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Abstract: This paper argues that among all other spaces, pedestrian streets in a university campus also serve as “informal creative
spaces”, where people meet each other while walking, crossing or simply standing and talking to each other. The study proposes a
three-level approach to assess the street scapes of university campuses. First, a walkability audit of the pedestrian streets (samp led
sequence) of higher education campuses, using a modified version of the well-established walkability audit tool developed by the
Centre for Disease Control, U.S.A. Second, collecting students’ responses on the same influencing factors as used in the audit tool
and questionnaire. Third, a topological analysis of the pedestrian streets using space syntax. Finally, a correlation study of the
outcomes will be done to understand the factors of walkability relevant to higher education campuses. The syntactic analysis data
further backs the findings theoretically.

This methodology ensures the importance of pedestrian streets as an ‘informal meeting space’ within higher education campuses
by relating walkability to social interaction and creative exchange in higher education campuses. Increased social interaction and
liveliness through increasing walkability of pedestrian streets within higher education campuses, and establishing the role of
mobility networks in overall campus creativity. The outcomes of the study can be useful for architects and planners to convince
the management and decision makers to invest in building and developing pedestrian networks and facilities.

IndexTerms - Higher education campuses, Mobility networks, Open S paces, Pedestrians, Space Syntax, Creativity, Walkability

I. INTRODUCTION
Higher education campuses are considered a powerhouse of creativity as they are fostering exchange between students,

scholars, entrepreneurs, activists and many other creative members of the public. Campuses vary in scale, size and planning
typologies but have practically similar kind of spaces and voids, in general. Thus, problems and issues are more often seems to
be typical and comparable in nature with varying level of severity (M.Z. Abd-Razak et al., 2011). The intense level of activities
happening within these campuses and its vicinity, supposed to create a more creative, conducive and interactive community
environment, but with that it also generates problems like stress (Andersson et al., 2009; Chambel and Curral, 2005; Misra and
Mckean, 2000; Mosley et al., 1994). Mobility networks within the campuses, specifically pedestrian streets and open spaces are
generally planned to amplify the productivity, efficiency and relieve stress, among university members. Many institutes of
higher education across the globe are adding specific indoor and outdoor spaces to their facilities in order to accommodate an
increasing demand for people to meet, discuss ideas, share knowledge and learn in a collaborative way.

However, the role of mobility networks as an ‘informal meeting space’ in higher education campuses to promote
creativity has been rarely discussed anywhere and ignored by urban design research. Whenever, one meet other person while
walking on campus streets or walk in a group to certain destination, use to talk, shake hand, exchange and share ideas. On the
contrary, the campus design and research community less emphasize on this characteristic property of the campus streets.
Designing streets and pedestrian’s infrastructure considering them as a place for exchanging ideas and talks, will results in
increased creativity and productivity level of the higher education campuses.

The positive effects of increased social interaction and liveliness in open spaces have been shown elsewhere (Florida,
2002; Winden; Mehta, 2006), including more meaningful exchange of ideas, learnings and understandings, increased physical
activity and stress relieve. Much research had already been done, which relates liveliness and creativeness in physical
environments (Nov and Jones, 2003; Smith and Shalley, 2003; Jen 2014; Montuori).
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This study will frame the typical indicative issues of pedestrian streets within higher education campuses that will lead to
liveliness and what factors hinder students to use them as places to meet, hang-out or spend leisure and recreational time at
environmental level and psychological level.

This study investigated the walkability of two higher education campuses and will try to relate it with its inclusivity value.

1. LITERATUREREVIEW

2.1Whatis walkability?
Walkability is a little difficult to define and measure. A wide range of definitions for walkability have been presented in

the literature (e.g. Park, 2008; Alberta Association Canadian Institute of Planners, 2010; Southworth, 2005), however, we hav e
chosen an adaptation to Southworth’s (2005) definition to describe it:
“Walkability is the extent to which the built environment supports and encourages walking and cycling by
providing for pedestrian and cyclist comfort and safety, connecting people with varied destinations within a
reasonable amount of time and effort, and offering visual interest in journeys throughout the network”.
For the purpose of this research, we have excluded bikeability from the concept of walkability.

2.2Importance of walkability?
In addition to its significant contribution like sustainability, healthy living habits, economic and environmental benefits

(Park, 2008; Leyden, 2003; Newmen and Kenworthy, 1999), to the environment, walkability also contribute social interaction
and creative exchange of ideas and thoughts within higher education campuses.

Walkability has also been shown directly related with obesity and sedentary lifestyles (Roberts et al.,, 2012; Keating et al.,
2005; Cochrane and Davey, 2008; Owen, Leslie, 2000). Moreover, communities with high walkability rating have been
associated with increased physical activity and lower body weights (Renalds, 2010).

Streets as a place for social places for meeting, shopping, leisure has been discussed by many researchers (Stobart, 1998;
Chase. W, 2010). The relationship between lively streets: built environment and social behaviour has been also discussed
elsewhere (Mehta. V, 2006). Public spaces facilitates the exchange of ideas, friendships, goods and skills. At their best, streets
within university campus act like a self-organising public meeting and gathering services. A shared-resources to improve
people’s quality of life, social spaces from a shared open spatial resource from which experiences and value are created in
ways that are not possible in indoor environment (Mean et al., 2005).

2.3 Campus walkability?
Higher education campuses present an unique opportunity for evaluating walkability and understanding its relationship

with social interaction and creative idea exchanges, as they supports a significant large population with a comparatively small
region, and are composed of a number of facilities distributed across this region and at the same time has high pedestrian
volume.

2.4 Evaluating walkability?
There are many factors that effects the walkability of an environment, including the complexity of the path networks,

presence of buffers, presence of shade, sidewalk amenities, street scale, etc. (Jaskiewicz, 2000; Park, 2008). Quantifying the
concept of walkability is rather difficult task as its perception vary across the world with different cultural, social and
behavioural diversity and its perception may in many cases be subjective. Many attempts were done in order to quantify
walkability of an environment, starting from the early 1990’s (1000 Friends of Oregon, 1993) where the PEF: Pedestrian
Environmental Factor was developed. Extending the work, several more investigation were attempted (Saelens et. al, 2003;
Dixon, 1996, Landis et al., 2006; Boarnet et al., 2006; Day et al., 2006).

A variety of audit tools have been developed afterwards, and used in walkability studies (e.g. Clifton et al., 2007). There
are approximately 15 walkability audit tools, currently used in current world. To name a few, PEDS-2007 (Pedestrian
Environment Data Scan), SPACES-2002 (Systematic Pedestrian and Cycling Environmental Scan), Walkscore-2014,

Walkability Audit tool(Centre for Disease control, U.S.A), etc. Furthermore, time -to-time these audit tools are modified and
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developed to suit the requirements of the study, e.g. Post-secondary semantics walkability audit tool developed from CDC,
walkability audit tool

These audits are generally easy to use and practical, and have also demonstrated high reliability (e.g. Pikora et al., 2002;
Clifton, 2007), which make them useful in identifying barriers to walkability in an urban setup, and addressing them in order to
improve accessibility and integration resulting in better social and interactive environ ment.

2.5Space syntax research?
Space syntax provides aset of quantitative indices for characterizing spaces in ways that would be relevant to research a

variety of psychological responses. This would include peoples’ perception of spaciousness, stress and fear through isovist
properties (Montello, 2007). A recent research tries to establish the relation between stress level perceptions of user in an open
public space and its spatial characteristics (Kndéll, Martin; Li, Yang; Neuheuser, Katrin; Rudolph -cleff, Annette; 2015). There
are some other researchers also, who established the relationship between spatial configuration of a space and physical &
behavioural characteristics of human in terms of interestingness, activeness, stress, beauty, etc. (Benedikt, 1979; Franz &
Wiener, 2008; Batty, 2001; Osmond, 2011) through linking users’ data to isovist properties of the space.

Similarly, some researches applied space syntax theory and tools to analyse the accessibility of space and street through
visual & convex and axial analysis (Hanson & Hiller 1984, 2004; Heitor T. et al.,2013; Kawatolski, Heitor, T, et al). Linked
the universal design principle to space syntax tool through axial analysis and VG Analysis, HH integration (HH- Hanson and
Hiller).

Very few research also relate space syntaxtools to walkability index of commercial spaces and environmental perception
(Ozer O.etal; Long L. et al.; Choi E. et al.). Higher education campuses having different land use mix are never been explored
in space syntax researches. Similarly, the subjective environmental qualities which affect the interaction level of a

neighbourhood also not been exp lored much and not be seen together with street walkability.

I1l. RESEARCH QUESTIONS
Is walkability a suitable indicator for social interaction and a measure of creativity in university campuses?

IV. RESEARCH METHO DOLOGY

4.1 Study Area
The Study were conducted on the two campuses of Technische Universitdt Darmstadt; Stadtmitte and Lichtwiese

Campus. The selection were based on its status of Higher Education University or. Institution (Premium or Institution of
National Importance) and the convenience of the author.

4.2Target group
Target group of this study were students of both campuses as they are the sole and largest population share. Secondly,

they are the ones who walks to commute within the campus. 3 expert auditor, with architectural and urban planning
background having good understanding walkability were selected for auditing. In addition, agroup of 15 student volunteer
members, from varying ethnicity and cultural background were selected to perform walkability audit in order to minimise the
biasedness. They were also inducted, before performing the audit.
4.3Data types, Sources and Collection tools

Quantitative data will be collected through walkability audit.

Table 1: Data types, Sources and Collection tools

Data Type Tool Purpose(s) Required aids Remarks
Quantitative Walkability Audit: To assess the walkability of Online database +audit | Audit tool is a modified
On site(Expert mobility networks by expert tools version of the CDC’s
Audit-3, Volunteer auditors (3 expert auditors) walkability tool.
Audit- 15)
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Space Syntax To assess the campus Digital drawing file To get Integration data
Analysis topologically/ syntactically. (.dxf) of campuses, MS (numeric) value of
Excel 2013 street segments.

4.4 Experimental Audit tool (Developed from CDC’s Walkability tool)

Walkability has been defined as an intangible concept and its conceptual definition limits it accurate and concrete
measurement. In order to conduct empirical research, walkability needs to be quantified into more tangible and measurable
components. These components were used as proxies to objectify the walkability to address research questions (Park, 2008).

The important indicators to consider are environmental and the perceptions and behaviours of pedestrians. However, due to
limited of this research study, we chose to focus on environmental component of walkability. Through literature study, we cho se
to further modify CDC’s walkability audit tool (from Postsecondary education campus walkability semantic differential
assessment instrument; Horacek et al. 2012) by adding one more parameter i.e. cleanliness. A handy/mobile walkability audit tool
with an online database was developed and the data were collected. The collected data was stored into a ‘Microsoft Excel’ format
and was analysed to determine the walkability score with the defined formula of weighted mean. The audit suggests using
assessments of 3 expert auditors and 14 volunteer auditors.

The major characteristics the audit tool assesses include: safety, path quality, and path temperature comfort. The component
of the safety subscale include pedestrian facility, crosswalk quality, pedestrian-vehicle conflicts, and night-time usages and safety.
Pedestrian facilities investigate about the sidewalks presence and its location with reference the road. Crosswalk quality examines
if a crosswalk is located at an intersection with appropriate walk signals and traffic control indicators, such as stop sign, zebra
crossing, etc. Pedestrian/motor vehicle conflicts takes account of the traffic volume and examine the potential of conflict between
them. Night-time safety feature accounts for emergency call boxes and other night features which would aid in the safety of the
pedestrians. The component of the path quality subscale include path maintenance, path size, buffer zone, accessibility for
mobility impaired, terrains and aesthetics. Path maintenance examines the presence of tripping hazards and overall maintenance.
Path size assess the width of path. Buffer zone considers the space between the pedestrian path and-the road. Accessibility for
mobility impaired consist of the features which would allow access for the person with mobility impairment. Terrain measures
examines whether or not a path is easily walkable, walking surface are smooth and flat or it requires some effort to walk on.
Aesthetics considers whether the view or the visual perception of the path is pleasing to eyes or not. Shade is the criteria for the
path temperature. Shade provides protection from the sun’s heat, lowers temperature, protects from shower and allow a slightly
favourable conditions to walk.

Each item was scored on a Likert’s scale of 1 to 5. Guidelines set for scoring are mentioned below. A score of 1 is an
indicator, that a path segment does not support a particular walking feature and may be dangerous to pedestrians. A score of 5
indicates that a path segment is most supportive of that particular walking and is safe for pedestrians.

Weightage given to high priority sub-score is 3.

High Priority Sub-score = (Pedestrian facilities + P-V conflicts + Crosswalk quality + Accessibility for mobility

impaired) X 3

Weightage given to medium priority sub-score is 2.

Medium Priority Sub- Score= (Maintenance + path size + Buffer + Bikieability + Terrain + Aesthetic + Cleanliness +

Shade) X 2

Overall walkability score= Average of high and medium priority sub-score of all walkability components.
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4.5Sampling of street sequences
A street sequence per campus had been chosen for the audit, based on certain well defined criteria (refer appendix A.1)

evolved from the observational study of students’ movement pattern within higher education campus. Finally, the whole street
sequence is divided into 5 segments and their individual walkability score is determined. The overall walkability score of the
campus is assumed to be the simple average of all the segments.

4.6 Proceedings
A walkability audit of the selected street sequences was done, first by three expert auditor with architectural and

transportation expertise followed by a group of 15 student volunteer belonging from different cultural and academic
background with a little induction. Later, a comparison was done to check the inter-reliability of auditors.

In parallel, space syntax axial analysis was performed using Depthmap X application software. The value of HH (Hillier
and Hanson)—integration at radius R-1200 of the selected street sequence was taken-out and compared with walkability score
of those street segment. To understand the trend of integration values the street segment is divided further into more fractions.

Finally, a correlation study was done between the average walkability score of each segments and the HH-integration
value (R1200). If the correlation coefficient is greater than 0.75 with a value of confidence interval of 95%, advocate that, there
is a strong relationship between walkability and street integration, which further prove its strong relation with social interaction
and creative idea exchange.

4.7Scope and limitation
1. The study focus on higher education campuses only.

2. ltis first hand exp lorative study and based on data gained fromtwo higher education campuses only.
3. Walkability is done only on the sampled street sequence, which is assumed to be the representative of the whole campus.

All the street of the campus is not audited.

IV. RESULTS
The individual scores of 13 individual components of walkability for Stadtmitte and Lichtwiese campus at TU Darmstadt

are detailed under the following tables.

Table 2: Walkability Score of Stadtmitte Campus, TU Darmstadt

Factors Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 Campus
Exp. | Vol Exp. | Vol. (14) Exp. Vol. Exp. Vol Exp.(3) | Vol
@) a4 © @) a“ © (14) 14)
Pedestrian 4.0 4.9 4.0 4.5 5.0 5.0 5.0 5.0 5.0 5.0 4.7
Facilities (H)
P-V conflicts (H) | 4.3 4.5 4.7 4.1 5.0 5.0 5.0 4.3 4.0 3.9 4.5
Crosswalk 5.0 4.8 4.0 4.7 5.0 5.0 5.0 5.0 5.0 5.0 4.8
quality (H)
Night-time safety = 4.0 3.1 4.0 3.6 5.0 4.3 4.0 4.0 4.7 4.2 4.1
(M)
Maintenance (M) @ 4.3 4.2 4.0 4.1 4.7 4.3 4.0 4.0 4.0 4.0 4.2
Path Size (M) 4.7 4.9 4.7 4.8 5.0 5.0 5.0 5.0 4.7 4.9 4.9
Buffer (M) 3.7 4.6 3.7 3.8 5.0 5.0 5.0 5.0 4.3 4.1 4.4
Accessibility (H) = 4.7 4.6 4.0 4.0 4.3 4.2 5.0 4.5 3.7 3.5 4.2
Bikeability (M) 4.0 4.0 3.7 3.9 4.0 4.0 4.7 4.1 4.0 4.0 4.0
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Terrain (M) 4.7 4.6 4.0 4.1 5.0 5.0 5.0 4.1 4.0 4.0 4.4
Aesthetics (M) 4.7 4.9 3.7 3.7 4.7 4.1 4.3 4.1 4.0 3.7 4.2
Cleanliness (M) | 4.3 4.1 4.3 4.1 4.0 4.3 4.3 4.1 3.7 3.8 4.1
Shade (M) 4.3 41 3.7 31 2.7 2.8 3.7 3.5 3.0 3.0 3.4
High Importance @ 18.0 18.7 16.7 17.3 19.3 19.2 20.0 18.8 17.7 17.4 18.3
Medium 386 | 385 356 | 3.2 40.0 38.7 400 378 36.3 35.7 37.6
Importance

Total Score 131.2 ' 1331 | 121.3 | 1224 138.0 135.1 | 140.0 4 132.0 | 125.6 123.6 | 130.2
Segment 8749  88.74 | 80.84 | 81.59 91.97 90.04 9331 | 87.99 83.73 8243 | 8681
Walkability

Expert: 87.47 Volunteers 86.16

Owerall 86.81 86.81
Walkability

Table 3: Walkability Score of Lichtwiese Campus, TU Darmstadt

Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 Campus
Factors Exp. | Vol BExp. (3) ol (14) BExp.(3) Vol Exp. | Vol Exp. | Vol

®) 14) a4 © (DR C)) (14)
Pedestrian 4.3 4.0 3.7 4.3 5 5 4.3 4.0 43 4.1 4.3
Facilities (H)
P-V conflicts (H) = 4.3 4.7 5 5 5 5 4 4.1 47 5.0 4.7
Crosswalk quality = 4.3 5.0 5 5 5 5 4.3 4.4 5.0 5.0 4.8
(H)
Night-time safety 3.3 3.4 4.0 4.0 4.7 4.9 4.0 3.7 2.3 2.1 3.6
(M)
Maintenance (M) @ 3.3 3.6 4.0 3.3 4.7 5.0 4.3 4.1 3.3 4.0 4.0
Path Size (M) 4.7 4.9 4.7 4.9 5.0 5.0 4.7 4.9 4.7 4.9 4.8
Buffer (M) 4.7 4.6 5.0 5.0 5.0 5.0 4.3 4.1 4.7 4.7 4.7
Accessibility (H) | 3.0 3.3 3.3 3.9 4.7 5.0 4.3 4.3 4.0 4.0 4.0
Bikeability (M) 4.0 3.9 3.3 3.9 4.0 4.0 4.0 4.1 4.0 4.0 3.9
Terrain (M) 4.0 4.0 4.0 4.0 5.0 5.0 4.3 4.6 4.0 4.4 4.3
Aesthetics (M) 4.7 4.6 3.7 3.0 4.0 4.0 3.7 3.1 3.7 4.0 3.8
Cleanliness (M) 3.3 3.0 3.0 3.0 4.0 4.6 4.0 3.9 3.7 3.7 3.6
Shade (M) 4.0 4.1 3.0 3.0 30 3.0 33 31 4.0 39 34
High Importance | 15.9 17.0 17.0 18.2 19.7 20.0 16.9 16.8 18.0 18.1 17.8
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Medium 36.0 36.0 34.7 34.0 39.3 404 36.6 35.7 34.3 35.7 36.3
Importance
Total Score 119.6 = 122.8 @ 120.4 122.4 137.6 140.8 1241 1217 | 122.6 @ 125.6 | 125.8
Segment 79.76 | 81.89 | 80.26 81.61 91.75 9389 8271 | 81.13  81.73 | 83.75  83.85
Walkability

Expert: 83.24 Vol. 84.45

Owrall 83.85 83.85
Walkability

Table 4: Comparison between HH-Integration values and Walkability score of individual segments

Segment Average Integration Walkability Score Average Integration Value Walkability Score
Value (R 1200)
(R 1200) LW, TUD
SM, TUD

Segment 1 0.796 88.12 0.3595 80.83
Segment 2 0.7625 81.21 0.4801 80.93
Segment 3 0.4804 91.01 0.5466 92.82
Segment 4 0.4832 90.95 0.4479 81.92
Segment 5 0.5255 83.08 0.2007 82.74

Note: See Appendix A2 for HH-integration map.

Trenline Chart- Stadtmitte Campus, TU Stadmitte
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Trendline Chart- Lichtwiese Campus, TU

Darmstadt
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V. DISCUSSION
This study found that almost every street of both the campuses of the TU Darmstadt, are pretty much walkable, having a

walkability score more than 80. Stadtmitte campus has a walkability score of 86.81/100 and Lichtwiese campus has 83.35/100.
Further, the walkability score follow a random distribution in both campuses and showed as bell-shaped curve. In contrast, the
values of HH-integration values at R1200 (generated with Depthmap X application software), showed variation in the two
campuses. The variation is supposed to be caused by the location of respective campuses in the wider street network of the city.
Since, the Stadtmitte campus is located at the city centre and is highly integrated with city spaces as compared to the
Lichtwiese campus, which is located at the periphery of the city and slightly less integrated to the city. Due to high integration
with the surrounding, Stadtmitte campus has high HH-integration value at its periphery.

However, the correlation between the walkability score and HH integration (R1200) values of the 5 five segments
(selected street sequence) is approximately 0.5 (moderately correlated) , which is not sufficient to establish any relation
between them.

In general, the integration value of the starts with comparatively lower value at the periphery and increases slightly up at
the central zone and further end with relatively lower value at the periphery. Streets and zones with higher HH-integration
value (R1200) suggests high integration and connection with respect to the rest of the campus and supposed to have high foot
fall and pedestrians. High volume of pedestrian having similar academic background, interests, and familiarity increases the
potential of social interaction and creative exchange. Increasing the walkability a step more, by introducing the lacking

pedestrian facilities, will certainly increase the social interaction level. Thus, results in higher creative environment.

V1. CONCLUSIONS
This study has assessed the walkability of mobility networks of the two campuses of TU Darmstadt, i.e. Stadtmitte and

Lichtwiese campus in order to relate walkability as an indicator on informal creative space within the higher education
campuses. A sampled street sequence, one fromeach campus is audited by 3 expert auditors and 14 student volunteers and then
compared with HH-integration (R1200) of the axial analysis of the respective campus. The analysis shows 0.5 correlation
between both the data and suggest moderate correlation. However, the study was done on only two campuses and was
explorative in nature. Deducing any strong conclusions at this moment is not suggested and reliable. More in-depth study with

inclusion of different campus typologies are needed to get any sound result.
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APPENDICES

Appendix Al: Street sequence Sampling Criteria
Selection criteria for sampling of streets for assessment.

1. Streets are selected so to forma continuous sequence (non-repeating) of pedestrian streets with start point and end point
falling either in residential zone or transit zone running from periphery to central area and further ends at periphery
again. Highest preference for the start point and end point will be given to residential zone and transit zone respectively.

2. The sequences should be made in such a way that it cover all the described zones in a definite order i.e. movement pattern
of a typical undergraduate student.

Typical order:
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3. The connection points within the intermediate zones should be chosen such that the corresponding segments length should
be comparable among campuses. To achieve a comparable scale slight change (interchange) in order is acceptable but as
a last option.

4. One sequence per campus is desirable for assessment in this dissertation. However, those selections would done by
comparing all possible options, satisfying the above mention criteria. In the case of two very approximate sequences
preference will be given to the sequence serving more space typology (1°) or more in length (2"9).

Appendix A2:
Axial Analysis map
(HH-integration at
R1200)

Stadtmitte Campus, TU Darmstadt Lichtwiese Campus, TU Darmstadt
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