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In this paper, mid-century modern single-family houses designed by William
Hajjar are analyzed through a shape grammar methodology within the context of
the traditional architecture of an American college town. A member of the
architecture faculty at the Pennsylvania State University, Hajjar was a
practitioner in State College, PA, where the University Park campus is located,
and an influential figure in the history of architecture in the area. The residential
architecture he designed for and built in the area incorporates many of the formal
and functional features typical of both modern European architecture and
traditional American architecture. Based on a computational methodology, this
study offers an investigation into this hybridity phenomenon by exploring Hajjar's
architecture in relation to the traditional American architecture prevalent in the
college town of State College.
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INTRODUCTION
The residential architecture of A. William Hajjar, a
member of the architecture faculty at Penn State in
the mid-twentieth-century period and a practitioner
in the area incorporates many of the shapes and fea-
tures of both modern European architecture and tra-
ditionalAmericanarchitecture-adistinctivequality of
his work, which, however, can also be found in the
work of his fellow faculty practitioners in other US
college towns. A quality, too, that helped popularize
modernism in the United States. The present paper
is part of a larger-scale study in which this hybridity
phenomenon between modernism and traditional

American architecture is verified and described us-
ing computational methodologies. In this paper, Ha-
jjar’s single-family architectural language is analyzed
in relation to its specific local context-i.e., the tradi-
tional architecture of State College, a typical Amer-
ican college town. On this basis, the architectural
significance of Hajjar’s work in regard to populariz-
ing/Americanizing a non-popular and imported ar-
chitectural style is explored. The theoretical out-
comes of this study build on the use of shape gram-
mar in verifying and describing the possible hybrid-
ity betweenmodern and traditional architecture and
more broadly the potential of this tool to describe ar-
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chitectural hybridity in general.

METHODOLOGY
The present paper, as noted, is part of a larger-scale
project inwhich computational designmethodology
is used to verify and describe hybridity in architec-
tural design with Hajjar’s architecture featured as a
case study. In the larger-scale project, Hajjar’s work
is explored via five principal steps: (1) Hajjar’s life
and practice are traced to identify likely influences
on his work; (2) a shape grammar is developed for
the houses he designed for and built in State Col-
lege; (3) the grammars of some of his likely influ-
ences are identified or developed; (4) Hajjar’s gram-
mar is compared to the grammars of such influences
to determine the nature and extent of their impact
on his work; and (5) aspects of the social and tech-
nological context that may explain such influences
are identified-i.e., trends in regard to lifestyle and the
availability of materials and technologies.

In previous papers, the authors described Haj-
jar’s single-family architecture in comparisonwithEu-
ropean architecture and the Bauhaus style through
the work of Gropius and Breuer in the United States,
whom he met during his architectural studies. This
comparison was performed by developing a gram-
mar of Hajjar’s work in State College and compar-
ing the rules identified with those of a grammar de-
veloped for the Gropius-Breuer partnership in the
United States. However, the focus of the current re-
search is on comparing Hajjar’s architecture with the
traditional American architecture of the context in
which his work evolved. The paper includes the rules
of a grammar developed for traditional American
houses in State College, a derivation of a traditional
house in State College (very similar to the traditional
houseownedbyHajjar in the area), and a comparison
of the rules of this grammar with rules of the gram-
mar previously developed for Hajjar’s architecture.
Two ways to identify similarities between the rules
of the two grammars are used: (1) the derivations of
houses-with similar layouts-generated by each of the
grammars are compared step by step, and (2) plans

for a traditional house constructed in the area-with a
common interior layout similar to thosegeneratedby
the grammars-are produced through both the gram-
mar of traditional architecture and the grammar for
Hajjar’s architecture, and then compared with each
other.

SHAPE GRAMMAR
Introduced by Stiny and Gips in 1972, the concept
of shape grammar in computation is defined as a
class of production systems based on an initial shape
(or a set of finite shapes) and transformational rules
that can be applied to the original shape recur-
sively. This method has been used to analyze exam-
ples of historical architecture, such as the Palladian
villas (Stiny & Mitchell, 1978), Frank Lloyd Wright’s
Prairie houses (Koning&Elizenberg, 1981), bungalow
houses (Downing & Flemming, 1981), Queen Anne
houses (Flemming, 1987), and Alvaro Siza’s houses at
Malagueira (Duarte, 2005).

In the past three decades, using the concept
of shape grammar, several scholars have studied
the notion of stylistic evolution and introduced the
idea of grammatical transformation. This scholarship
includes Knight’s seminal work on the transforma-
tion of Wright’s Prairie houses into Usonian houses
(1983), Çolakoğlu’s contemporary houses based on
vernacular Turkish Hayat houses (2005), Chase and
Ahmad’s account of hybridity in design (2005), Eloy
and Duarte’s adaptation of existing house types to
meet contemporary needs (2011), Kruger, Duarte,
and Coutinho’s study of Alberti’s influence on clas-
sical Portuguese architecture (2011), and Benrós’s
(2018) study of the phenomenon of hybridity in ar-
chitectural languages. Extending the research cited,
the present paper is principally concerned with us-
ing shape grammar to describe the influence of tradi-
tional American architecture on Hajjar’s single-family
architecture in the context of a central Pennsylvania
college town.
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WILLIAMHAJJAR
Abraham William Hajjar (1917-2000) studied archi-
tecture at the Carnegie Institute (now Carnegie Mel-
lon) (1936-1940) and the Massachusetts Institute of
Technology (MIT) (1940-1941) and served as both a
faculty member at the Pennsylvania State University
(Penn State) and a practitioner in the area in themid-
twentieth-century period (1946-1963). While Hajjar
was a student at the Carnegie Institute, most of the
architecture faculty, like the majority of U.S. architec-
ture programs, favored the Beaux-Arts philosophy of
design. Yet, some young faculty members, especially
during the late 1930s, who were assigned to teach
freshman and sophomore studios favored Interna-
tional Style architecture. At the invitation of these
facultymembers, Walter Gropius, as the new director
of Harvard’s architecture program, gave a lecture at
Carnegie Mellon in March 11, 1938, while Hajjar was
a sophomore there.

At Carnegie, the students were doing ink draw-
ings with washes of classic Greek columns, and as a
result, Hajjar became interested in this genre such
that he produced ink and watercolor renderings for

most of the projects he designed in the following
years. However, he became well-versed in mod-
ernism atMIT, especially while working under the su-
pervision of Lawrence Anderson, who not only de-
signed the first modernist building on an American
campus (theMIT Alumni Pool, 1939) but also endeav-
ored to bring a modern outlook to MIT’s program in
the late 1930s. While Hajjar was at MIT, Gropius and
Breuer were invited regularly-mostly by Anderson-to
deliver lectures there and to participate in student
work reviews. Not onlyHajjar, but also his classmates,
learned about the Bauhaus style of modern architec-
ture through these interactions with some of the pi-
oneers of modern architecture.

After receiving his Master of Architecture degree
fromMIT in 1941, Hajjar initially joined the State Col-
lege of Washington as a faculty member. In 1946,
however, he joined the architecture faculty at Penn
State. When Hajjar moved to State College with his
family, most of the single-family houses in the area
were in the Georgian revival, Colonial revival, Tu-
dor, and Cape Cod styles, although ranch and split-
level houses were starting to appear. Similar to other

Figure 1
Hajjar’s first house
in the area and its
schematic layout.
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houses in the area, the first home that Hajjar bought
for his family in the areawas a Georgian revival house
with a traditional four-square organization (Figure 1).
His first project in the area was a house he designed
for his own family in 1951-1952. This project was
successful enough to attract local clients, many of
whom were Penn State faculty members. In fact, Ha-
jjar designed and built a total of thirty-three houses
in the area. Many of his houses blend with the tra-
ditional houses in the neighborhood in terms of ex-
terior building materials, volumes, and roof shapes.
However, Hajjar’s houses have an internal organiza-
tional structure that is both modern for the time and
unique to his work.

THE COLLEGE TOWN: AN AMERICAN PHE-
NOMENON
The college town, in its instantiation as an American
phenomenon, is a community that is heavily depen-
dent on the university it hosts (Brockliss, 2000). Col-
lege townshave characteristics in commonbothwith
small towns and with cities: for example, in terms
of population, urban setting, and most of the infras-
tructure, they are comparable to other kinds of small
towns. However, in terms of culture and education,
they are more comparable to cities. It is important
to note, though, that colleges differ from each other
in terms of size, mission, fields of study and degrees
offered, entrance requirements, tuition costs, etc.,
and, therefore, attract students and faculty who re-
flect those differences and who, in turn, “shape the
character of the towns in which they are located”
(Gumprecht, 2008, p. 22).

The idea of university life and of the university
community, as Laurence Brockliss argues, does not
have its origins in the U.S., but in the medieval Euro-
pean universities where students and teachers lived,
worked, and studied together in a “cloistered envi-
ronment” (2000). Yet, the comprehensive planned
modern university campus, or what Thomas Jeffer-
son called the “Academical Village,” is primarily an
American phenomenon (Chapman, 2006). Begin-
ning in the colonial period, American colleges fol-

lowed the English “collegiate” model; even the large
universities developed in the United States initially
followed this model. Although they followed many
English precedents, American colleges developed
their own “American” character. For example, unlike
in the European/English model, which favored sepa-
rate colleges in separate locations within a town, col-
leges in the US were clustered together to create a
campus, some of which were built in downtown city
areas. However, as another innovation, or another
break fromEuropean tradition,most campuses in the
US were built in separate communities or towns in
the countryside or even in the wilderness (Turner,
1984).

Modern houses in college towns, especially in
neighborhoods near the universities, are usually the
result of a specific set of conditions: for example, it
was observed in a study of Urbana, IL, that profes-
sors weremore likely to ownor construct houses that
were architecturally distinctive than to buy ordinary
houses-as a way to set themselves apart as an edu-
cated class (Gumprecht, 2008). Furthermore, general
awareness of modern movements through an archi-
tecture program might be another important condi-
tion in towns where people are likely to be very con-
nected socially. This is in addition to the direct rela-
tionships between the architects and the clients, the
latter of whom were also faculty members in some
cases. Most college towns have at least one older
neighborhood near campus that is home to a large
number of professors. The College Heights Historic
District in State College, PA, where nearly half of the
houses Hajjar designed in the area are located, is an
example of this kind of neighborhood.

TRADITIONAL AMERICAN ARCHITECTURE
IN STATE COLLEGE, PA
In A Field Guide to American Houses, Virginia and
Lee McAlester designated houses found in typical
American neighborhoods as either “folk houses” or
“styled houses.” Folk houses or vernacular houses
are built usually by the occupants or other non-
professional builders without any specific intention
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of following current fashion. However, as the re-
searchers state, most American houses surviving
from the 19th century are not folk houses but styled
houses, which were built with “at least some attempt
at being fashionable” (McAlester & McAlester, 2009
p. 5). The styles described in their book comprise
Colonial houses (1600-1820) Romantic houses or re-
vival houses (1820-1880), Victorian houses (1860-
1900), Eclectic houses (1880-1940), and houses since
1940 (including contemporary and neo-eclectic). As
noted, McAlester and McAlester based their stylis-
tic approaches, descriptions, and style categories
on domestic architecture found in typical Ameri-
can neighborhoods throughout the country. The
present study, however, focuses on traditional Amer-
ican houses in State College, PA, with the goal of un-
covering their architectural influences and analyzing
how the latter relate to Hajjar’s mid-twentieth cen-
tury architecture.

Located in central Pennsylvania, State College is
a college town dominated both economically and
demographically by the University Park campus of
the Pennsylvania StateUniversity (Penn State). Evolv-
ing from a village to serve the needs of the Penn-
sylvania State College (founded as the Farmers’ High
School of Pennsylvania in 1855), State Collegewas in-
corporated as a borough in 1896. Expandingwith the
growth of the university, neighborhoods adjacent
to the University Park campus started to be devel-
oped mostly in the early twentieth century. To study
single-family domestic architecture designed in tra-
ditional styles in the area, it is instructive to explore
the College Heights Historic District, a national his-

toric district located north of campus that was added
to the National Register of Historic Places in 1995
(National Register Information System). As stated in
the National Park Service’s registration form, College
Heights encompasses land and historic buildings as-
sociatedwith the early residential history of the town
and ”represents its growth andarchitectural develop-
ment as an emerging college town” (p. 2). All historic
districts, including College Heights, consists of ”con-
tributing” and ”non-contributing” properties. The
registration form for the College Heights district in-
dicates that there are 278 contributing properties in
this area. Although all the contributing houses have
a special characteristic(s) in relation to the history of
the neighborhood, the registration document high-
lights some properties as best examples of houses
designed by local architects/contractors or popular
mail-order catalogues (Table 1). Most of these exam-
ples, constructed in the 1920s and 1930s, are built
in bungalow, colonial (Dutch and Georgian), colonial
revival, Georgian revival, and four-square styles. Fig-
ure 2 shows examples of the contributing houses in
the College Heights Historic District. Of these archi-
tectural styles, two interior plans areparticularly pop-
ular in the neighborhood: a four-square organization
and a four-room organization with a hallway in the
center, very similar to Hajjar’s first house in the area.
Figure 3 shows examples of each kind of interior or-
ganization.

Figure 2
Examples of
traditional houses
in the College
Heights Historic
District.
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Table 1
Examples of
Traditional
American Houses
designated as
Contributing to the
College Heights
Historic District.

Figure 3
Main floors of a
typical mail-order
plan with a center
hall colonial
organization (left)
and a four-square
organization (right).

GRAMMAR FOR TRADITIONAL AMERICAN
HOUSES
Thegrammar presented in this paper is introduced as
a grammar for traditional American houses, although
it is specifically a grammar for traditional American
houses in the College Heights Historic District. The
corpus of designs includes the houses noted in the
previous section (Table 1). Interior organization was
the main feature considered in the process of analy-
sis, with an emphasis on the two most popular inte-
rior plans in the area: the four-square and the four-
room organization with a central hallway. Given the
popularity of these plans, this emphasis is appropri-
ate. However, there is also another key reason: this

534 | eCAADe 37 / SIGraDi 23 - Challenges - CULTURAL HERITAGE - Volume 1



interior organization underlies most of Hajjar’s de-
signs. Additionally, as many of the houses in the
district are bungalows, the grammar developed for
this kind of house in Buffalo, NY, by Downing and
Flemming (1981) was also considered in the devel-
opment of the grammar presented herein. Although
Downing and Flemming developed their grammar
for houses in Buffalo, NY, as most of the houses in
their corpus were catalogue homes similar to bunga-
low houses in State College, it is rational to use their
rules in developing a grammar for traditional houses
in the State College area. Especially given that many
of the bungalow houses built in both cities were con-
structed during the same period (1920s) from the
same design source (Sears).

It is important to note that only grammars devel-

oped with the same strategy, for example, additive
or subtractive, can be compared accurately. There-
fore, in some cases, it was necessary to slightly mod-
ify the rules of the Buffalo bungalow grammar in or-
der to relate it to the grammar for traditional Amer-
ican houses in State College (College Heights dis-
trict) and also to the grammar for Hajjar’s architec-
ture (Figure 4). An important similarity between the
grammar for the bungalows and the grammar pre-
viously developed for Hajjar’s single-family architec-
ture (Hadighi & Duarte, 2018) is that both grammars
start from theoverall inhabitable space and thenpro-
ceed to the allocation of spaces based on public and
private functions. Of course, allocation of spaces or
the way in which the larger spaces are divided into
smaller spaces or rooms is strongly dependent on

Figure 4
Selected rules of
Hajar’s grammar
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both the technological and cultural aspects of the
context: for example, the maximum width of a room
is a dependent variable ofmaximumbeam spamand
the spatial flow or openness of the living room, din-
ing room, and kitchen is verymuch related to prevail-
ing notions of privacy in domestic life.

Similar to thegrammarof theBuffalobungalows,
in Hajjar’s grammar the inhabitable space can be di-
vided into six (or four) functional spaces/rooms. In
Hajjar’s grammar, any of the “rooms,” particularly the
middle ones, can be divided into smaller spaces to
create small hallways or stairways, or service areas,
such as a bathroom or furnace room. On the other
hand, in the grammar for the bungalows (like the
grammar developed for the traditional houses) addi-
tional spaces were introduced between two “rooms”
to create stairways or service areas. (Figure 5).

Figure 5
Rules to allocate
staircase,
bathroom, and halls
adapted from the
grammar for Buffalo
bungalows
(Downing &
Flemming, 1981).

Based on the houses in the corpus and the rules
adapted from the grammar for the Buffalo bunga-
lows, a grammarwas developed for traditional Amer-
ican houses in the State College area. Similar to the
grammar for Hajjar’s single-family houses, the gram-
mar for traditional American houses encompasses
different groups of rules: rules to define the overall
inhabitable space; rules to describe the way in which
interior space is divided into smaller spaces or rooms;
rules to allocate the interior functions; and rules to
generate details such as the placement of closets,
the placement of a fireplace, and wall thickness. Se-

lected rules of the grammar developed for traditional
houses in the area are shown in Figure 6.

Figure 7 shows the derivation of a design in the
corpus used to infer the grammar. The design is re-
lated to a house built in the colonial revival (neo-
Georgian) style in the College Heights Historic Dis-
trict. It is very similar to the first house Hajjar bought
in the area for his family. In an effort to compare
the two grammars-the grammar for Hajjar’s single-
family houses and the grammar for traditional Ameri-
can houses-Hajjar grammar is used to derive a design
solution with a fairly similar interior organization as
the house in figure 7 (Figure 8). It is interesting to
compare the two design solutions, one the result of
the traditional grammar, actually a house built in the
area, and the other a house produced by the gram-
mar of Hajjar’s work that is as close as possible to that
traditional house (with the same geometry and the
same idea of interior organization. The main differ-
ences between the two solutions are: (1) the place-
ment of the main entrance door, which in the plan
produced by Hajjar’s grammar is at the side of the
house instead of the dead center front; (2) the flow of
spaces, which in the plan produced by Hajjar’s gram-
mar results in a very open floor plan; (3) the place-
ment of the living area, which in the plan produced
by Hajjar’s grammar is at the back of the house facing
the backyard. It is important to note that Hajjar gen-
erally designed his houses in a different orientation:
the houses that he designed in the area commonly-
though not always-have their longer side perpendic-
ular to the street. Hajjar’s houses in the area either
have a square-shaped plan divided into four smaller
squares (andnine squares in his second family house)
or a rectangular shapedivided into six smaller spaces.
Figure 9 shows the step-by-step derivation (based on
Hajjar’s grammar) of a house built to Hajjar’s design
in 1959 in the area with a square-shaped plan and
an interior allocation of spaces very similar to that
of the colonial revival house generated by the gram-
mars (Figure 7).

In general, it is evident that the geometry of Ha-
jjar’s designs is similar to that of other houses in the
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Figure 6
Selected rules of
the generic
grammar for
traditional houses
in the State College
area.
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Figure 7
Derivation of a
traditional house
based on the
generic grammar
for traditional
houses in the area.

Figure 8
Derivation of the
same traditional
house shown in
figure 7 based on
Hajjar grammar.

Figure 9
Derivation of the
Snowdon House,
designed by Hajjar
in 1959 based on
Hajjar grammar.
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area. Also, the division of the main inhabitable space
into smaller spaces/rooms in Hajjar’s designs is very
similar to that of the traditional houses in area. Ha-
jjar’s allocation of interior functions also shows sim-
ilarities with the traditional architecture in terms of
the flow of spaces. However, the flow of spaces and
openness of his interior planning, and his attention
to the idea of energy efficiency-for example by plac-
ing the fireplace not on an exteriorwall, but as amain
design aspect of the interior circulation distinguishes
his architecture, all of which lean toward modern
principles of design. In fact, these are all design el-
ements that Hajjar learned from Anderson, his mas-
ter at MIT, and through interacting with Gropius and
Breuer and studying their architecture. This hybrid-
ity between Europeanmodernism and American tra-
ditional architecture was a key to Hajjar’s success in
practicing architecture at an American college town
in themid-twentieth century. A hybridity that helped
popularize modern architecture in the area at that
time. Of course, changes in people’s lifestyles and the
cultural and socio-economical changes after World
War II in theUnited States led to a reassessmentof the
principles of residential architecture in the country-a
need to which contractors and architects responded
nationwide.

CONTRIBUTIONS
The purpose of the proposed study is to highlight
the effectiveness of shape grammar as a computa-
tional tool for analyzing hybridity in architectural de-
sign and comparing styles with each other. In re-
lation to Hajjar’s architecture in the State College
area, this study highlights his contribution to the sta-
bility and popularity of modern architecture in the
United States bymixing the forms and functional fea-
tures of modern European architecture with tradi-
tional American architecture to create an architec-
tural “style” that may be unique to American college
towns and that can be understood as a localized,
Americanized, college town modernism. This idea
needs to be more explored and further developed in
future papers. The grammar of Hajjar’s houses is pre-

sented in previous research (Hadighi & Duarte, 2018).
Here, the grammar for traditional American houses is
presented and then used to determine the extent to
which Hajjar’s houses are similar to traditional Amer-
ican houses in the area.
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