designs that possibly
influence student outcomes. Another purpose was to provide a straightforward
research method that could be replicated by students of educational pldnnmD and
architecture. Numerous school design components have been identified as noted in the
related literature review in this article and others in this issue, Only a few have been
tested regarding validity and reliability. The question remains: can the physical e ealional
environment's impact on student outcomes he measured according to a defensible set Adwinistration
of hard data? The basic assumption was that there exists 4 chance that the el J'”‘““" o
measurement task might be accomplished; and effects might possibly be shown. It was ¢ Buerald Grow Publishing

0957-8234
hypothesized that the study would provide a clear ex: 1m1,la of how to conduct research DOI 101 SNETRZI0 XS0




=

S HERE L SEERE 5f‘@+f)ﬁ%‘”i%ﬂ’w‘m $ L7 2338

si““‘

] 1 | | |
% # # 8 ‘gﬁgg‘}z;\(:) K zu',gzgf»;%ﬁ/gszmi% xw WS AZaNES B
|

JEA on the relationships among school design variables and student outcomes through the
4713 use of hard data and quantirative methods.

Concern has been raised in the literature and among professional architects and
educational planners regarding the degree to which the school’s physical environment,
defined as various classifications of design items, influences student outcomes,
especially behavior and achievement. With this concern as a guiding principle, this
382 stucly, accompanied by 1t uncertainties, was conducted to seek an answer o how the
design of a school might influence student achievement.

Ag a regearcher, T assumed that it was important to contemplate the interaction
hetween people and thelgenvironmentsssince we are constantly interacting with
physical things in plaées forslEarming.and living, Since 1997, our research at the
University of Georgia’s® School Design and % Planning Laboratory (SDPL) has
emphasized places and spaces for learning, meluding such categories as color, light,
acoustics, movement, circulation, views, design, scale, location, learning
neighhorheods, and outdoor learning (Tanner and Tackney, 2006). Our correlation
research on the physical environment has occasionally suggested that areas such as
Lghting and acousties influenced studentoutcomes, while many other areas, especially
color and school lucation, remained totally elusive. Not until we expanded the sample
size, refined the validity and reliability of our nstruments, and collected a larger
Qump e of hard dafa did we begin to discover some, passibly defensible effects. The
work at SDPL has been immediately rewarding for geveral public and independent
school systems in the United States by providing hard CVIdLHLL‘ that certain aspects of
school design directly affect student outcomes. In the realm of expanding and
explaining the physical environment’s relationship to learming, it was important to
learn if the schonl’s physical environment influenced stucent achievenient; and if it did,
which designs were most significant,

Definition of the phvsical environment in this study

Efforts to refine ideas aiout the physical envifonment and transfer them into valid
mstrunientation for measurement limitedsthemselves to three basic design patterns or
categories, movement and ewculation, day lig htlns,‘ and views, The choice of three
categories was dictated by constraints of hdmple size and regression analysis methods.
Several avthors and researchers, as indicated in the following analysis, have
investigated these categories, sonie from a qualitabve nerspective,

The qualifative aspect of this stidy began with _the concept of a language that
would describe and explain how a bulding and environment interact with students.
The word ‘patterns” reférs to components, items, and design characteristics
interchangeably. This study was about design patterns that were initiated by
the author of The Timeless Way (Alexander, 1979). According to Alexander (1979),
a building will be alive to the extent that it is governed by the timeless way. The
concept of the timeless way includes a process that brings order out of us. The quality
of o building is objective and precise, and it is given its character by patterns of events
that coutinue to happen there. These patterns of events interlock with certain
geometric patterns i space, and people can shape buildings for themselves by using
pattern language. Tt gives each person who uses this specialized language power to
create an infinite variety of new and unique buildings, just as owr ordinary language
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gives us the power to create an infinite variety of sentences. Three sets of patterns are
presented below.

Paiterns of movement (/H(f curcrdation
One of the first concerns in SDPL research was places dnd spaces where people were
free to move about without feeling they were confined or n a crowded environment.
Therefore, movement and cir cuhmon became our very first category for research in
1997, and has continued to be of interest. Moyement and circulation patterns as
described in this study and initially detaijed®n -1 Paficrmmgnguage (Alexauder et al,
1977), include the following:
 Qutside wallways. Paths, arghdesiorspronienadessimbio . \main areas; deally
placing major activity centgrs 4t the extremes;
o Pathways. Clear audeeswfo:table passages allowing for freedbmmel ovement
and orientation! With-signage, among and within structures.

o Public areqs Spéces that foster a sensg piesmmemig, (unity and helonging) such
as an auditoiiim and @ dining - ed™ | hese are inviting And comicrtable settinges
and inciude ample ighting,

+ Refercfice SThE mam bt difiy has an obviows pot of refegence among the
schooll§ huldingsnswhicl pathg and buildings connect

« Quidody Spacesy These places are defined as learming areas, and wings of
buildings, trees, hedges, fences, fields; ancades, euwalkways may surround them.

(Qutside \\-'aiiw;:u" "1':'& paths. s, ANAEEvEre IRV he odge of Bullding
Walkways play @ %P golean, (% way that pe@ple mteg@ct with buul _'.'_ oERElEt o
some essent! ".:J.}‘ Detween "alu ways andipathw .j.'s; S bothalegan sstich
as benches for warifly outside fer far gportit] m or chairs insicg neal’ carfaiiorntes or
classeooms, water U MSIRSSCIISe el plants o break up 2 lopl ctEidOR ndows
strategical ted tolgive tatbraic Mand provide views,aft ACHWAYSEOR 8 the
effect of mviting peliple NG Certain dréas. T wavsshet] Lave goals na moe than
100 fest apart ,\..l. cmclar ¢f al, 1977, . 588). Ideadiy Lkevelupmgpathmys archittec
should avoid the use'f corridors and passages. Instead, they may use public !
and common spaces [O%gnovement and for gathering, placing the commer e
form a chain, or loop, m¥ing EPOSSIBIEEe™ v e, M room 1.0 Foont, with p
rooms open directly off t Builic rooms. e erease, th reul
room to room gives a leeling of greal gencios g i o wide and ampl
around the house (schuol), with views of fireplaces and wreat windows (pp. G30-61).
Here, Alexander of ¢l (1977) referred to a house. Cor sicler re placing the words house
with school, and fireplaces with exhibits of students’ work and accomplishments. It is
this type of word swapping that led the SDPL researchers to the idea of a pattern
language for schools, Regarding pathways that flow lhmnah rooms, [ ..] movement
hetween rooms is as important as the rooms themselves” (Alexander ef al., 1977, p. 628).
Long sterile corridors set the scene for everything bad about modern architecture,
according to Alexander ef ¢l (1977, p. 633).

Public areas are places that foster a sense of community (unity and belonging). Our
research mcludes a wide variety of public spaces, but this ar riicle is limited to the
discussion of auditoriums, dining areas, and outdoor spacas. Public areas are nviting

' \.“..
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Effects of school
design on student
outcomes

383




%@fm% EEREE

#£23

R

AERE (=) \ﬁf ﬁu,ﬁﬁ%\/«ﬁ B ;%a% f’a?i'f B aG0E = &

JEA
473

384

and comfortable settings including ample lighting. Positive outdoor space and public
outdoor rooms are places where people hang out, comfortably, for hours at a ftime
(Alexander et @, 1977, p. 349). In outdoor spaces, people always try to sit or stand
where they can have their backs protected, looking out toward larger openings, beyond
the space immediately in front of them. This pattern is entitied H/'cr(zrcl'z-v of Open
Space (Alexander ef ., 1977). Qutdoor spaces which are merely “left over” between
bulldings will generally not be used, according to Alexander ef ¢l 11977, p. 518).

Reference is highly important, and according to Alexander ¢f al (1977), the
placement of the main entrance constitutes the single most important step taken during
the evolution of a buildings#R. The nMamspuilding complex has an ohvious point of
reference among the o0l ding8iN Wil pMhs and buildings connect. From the
reference area, we edpectito find'a main eirchia oo space, which opens directly from
the mam entrancef opfreference area. References is%enhanced by defining the central
position, main bui}din , since “a comy alex of buildings with no center is like a man
withoufadfead” Xt\dndu et al, 1977, p. 486).

" addition to the work d}&(,msed abuve, SoMmeErs(1969 made significant
CONTEBULIONS 0 this field_jnsthe e sfupersonal and SocialidistAnce. A crowded
SchoobNEnormg persopd! and social distanc®hasSi@ negative infiuchce on student
outcomes, Thus:

It appears as though the consequences ol high=density,conditions that involve either too
many children gr roo liftle spaeeare: excess ]Lvds of stintaiation; stress and arousal; a drain
ON resources available) considerable inferference: reductions i desived privagy levels; and
loss of control (Wohlwill and van Viier, 19855p. 108).

StOdent popliafion densitinaygb@mwiewedsthrough psvehological’ implications by
studvng territofality of place [Since the schoolis a soglallsystem ™ within the cultural
envigonment, 8ocial distance a8 it relates to ctowding and densigy is a function of
schogl’ design andiclecision making. Another aspecifoffdensitylis the lower middle
range for ol distance in manand woman. Sommer (1 969) completed several studies
ou sinallgrowp ecnibg viand found that when pegple areat 3 b feet apart they shift their
seating pusitions in fayvortef, side by side’@s opposed o “across” from each other
(p. £G). Seven feet appearsuie he he nwcxmum diameter for social distance. Sommer’s
fincling correlates with the seven feet (2 X 3.5 feet) needed for social distance in man
and womean as recommended by Banghart and Trull (1973). Fhis appears to be the
amount obgpace needed when a person is seated, which is 1pp1 ovmately 20 square feet
muluplvmﬂ the ooldentatio™r hyfhe AcieeSquared (oa%eet)” = 18.82 square feet).
Factor in the neGdmtogecivewiate and (TSameunt=ef®ceded space increases. When
constdering cultural backgrounds, this amount of space will probably vary, since this
research was limited to the USA averages.

Space in a room delivers a silent message to students, where the flow and shift of
distance between people is a large part of the communication process (Duncanson,
2003; Hall, 1959). Special attention should be given to circulation classifications that
permit student tratfic to flow quickly from one part of the building to another.
Movement within the school should not consist of a )mgmsswn of individual
experiences but instead be a conscious and perceptible environmental exchange; and
complex structures that cause crowding should be avoided. Movement within a school
may be an important supporter of learning. Pathways free of obtrusions hetween
activity areas and classrooms improve utilization of learning spaces. Public rooms and
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common rooms may be substituted for tradivional hallways and poivate rooms may
open directly off public rooms,

Numerous design classifications have been developed and tested as part of the
onginal instruments for assessing movement and circulation in the schools (Tunner
and Lackney, 2006). Andersen (1999) conducted research on ten movement and
cirenlation cldkmhumons Avers (1999) studied nine areas, and Ydrborougl (2001)
investigated 17, Correlations found in these studies among movement and circulation
classifications and students’ outcomes were positive and statistically significant; but
there was no defense as to the “effects” olsmevEmenizand circulation patterns on
student achievernent.

Patterns of day lighting
Day lighting in schools gained many supporters when the definitive study by the
Heschong Mahone Group™1999) proved naturai light o be significartsig, student
achievement. Well before she 1999 quantitative stucy, Alexander ef gl (1977), through
qualitative metheds, offered Zndoor Sunlighbeavd™Papestry of Light and Dail: as
evidence of the eed for natural lightm gan Huildings. From these rwo patterns, we note
that rooms should face south to allow for natwrallighi; exeeptart Yooms, which should
face north to gnyure consistent natuital lighy The coneept of tapestrygolight and darlk
15 defensible in gehools Where 'rdnsition areas and pathways may bawslightly darker
than classrogms, Research effors at the SDPL have generated hwo categories for this
analysis:
(1) Naturdb/isht e classroomms. Classrooms hage light from windows, skylights,
borrowed, ight, reflected light, and artificial sotrces.
2y Sources of Hght "Awtificia light plus nataral light from theoutside, preterably.on
two sides of eferirzoom, ishideal for student leamming and cornfonty

Light is the most imporant enVizommental input, after [goddand water, in
controlling bhodily functions (Wuartman,®875). Lights of differént.colors affect blood
pressure, pulse, respiration rvates, brain Actwibyeand™biothythms. Fuall-specirum
light, required to influence the pineal gland'sssynthesissof melatonin, which in turm
helps determine the bedv's output of the neurotransmitter serotonin, is critical to a
child’s health and development (Ott, 1973). To help reduce the imbalances catsed by
inadequate exposure to the near ultra-violet ane mfrared ends of thesspectrum,
full-spectrum bulbs that appfesimate the wavelengssprovided hy sufshine should
replace standard {luorescent and tungsten bulbs (Hughes, 1980). There is ample
evidence that people need davlight to regulate circadian rhythms, a natwral
biological function discussed in the pattern entitled Wings of Light (Alexander ef al,
1977, p. 527). Poorly lit and windowless clagsrooms can cause students to experience
a daily form of jet lag; furthermore, forms of florescent lighting may affect some
Rmdcntq and teachers negatively by causing mild seizures (Tanner and Lackney,
2006, p. 270).

[n a study of over 21,000 students, controlled for socioeconomic status (SES), in
California, Washington, and Colorade, the Heschong Mahone Group (1999) found
that students with the most day lighting in their classrooms progressed 20 percent
faster on mathematics and 26 percent faster on reading tests over a period of one
vear than students having less davlight in their classrooms. Similarly, studentfs in
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JEA classroums ‘mvmq larger window areas were found to progress 15 percent faster in
473 mathematics and 23 percent faster in teading than students in classrooms having
" smaller windows, Day lighting, provided from skylights, distinct from all the other
attributes associated with windows, had a positive effect (p, 62), Windows are the
must common spaces bringing natural light mnto the learning environment and
mvite the outdoors inside.
386 Medical doctors 1‘epurred a hiological need for windows in a study by Kuller and

Lindsten (1992); this research suggested that windowless classrooms should be
avoicled for permanent use. R;ltht'l than windows heing a distraction and disrupting
lhr‘ (Gh 1.nmff P r)r 0288, ,Ll. FLL : o] from the narrow convenfional wisdom or

seasary relief for students. This velief
Wusurming than the focused attention
S4yiuch easier for students to refocus
fslcs requiring soft attention (such
agtention. One uf the most

25 :-msncimed wiﬂl j
ugu'l *ufh‘;w' picl Fe:s

first research
nped several
this study

hin the classroom,
s guch as posters and

1 the sitting position,
outdoor spaces such as

gthe student to easily see at

(5) Green areas. 10 1s important for the student to see outside spaces, close to the
school building, having trees, grass or gardens, There should be few views of
parking lots and roads.

It is important ro make the best use of a view by ensuring that it is taken from places of
transition and not straight on. Furthermore, views should not necessarily be visible
from the places where people sit (Alexander ef al, 1977, p. 643). This concept is
described as the Zen view (Alexander ef af, 1977). This concept ig important for
clagsrooms where the student needs to see outside but not necessarily have a
commanding view. Views of at least 50 feef also enable students to rest their eyes
(Nair and Fielding, 2005).
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Summary of background information on the physical environment

Effects of school

There are numerous fine points to be associated with the descriptions of movement and design on student

cireulation, dey lighting and views in the above sections. Highlights are gll that are
covered, but the reader is encouraged to carefully study the rich literature offered by
virious works cited. Freedom of movement and circulation among and within
struchures was 2 key aspect of this resenrch project. There are many minute items such
as signage, outdoor spaces, and points of reference that support this design prttern,

Having daylight in a classroom is vital o 4 dat’s lemming processes. Natuval

rooms which are lit on two sidegi(# [k ‘ted views of
nature add to the well bewigsofigtug
wall of another bul s

Methods
Three section:
foundation [9r

considered as th
characteristic or dest
e additive. Then
evaluation) or it na
facilities planning,.

Given the 15 ¢ i { might
he translatecd int n recelve

thie following ratings hast " 0 T
{good), 70-79 percent (acdecudtelas - hape perComfinadeg

The original intent of the instrument was for its application only by peeple trained
in educational planning with knowledge of the various items in its contents. However,
as refinement has continued for several vears, and validity wcreased, the small
instrument found in Table Tl might be used for general distribution to accomplish data

Total score for 13 tems The school’s design rating
17-130 Points Superior design

104-116 Toinls Gond design

91-103 Points Adequate design

=90 [nadequate design

outcomes

387

Table L

Design ratings based on
ores of the 13 items
found in Table I
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A4 0 Instructions: Pleasc score the 13 design patteins on the scale (1 to 10) as defined in
i cach scction. [f the sehool does not have a specitic feature, the score is “0” for that item.
Placc cach scorc at the left of individual items. Design includes the way the schoolhouse
is made, how it is arranged, and how the outside areas, near the school, complement the
curriculum. Each scalc mcasures the school’s feaming environment, allowing for the
recording of the “degrec” Lo which a design component is present.
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— Total Score: __Schoot Name:
Movement and Cirgtifation
The school's design may be judged regarding its ability to cnable students and teachers to

cnter and move [reely within and around a facility.

1 Oulside Wallkways; Paths or promenades linking main-aicas; idcally placing
major activity centers at the cxtremes,

Ambiguous Ristinct
< >
i | 2 j : 5 6 A 8 9 10
2 Patrways: Clear and.comfortablc passages allowing for freedom of movement

and oricnfation, with signage, among and within structurcs,

Ambiguous Clear
< >

0 | 2 3 4 5 6 7 8 B 10

g Auditorium (Public Arca that fosters a sense of gommunity {unity and belonging}
thal is invitingycomfortabic, and inciudes ample lighting,)

Poor Excellent
< >

0 | 2 3 4 5 6 7 8 9 10

s Dining Arca (Public Space that [osters a sense of community (unity and

belonging) that is inviting, comfortable, and includes ample lighting )

Poor Excellent
< >

0 { 2 3 4 5 6 7 8 9 10

S Reference: The main building has an obvious point of reference among the
school’s buildingsin which paths und buildings conncet.

Obscure Obvious
< >

0 i 2 3 4 5 6 7 8 9 10

Table 1L
Components of the design
appraisal scale

(continued)
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Effects of school

6 Outdoor Spaces : Places which arc defined as learning arcas (They may be design on Stlldent
surrounded by wings ol buildings, trees, hedges, fences, ficlds, arcades or walkways).

: - outcomes
Non-cxistent Plentiful
< >
0 | 2 3 4 5 6 7 8 9 10
Day Lighting 389
7 Natural Light in Clagsrooms: Light in classiosms®rommwindows, skylights,

borrowed light, reflected light, and artificialg@urces,

No Mixture of Natural Light Ample Mixture of Natural Light
< >

0 1 2 3 4 5 6 7 8 9 10

8 Sources of LighwArtificial light plus natural light from the outside, prefcrably on
two sides of cveryseom.

Paor Excellent
< B — . ., "W >
0 1 A 3 4 5 6 7 8 B
Views
9 Views Overlooking Life: Vistas for students.to-the oulside world (not overleoking
a wall or parking lot).
tone Numcrous
< >
0 ] 2 3 4 5 6 " 8 B | 0
10 Unrestricted Views: Windews in usc, when glare is not a problem, without

obstructions such as posters and curtains

Sparse Ample
< —— r -
0 1 2 3 4 5 6 7 3 9 10
11 Living Views: Views of indoor and outdoor spaccs (gardens, wildlife,

fountains, mountainsiictc?)

Sparsc Amplc

< .

0 I 2 : 4 5 6 7 8 910

12 Functional Views: Doors and windows that allow the student to easily sec at
lcast 50 fect outside the classroom.

Inadequate Adcquate
< >
0 1 2 3 4 5 6 7 8 9 10
13 Green Arcas: Oulside spaces, closc to the school building, where trecs, grass or

gardens may be seen (few views of parking lots and roads).

Non-cxistent Plentiful
< >

0 | 2 3 4 5 6 7 3 9 10 Table 1L
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jE{—\ collection (e.g. & mail-out questionnaire). Caution is appropriate; and it should be noted
4713 that one comprehensive, valid descriptor should be added per item (see the review of

literature for descriptors). I)e%uxplolk strengthen the responder’s depth of
understanding regarding pattern language and concept design (Tanner and
Lackney, 2006; Alexander, 1979; Alexander ef al, 19771,

From a pool of design components that the ‘\‘H’T identified and analyzed since 1997
390 {Tanner and | '\ T UNer, 2000, 2006), an item to scale analysis (Cronbach's

tehing th ules: movement and
] L (20 1tems), Cey o (LW Theps purpose of

. ity analysisdT able IH) was ey 11 idex of d for each of
the (hres sub-scales# pmvecl in this study. Tk al number vas reduced

from o—l to 13. The original 34 items may be &Juhd in Tanner cmd de\ney (2006,
pp. 295-306). [n edch set of items, the reliability coefficient was greater than 0.64, which
is classified as “gowd.” A(‘Ccptab]e rdiabil' ty standards, according to Cicchetti (1994),
forgelinieal s1gmhumcn is as follows: 7 = 0.40 (poor), Gdl= 060 (fair), 0.61 = 0.75
(good), and > 0.76 (excellent):

Dependent variablesidemed by the [TBS

The lowa Test of Basic Skills (ITBS) (2008) was constructed to describe a student’s
developmental lovel, idéntify aseas of relative strengthiand weakness in subject areas,
and monitor year-to-year growth in the basie.skills. Tt has 'been in use singe 1935. The
vationale for selecting the reading Lompnhension reading vocabulary, language arts,
niathematics, social studies, and science sections of the ¥I'BS for this study was that a
sollection of tests in several subject areas, all of which have been standardized, makes
it possible to fornulate research-based statements about a student’s'relative position
on a gtandard scale. Norms serve as a basis fof compagison and‘allow one group of
students to be contpared with @nother group. Kurthermore, norms allow schools, the
unit!of analysis o this study, to be compared. Fhese comparisons provide an
oppartunity to looktat dehicvement levels inefeladion to a nationally representative
group of students or schools.

Data collection

Design seeres for this analysis were refrieved from the SPPL's data bank, which
maintaing whd reliable, and refinedsin (ormation on 71 rural and suburban elementary
schools (£-6). Thestudentsutest data represented.onerT0,650 (ifth grade students in 19
Georgla school districts{1].

Cronbach's « No of selected No. of original

Catlegory Cronbach's « stanclardized items® 1tems
Movemen( and circulation 789 0.817 6 26
Table [ Day lighting 0.6:43 0,646 2 2
able LIL Views 0820 0.820 5 6

Reliability analysis for
the three sub-scales Note: “See Table [T 1o identify edch sub-scade of design components employed in this study
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School design information as found i Table 11 was observed during site visits

Effects of school

requiring approximately two hours each. The pur pose of each visit was to complete a desion on student
o

guided tour of the educational facilities and outdoor learning environments.
A comprehensive tour was necessary (o accurately complete the design assessinent
instrument for each facility. Three researchers trained in school design and assessment
conducted each site visit (one researcher per site). That same researcher completed the
mstrument for cach facility within one hour of coucluding the visit and hefore

outcomes

391

beginning assessment of another school. Tomimimizeshias, all the site visits were
completed before the III,.>S data were olffainedshwmgthe Gegroia Public Education
Report Card for Parents. The data Jdnigfor this study im. addition to the desig
evaluation per school, included the'following variables: achievement data ( I\cadm(g
comprehension, Reading vocabulary JLanguage arts, Mathematics, Social studies, and
science Ofth grade ITBS. seores par school), and a proxy for SES (which was the
percentage of studentgWecelvinggiree and reduced cost school lunchy:

Researcl question qnd asswmptions
The research quesion for the analysiswas: what are the effects of the school’s physical
environment, as definedin the assesgnment scale, on fth grade studengs TIBS scores in
six categories: (reading  compehension, | reading wwocabwlary. laguage arts,
mathematics,social studies, and science? Relability analysis and reduced regression
nmodels were employed to compare student achievement asumeasuredihy the [TBS
(the dependentvariables) with the three well-defined design variable sets representing
Lhc physical enggironment (independent yariables).

The primar\' hvpothaqis for this study was that placcs and spaces where students
learn make a difference mwhat alld how much they learn) Several assumpions guided
the study:

+ The school’s plysicalenvironment may be classified according to'sets of desion
patterns that are measurableden Ayl ikert scale in terms offthefdearee to wilich
thev exist in each sehaol,

+ Validity and rehahihity can be established for anJnstrument that measures a
certain design pattern's exastence i a given school setting,

» The I'TBS is a valid.and reliable measure of eognitive learning.

This study was clasSified a8 non experipteatal, “raising a coneétn for the
explanation variables. Wenlseady, lsnow* that SES"aeseunts«ior™he majority of
the variance in student achievement studies; therefore, any attempt to document
additional varianee representing the phvsical environment is certainly worth the
risk.

Statistical assumptions

+ Regression analysis is an appropriate descriptive technique assuming: on the
average, errors balance out; independent variables ure not randony; uncontrolled
variables are approximately the same for cach observation; there are no
autocorrelations among uncontrolled variables; and the design classifications are
linearly independent.

» The regression technique can determine relationships hetween academic
achievement and the physical environment, thereby possibly explaining the
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TEA effect size (the influence of the physical environment on student achievement).
473 While, the effect size does not explain causality, repeated studies yielding siular
effects can approach this elustve relationship.
»+ Overall, the regression analysis applied in this study is robust in the presence of
departures from assumpons, except for measurement errors.
S

Analysig of the data
Effects of school design on FBBSSCorés were determined by comparing the proportion
of variance explained b§ thefull 1eumss on models and the 1<.duu,d models, that 1s,
taking the differencebetifieen B> of the il régression and the R? of the reduced
regression modelsyThe reduced regression includedithe six [TBS variables (dependent
variables) and a/fproxy for SES, which served as the independent variable. SES is
Erequont]v usad as a predictor of differences in achievement(Ferguson, 2002). In this
studs? thededavallies ranged from 45 to 69 percent (Tabledy), indieating the amount of
vari Ange assoc iated with SES inthe sixdependent variables. Note i1 Table TV that all
thefR® values indicated®the correlations bétween %Fb and the 1TBS scores were
su,nﬂmnt y different from 0% (e =0:000)» The 'R values for the each of the [TBS
categories in Table TV are matched with the full regression components described later
n the article.

Table V shows wmpdns(,n hetween the full and reduced regression models for
each of the six ITBS categories. The reduced regression per [TBS category is presented
in Table IV, SES was the only significant contributor o the variance in [TBS scores
among independent variables; inciuding thenumber of vears of teaching c\pcrience
education levelsiof the teachers, and ethnicity. These variables were included in the
imittal analysis because soime of the SDPL researchers insisted thatteaching experience
and education could have been significant enoughgto be detected in this analysis.
Echnicify, i all likelihood, was imbedded in the SES variablel Tables AI-AVI in the
Appendix show the detailed calculations fou.@achifull regression and R? change
(effect). All effects were.sigmficant (7 chzch n Tables ALAVI) except the 1.7 percent
effect determined for Social studies (o =0:298). The findings were that the school
design classifications of movement and circulation, day lighting, and views, mdicated
significant effects on Reading comprehension, Reading vocabulary, Language arts,
Mathematics, and Science.

Further amalysis, as presentediin™Lables VIand VI reveals exactly which design
classification  infltenceds=ITBS scores. Amalysis™@p o this point has ndicated
significant effects among the design classifications and I'TBS scores. Table VI reveals
exactly where effects were

Table VII provides a detailed analysis supporting Table VI Note that SES
sigmficantly influenced all of t(he ITBS components, Ihls 1$ nolb surprising,
since SES represents a bundle of abilities and attitudes that a student hrings to
school, and accounts for variance in sn,ldmt achievement more than any other
variable. From Table TV, note the R® for Reading comprehension of 0.691
{a=0.000). Table VII shows that movement and circulation have a significant
effect on Reading comprehension, while the other two variables, day lighting and
views, did not show statistically sigmificant effects (o= 0.099 and 0.168,
respectively). For this xamplc movement and circulation were most important in
explaining score variance, since four of the I'TBS categories had significant effects
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Effects of school

Tests of between-subjects effecrs :
| Tepe MM design on student
Dependent sum ol outcomes
Source variable SQUATES df Mean square ' I
Correcied  reacicomp 4259 986" L 4259.986 154.260 0.000
model  readvoc 7408227" :. 7408227 122186 0000 393
larts 326:4.703° 1 264702 57.288 0.000
math 8233.217¢ 1 8233 217 147,013 0.000
socstud 6368.116° [ 6368116 154,408 0.000
science 86950638 1 3695.068 117.327 0.000
[ntercept readcomp 37414.984 1 37414994 1354.848 0.000
readvoc 3818684 I 38186.184 660,741 0.000
farts 42:436.848 I 42436.346 744.663 0.000
math 54273822 E 54273822 969,120 0:000
socstug 48306.369 L 183061569 1171.284 0.000
sclenee 56d34.027 1 56434.027 761492 0.600
SES readcomp 4259.986 i 4259.986 154.260 0.000
redd voe 408,227 | 7408227 128,186 0.000
larts 3264703 i 3264703 57 288 0.000
math 8203217 1 8233.217 147,018 0.000
sogstud Boo8 16 | 6368.116 154,408 0.000
sc1ence 36951068 1 8695.068 117.327 0,000
Frror teadeomp 19081479 69 27.616
readvige JUBT716 89 57.793
larts 39528 70 69 36,988
inath 9864.21 9 659 56.003
socstud 2845 716 69 41.242
science 5113.580 69 110
Total readcomp 173612.000 71
readvoc 136808.000 71
lartsg 230189.000 71
math 221082.000 7]
socstud 210246.000 71
selence 229134.000 71
Corrected readcomp 6165465 70
iotal readvoc 11396.944 1)
larts 7196.873 70
math 12097 437 70
socsiud 9213.83 70
serence 13808.648 70 Table IV.

Notes: “R¥= 0591 - Reading comprehension (readcomp); "R* = 0650 - Reading vocabulary  The reduced regression

readvoc); “R* = 0454 - Language aris (larts); “R* = 0681 - Mathematics (math); RE=10.691 — model - ITBS scores
Social studies (socstud); TRY = 0.630 -~ Science tscience) with SES

from this variable. Day lighting influenced variance in Reading vocabulary and
Science scores more than in the other four ITBS categories. Classrooms having
views significantly influenced variance in Reading vocabulary, Language arts, and
Mathematics.
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JTEA Discussion
47.3 For each section of the TTBS, except Soci ial studies, as indicated in Tables VI and VIL
there was at least one blgmf.lC’lllt R? This result implies the importance of each of the
three classifications of school ]Lsi{,n patterns. Movement and circulation patterns
significantly influenced the variance in Reading comprehension, Language arts,
Mathematics, and Science scores. Spaces allowing freedom of movement and
394 circulation correlated with better test rscores, which paral els Wn wd 1 and van Vliet's
(1985) implication that o crow 'w.m_u.,‘ has a negative lent outcomes.
Dav lighting did not fence the vartige m his study as
sienificamtly as it diggh elHeschone MG waver, it did
ficantly affecfhcdarianes 1 SCience ane, 1 res.
af vights svere probably the most supp: ine set of vanables in this study,
Phere exisiamitt o Squantitative evidence on thisWepic in the literature. Views
smmhmntlv infuenced the variance of Reading vocabulary, Ldnguage arts, and
Mathematics. Apparently. the Zenview (Alexander ef alyyl977), 1s important for
¢asérooms where the stddlent neecds to See outside, but notwnccessarily have a
cymmanding view. LHe provision for the studeats'to rest thew eyes'by allowing a
minimum view of at lLaqt o0 feet (Nair and Fieldingh2008) 18 supported by this study's
stgnificant findin, g:f pardiBy padlemsmhamnews
[f this aLud _Iu,.... dwth pasablelkfinding:
dlocumented ¢ gr: anfeffegts were not jusStEn
puts forth th" onceptepEationale, andimethods
legigned o elnn !';-.-
learming. Accoirdi
spAtes WHERES [ldents leq

. tRerta Gase ean Be Buult that the
1 odcutrences. Thig research effort
orplete other réfated studies
just e machfintluence the | ica! environment has on student
taresult§ from the sample usedlin SERISISEN 1e places and
rr. ke a differenc@in thelr EMBVET o

fFull Reduiced fBifect

TBYsCHlEs Reg: R Reg. 1% J; S @
R ading comprehension 0.778 0.691 0.087 0.000
Readinggocabularsy 0,703 0,650 0.053 0.012
Languagetarts alive (1454 0.09 (.005
- . Mathematics 0,766 0.651 0.080 0.000
fgbe V. Social stucties 9708 0.69] 0.017 0.208
Phe effects ol all schaol — gjeyyee 0699 0620 0.069 0.003
design variables on [ifth
grade ITRS scores Note: See Appendix [or detailed caleulations
Reading Reading Language Social
comprehension  vocabulary arts Math  studies  Science
Table V1.
Where design Movement and circulation X X X X
significantly influences Day lighting X X

I'TBS scores (e = 0,00) Views X X X
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- . - Effects of school

Tests of effects

Dependent  Type I sum design on student
Souree variable of squares Mean square df rF w outcomes
Corrected readcomp 47944447 4 1198611 o7, 7()() 0.000
model readvoc 8011.772" 4 2002.943 39.06: 0.000
larty 3056.619" 4 089,155 20.148 .000 395
math 9197 4399 4 2299.360 52,330 0.000
socstud 6521.326° 4 1630.332 39963 0.000
SCIENCE 9649.792" 4 242,448 38285 0.000
[ntercept readcomp 7132.860 1 7132860 343.371 0.000
reaclvoc 104334106, 1 10428166 203570  0.000
larts 9018.108 1 9015,103 183.627  0.000
math 14391 354 L 14321354 325935 0.000
saestud 12417618 1 12417618 “=304887  0.000
sClenee 14392.975 1 14392.975 228413 %.0.000
SES > readcomp 3629.107 i 3629107 174.703 . 0.0€0
fFeadioc 7458.700 1 7458 709 145464  0.000
larts 3028.747 | 3028747 61692  0.000
math 2407096 1 8407096 191.334  0.000
socstud 00.38.558 1 6038.558 148,015  0.000
sclence 7964.001 1 7954.001 126.228  0.000
Movement readcomp 241,256 1 241.236 11613 0.000
and circulation)  readvoc 19.004 1 49004 0,956 0.332
larts 422,925 ! 422,923 3,614 0.005
nh 304,764 1 504.764 11488 0001
sucshud 65,056 1 65.036 1595 0211
sclénce 895.013 1 295.013 6.269 0,015
Day light readcai) 88 332 1 38,352 2808 ¢#0.099
readyoc 2OME20) 1 264,620 5161 0.026
larts (54903 1 (54.9138 1322 0.254
mathy 93:120 1 98.130 2120 0.150
socstud 26.704 1 26,704 0,605  10.421
scienge 768.256 1 768.256 12.192 /0.001
Views readcamp 40.344 1 40,344 1942 10168
readvoC 497,938 1 497.938 9.711 (003
larts 211.279 1 211.279 4308  0.042
math 764967 ¥ 764,967 17410  0.000
socstd 120,502 1 120.502 2954 0.090
SCIETCE 50140 1 53540 0.850 0.360
Error reacdcomp 1371.020 66 20,773
readvoc 3384172 36 51.275
larts 324025 66 49.095
math 2899 997 66 43 939
sacstud 2692 3(")r 66 40.796
sclence 4158.856 6 (63.013
Total readcomp 173612.000 71
readvoc 136808.000 71
larts ?30 189.000 71 Table VIL
SOCS L LUZa0.00) SRy, X T
science 229134000 71 SES and school design

(continued) variables
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Table VII.

Tests of effects
Dependent Type I sum

Source variable of squares Mean sguare df F @
Corrected motal  readcomp 6165463 70

readvoc 11395944 70

larts 7196.873 70

mall 12097437 70

socstud 9213.831 70

science 13808.648 70

Pl

Notes: “R* = 0.778 - Reading comprehension; ,”[i’ =003 - Reading vuvca]))ulm'y; RE=10550 -
Language arls; ‘0% =0.760 - Mathemalics; *R° = 0.708 4Social studies; 7% = 0699 ~ Science

Note

o Three researchers collected school desion data used in this study. Special thanks to
Dr Kathleen Yarborough (2001} for her efficient work. Preceding Dr Yarborouglh'’s study, Ms
Elizabeth Jago assisted me in collecting data, walidating the original mstruments, and
asswisting i pilot testing. Special thanks to the Georgia Board of Regents, the University of
Georgia and fhe College of Education at UGA for funding research efforts of the School
Design and Planning Laboratory and supporting 4ll the graduate students that spent long
hours working with me in the development and refinement of concepts found in this article,
their dissertations, and other publications since 1997. The SDPL is indebted to the 19
Georgia school systems that allowed me, my rescarch assistants, and graduate classes to
tour their schools from 1997 to 2003
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Appendix. Calculatinns to detérmine effects of school design variables on ITBE
scores

The £° change in each of the six tableSiin this Appendix is interpreted as the effect. Therafore,
the effect of all three sets of school desi%n variables.on Readingsedmyprehension (Table Al), for
example, is [(0.778-0.691) = 0.087], the R * change (< = 0.000). Tabie'V reveals a summary of the
followmg Tables ALV

Descriplive stalistics

Mean V) N
Reading comprehension 48.563 0.384 71
SES 53,993 18473 71
Movement and cireatation 34985 10,310 71
Day lighting 12.647 3.512 71
Views a0.211 8153 71
Model summary
Model R R? Sk R? F

Change  Change  dfl  df2 o
SES ( ),831': 0691 5.23% 0.691 154.260 | 69 0000
gt ranb 7IQ il i o n

Design ().882 0,778 1,557 ().087 3.576 3 66 0.000 Table AL
Notes: "Predictors: (constany), SES: Ppredictors: {constant), SES, Movement and cireulation, Day Effects on reading

lighting, Views comprehiension
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Table AlL
Effects on reading
vocabuwlary

Table AL
Effects on language arts

Table AIV.
[2Ffects on mathematics

Descriplive stalislics

Meun SD N
Reading vocabulary 42028 12759 171
SIS 53993 18473 T
Movement and circulation 34,985 10310 71
Dav lighting 12.647 3312 71
Views 30.211 8153 71
Model susromeary " )
Maoclel R R® SE R? F

Change  Change  dfl  df2 @

SES (0.806" 0.650 7.602 0.630 128,186 1 69  0.000
Design 0838 0,703 7.160 0.053 39243 66 0012

Notes: ‘Predictors: (codstant), SES; Ppredictors: (constant), SES, Movement and circulation, Day

lighting, Viiests

Descriplve stalistics

Mear SD N
Language arts 56.042 10159 71
SES 53.993 18.473 71
Movemen( and cir¢ulation - 34.985 10.310 71
Day lighting 12.64% J il 71
Views 30.211 8.150 71
Model stmmary ‘
Mgl R R SE R* F

Change)  Changed™ df1  df2 o

SES 0.6744 0454  7.549 0,454 57.288 1 59 0.000
Desigh 0.7418 0.550  7.006 {0.096 4.698 3 66 0.005

Notes: *“Predictors: (conslani), SES; "predictors: (constant); SES, Movement and circulation, Day

lighting, Views

Deseriplive staliShigs

Wiean SD N
Mathematics 54,253 13 146 71
SES 53.993 18.473 71
Movemenl and cireulation 34983 10.310 71
Day lighting 12,647 3312 71
Views 30211 81583 71
Model suninary
Muodel R R¥ SE R# 7

Change  Change  dfl  df2 o

SES 0.825" 0681 7483 0.681 147.013 1 59 0.000
Design 0.872" 0760 6628 0.080 73156 ] 66 0.000

Notes: “Prediclors: (constant), SES; "predictors: (constant), SES, Movement and cireulation, Day
lighting, Views
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— Effects of school

Descriplive siatistics ;

pliva stalisties s SO N design on student
Social studies 53.211 11.472 71 outcomes
SiES 53.993 18.473 71
Movement and creudation 34,985 10.510 71
Day lighting 12,647 3312 7l
Views 30210 8153 71 399
Muodel summary
Model & SE R* i

Changews, Change  df1  df2 o

SEs 0.331% 0,891 #6.422 0.691 154,408 1 69 0.000
Design 0.872° 0.708  6.387 0.017 1.252 3 66 0.298
Notes: "Predictors; (constant), SES; "predictors: (constant), SES, Movement, and circulation, Day Table AV.
lighting, Views Effects on social studies

Descriplive stalistics
Mean SD N

Science 55.070 14.045 7l
SES 53.993 18.473 71
Maovement and eirculation  34.985 10.310 7l
Day lighting 12.647 3.314 71
Yiews 30211 8.153 71
Model summary
Mude) R R® SE R* o
Change Change dfl | di2 @
SES (.794% (.63 8.608 (.630 117.327 1 69 @000
Design 0.836" 0.693 7938 0.069 5.050 3 860 (003
Notes: "Predictors: (constant), SES; Ppredictors: (constant), SES Movement and Circulation, Day Table AVL
[ighting, Views Effects on science scores
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All for the future: Infusing future ability into social studies education

Abstract

Much of individual, social. and global success afid survivasdepends on the ability to predict the future, i.e.,
‘future ability’. The concept of “future’, however, 1s a topic thatha$ilong been lacking in the field of education in
Taiwan. ‘Future ability’ is also a missing competence from the currenticurriculum in Taiwan. We still do not have
s clear definition of ‘future ability”, nor do we fully understand how t6"inelude future ability into the present
school curricula. Therefore, the@im of this study Ls.to-expioic the possibility of infusing future ability into social
studies education. The reseafeh participants af€ 27 prospective teaehers enrolling in the “Instructional Materials,

ethods and Practicum in Social Studigs for Elementary Education” ‘COUrSe. In the course, the prospective
li\/lachers have to complete two major tasks: (1) construct their.meanings ‘of ‘future’, “future ability’, and ‘infusing
future ability into social studies education’; and (2) to_complete a project on design, implementation, and
evaluation of a curriculum on ‘infusing futuresability-into social, studies education’. The role of the teacher is
scaffolding students to complete these tasks using a constructivist approach. The constructivism-based scaffolding
system includes lectures, provision of a variety of infernet resources such as digital databases, interaction through
an internet-based course website, observation.of experienced teachers’ teaching, and field teaching. The results
indicate that the prospective teachers are capable of constructing the meanings of ‘future’, ‘future ability’, and
‘infusing future ability into social studies education’. They are also able to design, implement, and evaluate their
school curricula. Suggestions for mfusing future ability into social studies and'global education are posited based
on the prospective teachers’ constructiong with refcience to sclated literature.

Keywords: future ability, social studies education. global education, constructivism
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(1) counterfactual analysis (5 %)
(2) the plausible value (5 %)
(3) experience sampling method (5 4~)
(4) differential item functioning (5 %)
(5) measorement invariance (5 4~)
AEESHB AR SRR AF R AANGREE > RieE EE RS RBRAR
( norm-referenced test, NRT ) 4 F #3798 ? BT 1k 20457 5 P8 WAy
( criterion-referenced test, CRT ) 45 A8 4F ? Rk 21 ey L& L RAXFERAR
BT B AT 2A25 )

S EHRFTME Y HRE RBP4 R %% (single subject) shE A IFHE - BE
EoHERiGAd Y AL anEEE TR RS T4 E THRK
RSty 2RBAX ? #h YRkt —EA RS RRIPETFE - (25%)

W BEREFEAR CEA 10000 2 2R EFEH  EUZETRTHRAAER (X
@A) RAIBBEE (Vo R¥a ) B& e RRELE T ZX

(standardized regression equation) ¥ F :

(BEgx#) = 050 (R@Ef)
(B &M%, BEES

#FE

(1) B apnhi8bpzMaafeEtszr? (24)

(2) REMMERE2ERRUBELBILFTSZ D ? 3 4)

(3) 1B3%E 4 A48 MdZ % Sodieh 2. 085 F » oS £ AR E 0 B AR T L
#®BFVETHEAREZEE? (59)

(4) 3B LA - ¥ BARLBERN—EFRARSE (L ThARE) BX >
HEZECRATBARKERFUREANBB R =5 - ZCLTIEER
@MWz YR THAAEE B REEANEOTABERART
CEEHEHSERR S EHYRELESEL? (T)

(5) K LA - 3B HBMABAFHIBE-F  TEHEERRLBEA RA
N EHET? (84)
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