Case Study
Goal-based Key Performance Indicators of Science Bea' Effectiveness: A Case
Study at Riyadh Techno-Valley

Abstract: Science and Technology Parks (S&TP) play an impbrtale in creating a supportive eco-
system to build innovation, developing new busiess$ransferring of technologies, establishingttigh
collaboration with the industry and positively ingiag the growth of knowledge economy. To
successfully manage this eco-system and detertsirsgghificance a well-defined evaluation system is
needed to continually assess the performance ofPS&T this paper, a procedure for measuring the
effectiveness of Riyadh Techno Valley (RTV) usinget of comprehensive and well known multi-
criterion performance indicators has been descrifdte performance indicators are assessed in
relation to the goals of RTV by estimating its oml achievement values and compared to actual
performance to determine the gaps and recommena@jgte improvement. Due to uncertainty in
human experts' judgment psychometric fuzzy scale lestablished to measure the actual against the
optimal overall performance.

Keywords: Science Park; Multi-Criterion Decision AnalysMultiple Goal-Based Analysis; Fuzzy
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1 Introduction
The science parks have a critical role in develaptnoé technology and are able to make economic
growth of the countries [1]. Taking this fact seisty, the United States was a pioneer in a knovdedg
based economy in the 1950s through establishingsilimon Valley in California, and the Research
Triangle Park (RTP) located in North Carolina. Thst person to have used the expression of
"knowledge-based economy" was Peter F. Druckerignbbok The Effective Executive [2]. In this
book, Drucker distinguished between hand laborlarwvledge labor. However, this categorization of
hand labor and knowledge labor is somewhat unfatesall kinds of work involve the intellect. A
knowledge-based economy is a knowledge-driven onehich the production of and investment in
knowledge plays a major role in generating wealtbquiring knowledge doesn’t necessarily means
achieving progress in the knowledge based econamigss it links to initiatives that can be executed
in a proper way according to well-known criteria, addition to healthy management process that
allows monitoring the execution progress so itsfars this knowledge into valuable products.

In order to understand the value of the Knowledgsdsl Economy (KBE) and its contribution to the
national's economy, the system knowledge needsetdobked at first to determine the main
components of KBE. Successfully realized KBE regpiieffective knowledge management (KM).
Managing system knowledge is related to the meshandf creating, storing, sharing, and
disseminating knowledge. By the mid-1990s, KM atities were flourishing because of the wide
spread of the Internet.

KM is related directly to the effectiveness withiathmanaging the knowledge enables members of the
organization to deal with today's situations arfdaively envision and create their future [3]. dusd

KM depends on its effective distribution and notyoon its efficient production. Therefore, effedativ
KM requires successful collaborative platform stggés that provide value for users by improving
knowledge sharing. This can be done through seaimeless network that has the advantages of
flexibility, mobility, easy administration, redugrthe information-related risk, and support of sggu

[4].

A knowledge society is an indication of the abildf/society to produce and use of knowledge as
well as sharing of knowledge using the proper tetdgy [5]. Networks encourage sharing of
knowledge and play an important role for bringimgpadvation-specific resources and expertise for



entrepreneurial teams to create new opportunitds gnd [7]. Stakeholders such as government
agencies, universities, science parks, suppliedscampetitors have a great influence on innovation
[8]. In addition, partnership between industry amdversities has been considered in many courdses
part of national policies to strengthen innovatibtost innovative firms, around 90%, had formal Bnk
with universities according to study done by Wikam, Lawson, Keeble, Lawton-Smith, & Moore [9].
Additionally, a significant relationship was fourmktween the introduction of new products and
university networking [10]. Hence, collaboration @mg universities and industries as well as
government agencies, science parks and investdiglidy recommended for successful innovative
products. In order to benefit from the innovatidghough creating or enhancing the characteristics o
associated products at science parks, investod teebe encouraged for spending enough funds for
the development. This can be done by providingirapirtnership model that intends to identify the
role, right, and responsibility of each party asafbed in [11], in addition to providing a good
incentive program to attract the Venture CapitaCjW¥und to support the project development.

As a premise for assessing the organizational Kapability and performance, there are methods
used worldwide to determine the organization's irees not only to implement KM, but also its
readiness to be truly a knowledge-based, knowledigeen organization. However, this method
focuses on the descriptive question/answer apprtwadbtermine the gap, which can't be quantified to
measure the organization performance. There is aotfeghod used by the World Bank to assess the
knowledge which is known as "Knowledge Assessmeathiddology (KAM)", by Worldbank [12].
This method includes 109 parameters which can bd ts assess the core of knowledge. There is no
correlation among the different parameters usethig assessment so we can measure properly the
overall performance indicator for a particular oati These parameters used for measuring the
effectiveness are grouped in 8 elements. These eelismare economic performance, system of
economy, government, innovation system, educatiogrstesn, workers, equal employment
opportunities, and ICT. Evaluation of these paramgeis subjective and is based sometime on absolute
values, or relative values. In order to completeahsessment of a particular country, the KAM nettho
requires covering the 109 parameters, where marightas have to be considered. The World Bank
had also reduced the grouping to six which are Kadge Economy Index, Knowledge Index,
Economic Incentive, Innovation, Human capital, #8d. An analytical method that is based on how
the probability of the knowledge factors can octum certain environment has been suggested to
quantify the performance of certain organizatioB][IThis new method would allow managers to
evaluate the performance of knowledge based ecomdrdifferent nations or organizations and assist
them in identifying problems and guide them on hioylan for improvement.

In this paper, the key performance indicators (KRdve been identified to align with th&' 4
generation science parks where they are groupeatding to four functions that are R&D, Business,
Management, and Infrastructure. These KPIs arecigsd with the main components or activities of
these groups. These KPIs are linked to the goals 8tience Park, where the optimum values are
defined. Then an estimation of the value of ceragience Park would be estimated according to
survey form given to few experts and then the ayenaeight of the PKIs is determined. This will
allow managers to compare the result of the sutwdlie optimum value in order to determine the gap
and therefore the recommendation for improvememtithde described in the following sections.

2 Establishing eco-System at RTV

RTV Research and Business Development departmeitnisig to develop an eco-system for the
knowledge based economy at King Saud Universigllgthases that deals with the creation, transfer,
dissemination and utilization of knowledge, andntiheonitoring the knowledge management. Section
2.1 describes the main goals of RTV in order talglith a 4 generation science park. The realization
of this eco-system would allow the transfer anditaalof technology to RTV and the Kingdom of
Saudi Arabia towards creating useful products fdnieving a strong knowledge based economy as
shown in Figure 1. This eco-system would have aatgeffect on innovation once a proper



collaboration between KSU University research depants and private as well as public local and
international R&D sectors, has been establishednagmbged by a RTV. Section 2.2 describes how to
optimally manage the phases of knowledge creatissechination, and utilization, by having effective
collaboration and partnership programs between Kdearchers, national and international
companies and universities, as well as government dund institutions. In addition,
innovation/knowledge economy eco-system would habéished through building a smart city for
attracting R&D companies to invest at RTV. Furtherey dissemination of knowledge through events
would allow sharing of knowledge and educating aesigers and society. The eco-system that has been
established at RTV involves the integration ofR&D units at the university along with collaboratio
and partnership with private and public sectorrigieo to support the innovation toward creating ulsef
products. Furthermore, an effective KBE requirgsa@per monitoring and auditing process to measure
the performance of organizations as describeddtise3, which is the main focus and contributidn o
this article. Following the monitoring of sciencark performance, a gap analysis would identify the
difficulties and obstacles in reaching its goald ahen suggesting improvement for fixing and
illuminating these obstacles as will be describeddction 4.

2.1 Goals of RTV (to be a # Generation Science Park)
The following main goals of RTV have been identifes followshttp://www.rtv.com.sa[14]:

1. Transfer and Habitat of technology for sustainalgeelopment.

2. Strengtheningthe collaboration with national and internationaliversities and research
centers.

3. Providingexcellent environment to attract R&D companies.

4. Providingopportunity to attract creative and innovative perto work at RTV.

2.2 Creation, dissemination and utilization of Knowledg at RTV
In the following subsections, knowledge creatiofl aé covered as well as sharing and utilization
of knowledge.

2.2.1 Knowledge Creation

The education and R&D system play an important imlealizing the KBE. In order to maximize
the knowledge creation, the academic system shuaNeé a high standard level that is related to the
core based education and strong publication. litiadda good education system would contribute to
the creation of new ideas that leads to innovatitime transfer of technology from the academic
systems and early stage of innovation can be faigll through the help and support of incubatong. T
role of incubators would also support marketinghaf successful innovations that can be evolved into
products with the help of industries, venture ajgts, government's seed funds and through startup
companies or licensing. All these efforts would énavbetter chance for success through government
support that has favoring procedures and regulgitibhis integrated system is depicted in Figure 2.

A good innovation environment and suitable cultiogether with business oriented incubators that
support of entrepreneurship would assist in tealgoltransfer. Science parks on the other hand with
complete infrastructure, good incentives, and p@r@rocedure for creating partnership with locad a
international companies, and proper managementdyaaly important role in creating a strong KBE.
Moreover, diversification of sources of funding thational Innovation System, diversifying the
sources of financial support, as well as improuing regulations and legislations would increase the
chance of successful knowledge businesses creatidstrong KBE.

2.2.2  Sharing and utilization of Knowledge



Sharing of knowledge and learning from other natidrest practices would avoid making common
mistakes. Based on other ST's best practices artdier to provide the best environment for the
transfer and habitat of technologies towards aéhgean eco-system that is relevant for the creation
and establishment of new technologies at Riyadmi@d/alley and the Kingdom of Saudi Arabia
(KSA), the following initiatives associated with fidirent collaboration programs are being
implemented:

» Strengthen the relationship with leading compange®stablish R&D centers at RTV and
develop joint research projects with KSU researsher

» Attract leading companies to have partnership amdstment with RTV.

* Collaborate with established service and infrastmeccompanies at RTV to provide the best
solution, support the knowledge transfer, and stpihe R&D projects in collaboration with
KSU researchers.

» Collaborate with KSA organizations which suppomt fR&D in the domain of ICT, Energy
and other important applications to support prgjegonsored by RTV.

» Collaborate with KSA universities to attract R&Dojgcts to transfer of technology to RTV.

» Disseminating and sharing of knowledge as wellukling a good network through hosting
variety of workshop and conference events in reledamains to RTV.

» Establishing smart innovation centers to providarsmsolutions to the kingdom.

»  Sharing of knowledge and experience with the conityamd developing solution for
interactive environment.

3 Literature review on science parks’ effectiveness evaluation

The survey of literature on the assessment of seiparks' performance is presented in this section.
In spite of being few numbers of science parkshi world, mainly and obviously distributed in the
industrially developed nations, it has been indidahat there is a significant issue to the jusdifon
of fund allocated to the science parks. The isswdso significant toward guiding in the realizatiaf
the science parks intended effectiveness and asnigimprovement. Some few attempts have been
recorded below.

Guy, Ken [15] presented a comprehensive reportHerscience parks evaluation guidelines for
evaluators and promoters participating in the smepark evaluation scheme. The report suggests
approaches and checklists of potential use to atuation rather than rules and rigid procedures for
carrying them out. A purely subjective evaluatidirmopoli and the Otaniemi Science Park Cluster in
Finland, only indicating the methodology and adfethe criteria has been presented by Koh, F., Koh,
W. & Tschang [16]. They proposed an analytical fesmrark to examine the gestation, evolution and
sustainability of science parks and related to éeoaegional phenomena such as technology districts
The framework implicitly involved several usefuliexece parks success evaluation criteria that could
be generally considered to assess science park®rpance. The main growth mechanisms they
identified were government-led infrastructure psimn, agglomeration effects and continual self-
renewal through the creation of new businesses!sKsilidy was fully subjective lacking objectively
numerical assessment and didn't present justiéisdlts. Chena & Huang [17] pointed out that littses
been done in discussing the selection strategyighf-tech industries to locate in such a park. They
adopted the widely utilized Analytical HierarchyoRess (AHP) [18] and [19] method to evaluate the
high-tech industries to be selected in order tatedn the science park, according to multipleeciat
Their analysis resulted in seven evaluation caterith one, the “market potential” having the higst
weight, followed by “technology level” and “govament policy”.

Chan & Lau [20] introduced an assessment framewbt&chnology incubators in the science park.
Based on the past studies, nine sets of criterige waentified and incorporated in the assessment
framework. Using business development data of ethriology start-ups in the Hong Kong Science
Park, they applied the framework to examine thedatifeness of incubators from the perspective of
venture creation and development process. In fhet,proposed evaluation framework was mainly
subjective, where the tenant firms ranked the iatats using linguistic values like: “Low”, Medium,
etc. the framework does not considered the diffgsrin relevance or importance of evaluation dater
with respect to each different tenant. Moreovee, phoposed procedure, doesn't quantify neither the



criteria importance nor their achievement levelks€ly relevant to this research article is the kwor
done by Bigliardia, Dormiob, Nosellac, & Petrond]. Their presented work was aimed at providing
a sound and theory-grounded methodological framewmiscience parks performance measurement,
in form of a subjective conceptual model and someetral suggestions useful for the design and the
implementation of a Science Park’s (SPs) performan@luation. Bigliardia’s major results were that
the evaluation criteria should be aligned with scee park actual mission, major stakeholders
commitment, economic regional conditions, legalnfsy nature of the scientific competence base
available within research centers and SP’s lifdeystages. However their proposed assessment
methodology can be viewed as a conceptually subgeessessment model, which lacks objectively
numerical assessment. Another MCDM science papktication is the Chen, Wu, & Lin [22] work
which addressed the selection of high-tech indalstiims to join the science park by considering th
selection of firms with better efficiency and/orogith potential in specific high-tech industriesgiet

into the science parks with limited space availghilThey applied the Data Envelopment Analysis
(DEA), a multiple inputs—multiple outputs evaluatiomethod, to analyze the comparative
performances of the six high-tech industries cutyasteveloped at Taiwan’s Hsinchu Science Park.

Monck & Peters [23] discussed the benefits and Iprob associated with the evaluation of science
and technology parks as member of the IASP (Intemmal Association of Science Parks) to propose a
structured approach to impact measurement andssmssas They introduced an assessment method
that contains details and an overall evaluatiomain inputs and outputs to the science parks, laad t
activities. It connects the impacts of the sciepagk to the analysis of the challenges and probliéms
confronts. The model provides detailed informataout evaluating the final impact of the science
park. However, it has a short-coming by focusingt@inputs and outputs, but ignoring the impaéts o
many functions and activities of the science padiuding factors and their relative importance with
respect to the success of the science park. Thaliedpsuch theoretical impact evaluation framework
to a specific case Tamar Science Park, at UK.

Implicitly related to the science park evaluatiom anulti-criterion issue is the work done by Lin &
Tzeng [24]who differentiated among the decisive factors eiifgcenterprises in choosing the right
places for production, R&D and marketing. They alsnoduced a proposed development strategies
and operation models for the authorities of scig@ehnology) park to advance the parks’ value.yThe
compared various industrial clusters using the DHMA (Decision Making Trial and Evaluation
Laboratory) technique, where DEMATEL technique $&d to determine the relationship between the
evaluation criteria and to establish industrialustures. Four aspects were considered: human
resources, technology resources, investing enviemtsnand market development. These aspects
encompass 28 evaluation criteria to determine stebéishment attributes of clusters. Two well-known
industrial cluster parks, the Neihu technology parki the Hsinchu science park as example where
they are both in Northern Taiwan, were consideredase studies for the project. Another example
related to the evaluation of the science park &ffecess is the work performed by Ratinho &
Henriques [25] who analyzed the population of tletl®yuese SPs and business incubators (BIS) in
promoting economic growth using case studies. Eambre, they searched for the success factors of
Portuguese SPs and Bls. Their study suggested &snodntribution of SPs and Bls to economic
growth in Portugal. Moreover, our findings confitmiversity links and suitability of management to
be critical to an SP or Bl success in this conveggiconomy.

Justyna [26] gave a general overview of the liteatssociated with the evaluation of science and
technology parks, and summarized outcomes of thekshop on science parks' success held in
Manchester in 2010. She proposed a matrix of kefopeance indicators or so called science parks'
performance measurement system. The matrix of kefopnance indicators has been divided into
four main categories: commercial, stakeholder pathpe, brand and reputation and internal business
processes. Under each category, several relevantities indicators were proposed. However, inespit
the proposed matrix was quantitative, still, Juatymad not treated how to adjust the relevant
importance of each indicator, and still does notega conclusion for how to aggregate the values of
such indicators to make the finally overall evaloatcomment. Sun [273dnalyzed the efficiency and
productivity growth of six industries in Taiwan HsChu Industrial Science Park for the period 2000—
2006. They utilized the Data envelopment Analysistiod and Malmquist Productivity index to
analyze the efficiency and productivity of the shdustries. From the results, they stated that
industrialists should not only enhance their managskills but also increase and improve innovativ
performance. Nahavandi, Eslami, Nosratabadi, Alalmast: Pourdarab [1lpresented a Fuzzy Expert
System (FES) as Intelligent Systems to evaluatsdhence and technology parks. They stated that one
of the problems for evaluating Science and Tectmofarks is to have the high number of criteria and
science parks which AHP method and some otheriddrterion decision making (MCDM) methods



have evaluated parks are not suitable practicdlhey developed a set of decision rules to rate the
score of the science parts under different settigd values of a group of influencing criteria.
Wenhong et al. [29] considered the problem of eatahg the regional risk and safety conditions of
industrial parks. They applied Kappa statisticahlgsis to evaluate the consistency analysis of the
industrial park system setting of regional riskireation, and the expert's assignment of safety
conditions situation. They concluded that Kappgistta and weighted Kappa statistic not only can be
used to inspect the consistency of ordered anddened variable data, but also can give a magnitude
which reflects the consistency. Bai et al. [30]leated the performance of national High-Tech Zones
(HTZs) in China after the financial crisis. Theyimed out that, unlike previous case studies or
comparative analyses, they employed the Dynamiavdiét Slack-based (DNSB) Measurement to
open the “black box” and examine the HTZs as a eoraud network. Their evaluation indicated that
the, first, efficiencies of both production sectarsl R&D sectors are low in most Hi-tech zonestlypar
because the links between them are weak and ttas fare inappropriate; second, the total factor
productivity of the production sectors mainly deggron technical efficiency improvement, while
R&D sectors hinge on technology progress. On theerohand,Albahari et al. [31] addressed the
Science and Technology Parks' (STPs) heterogerssitye. they pointed out that this issue has been
mainly disregarded in past studies. They aimed malyae the influence of different STP's
characteristics on tenants' performance. They aelledata on 849 firms and 25 STPs, respectively
from the 2009 Community Innovation Survey for Spaihe results of the analysis of the conducted
survey indicated that STPs show good innovativdopeiance, the dimension of STPs and their
management size positively affect the innovativdquenance of tenants, and tenants benefit more by
being in STPs as they support local developmerityoaistrument. However, STPs performance could
be improved when there is no discrimination in fimgdprojects, and increasing STP’s size would
benefit tenants more as there will be more optitmschoose appropriate location for them.
Furthermore, Jeroen Ringlever [32] assessed severichh technology parks on fulfilling the
requirements and definition of technology parks.ddsed his study on the assumption that in Mexico
there was a lack of experiences about the implestient of international standards and best practices
of Technology Parks. In order to provide informatabout the international standards and the rebiona
impacts of technological parks in the Mexico, hedwcted seven research questions, and empirical
data about seven technology parks were collectiee.fifdings of the study indicated that some of the
seven parks fulfill the international definition thfe technology parks, while some fewer numberato n
fulfill the definition, as they do not transfer kmledge. His conclusion was that most of the teabmyl
parks are not sustainable themselves and are neersng their (potential) tenants on eco
efficiency/innovation yet. He also concluded thatrently the measurement method of the park
performance is not oriented to check the progresstds meeting the goals of the technology parks,
where the international criteria of technology gaakd the impact measurement are not used. kas cl
from this literature review that evaluation of STiBdacking proper assessment in terms of assessing
STP’s performance in relation to its goal, whelie thsue has been addressed in this paper.

4 Measuring the effectiveness of Science Park usingaj-based
performance indicators

In this paper, in order to assess the performaicéhe science park in realizing the aspects of
knowledge based Economy, a quantitative assessmetitodology has been used to evaluate the
outcome which will be based on identified Key Parfance Indicators (KPI) that are related to
realizing the Knowledge Based Economy (KBE). Toi@eh a sustainable nation’s knowledge based
economy, a 2 generation science park is the key role playerdstablishing an eco-system that
supports innovation and entrepreneurship. The rhaintionality for these science parks is grouped
into four categories as shown in Figure 3.

These categories are: infrastructure, R&D, Businessl Management. The four categories are
interrelated. The component infrastructure is nemgsto support the other three components/aetsviti
for establishing attractive environment. Also, @per management is needed for creating a robust
R&D strategy and successful business environmeimée dutcome of R&D affects and derives the
opportunity for creating successful business. Thmmonents associated with each category/function



can comprise the good relevant sub-indicators femsuring the effectiveness of science parks as
described in Table 1. The fourth column of Tabjgrdsents examples of component sub-indicators that
are associated with the four categories/functioisted at RTV.

The first group of key performance indicators (KRbich is associated with R&D consists of the
availability and technological level of high edtion institutes, the existence of public R&D at
science parks, the existence of private R&D atreaeparks, the collaboration activities with other
national and international R&D, and the existentcgohnology commercialization. These KPIs can be
used to check the capability of having the requirseful knowledge, where KP1=100% means a nation
would have all the required knowledge factors tiddbits knowledge economy. The second KPI group
is the ability to invest through effectively implenting the function of Business. This group whish i
associated with Business includes the followingidatbrs; ability to support entrepreneurship,
availability and support of Incubators, funding éwation through Venture Capital program, and the
availability and effectiveness of the business weking program. The third KPI group which is
associated with management provides a good inditain how to manage innovation and how to
maintain the success for managing the science neadurces. This includes the following indicators;
support of training programs, availability of firdal aid, mechanism of marketing, availability of
leased land and office for rent, globalization a&gh, existence of internal policy and procedure as
well as national policy, and the coordination okmlets. The fourth and important key performance
indicators group which is associated with infrastuwe which plays a very critical role for providin
the relevant environment for science parks in otdesupport a healthy execution and effective eco-
system of the other functions listed in Table lisTburth group includes the following indicatotbe
allocation and land use, the R&D facilities, thesibess facilities, the management facilities, the
availability of housing for tenant's employees, dnel type of ICT infrastructure. The components or
sub-indicators associated with each of the maim fanctions listed in Table 1 are abbreviated as
shown in column 2 of this table. The fourth coluofriTable 1 presents examples of what programs or
projects associated with different components m@émented at RTV.

In order to analyze the performance of science markelation to the functionalities and their
associated component that should be existed atyeseience park, first the correlation and
dependencies among these functions and assoc@atgaboents should be identified and then a proper
method for measuring the KPIs should be devisedasd be explained in later in this section. Figure
4 illustrates the four major functions df generation Science Park, their components or isdisdtors
and the correlation and dependencies among theesseis shown in this figure the Infrastructure
function and its components form the core part @ksce Park, where the performance of the other
functions of Management, Business, and R&D depemg well on the infrastructure. Moreover, there
is a common component between Management and R&bEhvid the High Education Institute (HEI)
and Human resources that are associated with riqaiflihere is also a common component between
Management and Business which is marketing comgoranaddition, there is also a common
component associated with technology commerciatimabetween the Business and R&D. Each of
these group indicators is composed of componenssifpiindicators which can be assessed by linking
them to the relevant goals of a science park. kamgle, the goals of the university's science agk
RTV) can be linked to the sub-indicators of all gwe as shown in Table 2. In order to identify the
relationship between the goals of science parkth@dnain indicators that are needed to establigh a
generation science park, we need to assign thenoptivalue of each indicator in relation to the goal
where the optimum value can be quantified accortnigs relevance to achieve the goal as shown in
the estimated optimum value in Table 2. The metlaagofor assigning relevancy of a particular
component/sub-indicator to each goal can be cladsidccording to four levels, and similarly using
four scales for quantifying the achievement leehese sub-indicators as shown below:

The following sub-indicators [A, B, ..., W] of inditars [R&D, Business, Management, and
Infrastructure] can have the following weights:



. 0 (not important): Not needed for achieving tloalg

. 1/2 (half important): Could have it for achievitige goal

. 1 (important): Must have it for achieving the oa

. 2 (very important): Must have it for achievingtgoal and is needed for other indicators

The same scale could be also used to quantify eefmient level at each indicator and sub-indicator
with respect to each goal, as follows:

. 0 (Very Low) achievement level

. 1/2 (Medium) achievement level

1 (High) high achievement level

. 2 (optimum) achievement level

In order to quantify the knowledge indicator, tharmagement indicator, the business continuity
indicator, and the infrastructure indicators for\Rprograms which contributed to the Kingdom of
Saudi Arabia (KSA)'s KBE, the relevancy of thesb-sulicators in achieving the goals of RTV would
be used to identify the weight factors of the albsndicators, which has been estimated by 3 exrt
RTV as shown in Table 2, where the optimum weidhthese indicators is assigned according to the
above numerical weighting scale.

As an example, High Education Institute (HEI) wouldd important for goals 1, 2, 3, and half
important for goal 4. Therefore, the optimum vabfethis R&D, HEI sub-indicator would have a
weight of 1 for goals 1, 2, 3, and 0,5 for goalTéhe sub-indicator of ICTI of the Infrastructure is
important for goal 1, and very important for goal® 4. Hence, the optimum weight of this sub-
indicator (ICTI) would have 1 for goal 1, and 2 fgoals 2, 3, 4. The sub-indicator Public R&D (P-
R&D) associated with R&D is not important for gaakince it has no effect on attracting creative and
innovative person to join the science park at RTherefore, the weight value of this sub-indicator i
relation to goal 4 is 0.

For the purpose of consistency and homogeneityiithér step of aggregation, all weights (Over
goals, indicators and sub-indicators), must be fismalized, so that all sums of weights equal dhe
W = 1. The normalization of weights is shown in [EaB. Table 3 gives the final normalized values of
indicators, sub-indicators and goals. It indicatieat the most important goal providing excellent
environment, goal number 3; the most importantdattir is the infrastructure, and finally, the most
significant sub-indicator is the last one, the I@ifrastructure. Of course, these weight values are
considered very valuable in guiding the prioritfshe RTV management in allocating resources and
attention. These normalized weight value will bedign aggregating the weighted values of current
RTV achievements in the incoming section.

5 Measuring the effectiveness of RTV

In order to evaluate the performance of RTV Scidpaek using the list of KPI shown in Table 2, a
survey forms were given to 3 experts to estimagedttual performance of the RTV under each sub-
indicator's value. Then, these experts were avdragd aggregated as shown in Table 5.

Now, the final performance of the RTV should beigied according to the following newly
adjusted formula, that is a generalized form of wel-known weighted sum of criteria ratings
(weights of the criteria x criterion's weights)ldecome weighted sum of goal ratings (see the fatigw
formula):

Total Aggregate RTV Goal-based Rating (TAGRATE):, W; 27-1R;i/(ROj)/n D



Where:

W: the normalized weight of thHd goal,i=1.2, ..,0.
RO;;: the optimum performance of tHe sub-indicatorj = 1,2, ..,n.
Ri: the RTV actual performance the tfesjib-indicator w.r.t of thé" RTV's goalj = 1,2, ..,n.

And the range of this value is [Bpptimal goal based sum]. Then, by comparison t&timal goal
based sum, the performance of the RTV could beddcand displayed on a 2D graph

The aggregation of result and utilization of TAGRA€&quation (1) yields the following results:
The total actual RTV performance is 0.27, as shiowrable 4.

In order to give final interpretation of the RTVrfiirmance and at the same time in order to take
account for the uncertainty in opinions of the eiqewe construct a fuzzy scale to indicate the
approximate (fuzzy) position of actual performaneith respect to the optimum through one. As
shown in Figure 5.

In fact, Fuzzy set theory provides a frameworkHandling the uncertainties. Zadeh [28] initiated
the fuzzy set theory. In non-fuzzy set every obigeither a member of the set or it is not a memnobe
the set, but in fuzzy sets every object is to semient member of a set and to some extent it islveem
of another set. Thus, unlike the crisp sets menhijelis a continuous concept in fuzzy sets. Fuzzy is
used in support of linguistic variables and therancertainness in the problem. Fuzzy theory ilyid
applicable in information gathering, modeling, aséd, optimization, control, decision making and
supervision. We use some of its concept to constrinzzy linguistic scale to assess the perforraanc
of the RTV SP (see Figure 5). In Figure 5, the arse of discourse is determined based on the dptima
value of the RTV overall weighted achievement whadnstitutes the maximum performance. The
lowest performance is 0. Then this universe of dbtual overall performance is divided into five
triangular (standard) fuzzy sets: "Very Low", "LovMedium", "High", "Very high".

We first apply the equation (1) to the actual aptimum TAGRATE values.

The constructed fuzzy scale is simply made usiiangte memberships for five fuzzy sets represent
the grades of the performances. The universe obdise should logically lies between the maximum
optimal performance and the value zero, the lowesssible. Using the maximum operator we can
allocate the fuzzy set of the obtained total acpgaformance of the TAGRATE equation. Now, using
the computed actual performance which is 0.27 isilyeattributed to "Low" fuzzy set. Then,
conclusively, the performance of the RTV is notrhiut rather a hardly low performance. Then, after,
we could monitor and compute the valley's actuaigpmance and compare it periodically the given
result in order to monitor and adjust of control

Based on the conducted study done at Riyadh Tevhiley, and the experiences of three experts
working at RTV who have exposure to practices atettgped and developing countries, Figure 6
presents a comparison between the estimated avpeafyfgrnance indicators of the three experts and
the optimum one. It is very clear that the majodfyPKI| at RTV suffer from low weight compared to
the optimum one as shown in the red color of Figbrerhe value of sub-indicator Housing and
Settlement (HS) is very close to the optimum vaiukich gives an indication that housing is almost
completed. The sub-indicator of ICTI of RTV hasoavlvalue compared to the optimum one. This
indicates that there is a big delay in completing tevelopment of the infrastructure. This might be
due to the reason of bureaucracy for obtaining llielget assigned by government for RTV
infrastructure.

Figure 7 presents a comparison of the PKI Infrastme group indicators of RTV and the optimum
one. The result illustrated in this figure indicatbat the PKI of ICTI is very low at RTV aroundb2o
compared to optimum value of 11%. This will affabe rest of PKIs as ICTI is the main core
components that must be completed first in ordercémplete the development of the rest of
components of the group of Infrastructure. The mmand settlement (HS) PKI of RTV is close to the
optimum one. The management facilities (MF) andrmss facilities (BF) are also low compared to
optimum one since they are dependable greatlyeof@TI indicator. The overall Infrastructure group
PKls is weak and affecting badly the other PKI gramf Management, business and R&D. This is
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because all of these groups depend on the ICTtanali which is very low at RTV. There are many

reasons for the low value of ICTI at RTV which imdé lack of management plan to fund the

infrastructure, obstacles caused by KSU policyhaf tegal department, lack of management plan to
monitor the execution and follow up with senior mgement, and the lack for auditing and tracking
the execution of the plan.

Figure 8 presents a comparison of the PKI Managegrenp indicators of RTV and the optimum
one. The result illustrated in this figure indicatbat the PKI of Coordination and Events (C&Elpis
at RTV around 2% compared to optimum value of 5.9%is indicates that there are few events
associated with hosting workshops and conferentd®T& which bring less chance to meet with
researchers and improve the collaboration with thEimancial issue and lack of human resources
might affect this indicator. The Marketing sub-icatior (MK) at RTV has a low value of 1.2%
compared to optimum value of 4.8%. This indicatest RTV put less emphasis on marketing which
might be related to lack of human resources speethin marketing. The remaining management sub-
indicators of Training Program (TP), Financial AkA), Property for Rent (PfP), Globalization (GZ),
and Policy & Procedure (P&P) are also low compdoedptimum ones. This indicates that are many
issues associated with management require impraver8ece the management sub-indicators affect
the other Business and R&D group sub-indicatorshemvn in Figure 3, these other sub-indicators at
RTV would also suffer from reaching the optimumueabs would be explained in Figure 8 and 9.

Figure 9 presents a comparison of the PKI Busigessp indicators of RTV and the optimum one.
The result illustrated in this figure indicatesttttee PKI of Networking (Net) is low at RTV arou2&o
compared to optimum value of 6%. This low valuéNet is related to the low value ICIT sub-indicator
of the incomplete infrastructure, the low valueG&E and GZ sub-indicators of the business group
which affect making a proper network with professibinstitutions and other R&D national and
international centers since there will be less opmities to meet with these people. The valuehef t
rest of sub-indicators of Incubation (Inc), Vent@apital (VC), and Entrepreneurship (Entr) are also
lower than the optimum values. This might be dudhi® lower coordination among the different
entities of RTV and KSU that are associated wiity MC and Entr, since these entities don't belang t
the same management and there is no board of maeageontrolling all these entities.

Figure 10 presents a comparison of the PKI R&D prindicators of RTV and the optimum one.
The result illustrated in this figure indicatesttttae PKI of Technology Commercialization (TC) ésM
at RTV around 1% compared to optimum value of 4.8%e low value of this sub-indicator is mainly
affected by the overall sub-indicators of the bas& which are low in general. The rest of sub-
indicators of High Education Institute (HEI), PWIR&D (P-R&D), Private R&D (Pr-R&D), and
Collaboration R&D (C-R&D) are also less than thetimpm value. Since the infrastructure and
management sub-indicators affect the R&D sub-irtdisaas shown in Figure 3, and since these sub-
indicators are low for RTV, the overall sub-indimat of R&D at RTV are also low. The infrastructure
indicators should be improved first at RTV sinceaffects the rest of indicators of Management,
Business, and R&D. This can be done by completimg KCT infrastructure, the business and
management facilities faster than the current 8dna

Figure 11 illustrates the percentage achievemeRT&f goals, where overall achievement reaches
39% at RTV which is not high enough since thereatet of issues in infrastructure, management,
business and R&D that should be addressed as eregldiefore. The best achievement is for goal 1,
where 40% of this goal has been achieved so faktl@s will improve more once the main issues of
infrastructure and business would be addressediraptbved. The goals 3 and 4 have the lowest
achievement percentage of 38%. This is due tortbeniplete Infrastructure which can be used as an
excellent environment to attract R&D as well asividiial innovators to join RTV. In addition to the
low level of sub-indicators in Business and Manageimwhich can assist in communicating and
attracting individual innovators and R&B privatedgpublic sectors to invest at RTV.
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6 Conclusion

The concept of measuring the effectivenes:SP in relation to its goals has been presentet
proper eccsystem plays an important role in creating innaratiwhereSPis the major party of thi
system. Achieving the main goal SPfor developing a strong knowledge based economybeadone
through an effective knowledge transfer and creation, adg&oowledge sharing using late
technologies and successful collaborative platfetrategies, a good utilization of knowledge thro
applying different initiatives for the successftitmnsfer and tbitat of technologies, as well as the |
of effective knowledge measurement using a novellygéinal approach. Unlike the descripti
approach used in other references for checkingithanization's readiness in order to identify the
and try to fillin this gap, a better method using analytical apgnocalled go-based key performanc
indicator mechanism has been suggested in thisrpaffgs new method for measuring t
effectiveness of Science Park and its knowl-based economy has been presgniéis is based o
quantitatively analytical approach by identifyirtgetoptimum value of the p-defined su-indicators
in order to achieve the Science Park goal. Tthis study identifieghe real value of these ¢
indicators in relation to the goad$é Science Park using survey forms that has bdled fin by experts
This will allow manager to compare the real-indicators values of their Science Park to theropin
ones in order to identify the gap. It uses différeey performance skindicatos that are associat:
with four groups of R&D, Business, Management amfdalstructure These performance indicators i
assessed in relation to the goals of an organizdyoestimating their optimal achievement valudse
actual performance of RTV hdm®en compared to the estimated optimum performamtieators in
order to determine the gap and suggest improverThe actual overall performance was about 2}
or (0.27). Due to the inhereahcertainty in theexperts' judgment, this study has formethtin overal
measure to assess the overall performance and we dgtablished psychometric fuzzy scale
measure the actual against the optimal overallopsdnce. The proposed assessment will be us
monitor, control and guide improvement of the' performanceA comparison between tractual
overall performance of suibdicators of RTV and the optimum val hasindicated that the level «
overall performance of the RTV SP Low", according to the developed fuzzy assessmenrg.s

T5D
Technical & Service Department@ RTV

.
RE&ED ,
Research & Business 5. A5
/II'II\‘SIGFG b .
Habitatod ||, | | Products of
Technalogy )[_ Knewledge
|Startup,

Partnership]

Figure 1.RTV ecc-system towards strong Knowledge based Economy
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Creation of Innovation
Knowledge

Government
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Technology
Transfer

Figure 2. Key factors for the creation of Knowledgegood education syste

Marsgement

Figure 3. Functions of 4 Generation Science Park

Table 1.The major functions, indicators and -indicators of the science park assessment.
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Functions
A: HEI
B: P-R&D
1 C: Pr-R&D
R&D D: C-R&D
E: TC
2
Business
3
Management
4
Infrastructure

Component: sub-Indicator

HEI

Public R&D
Private R&D
Collaborative R&D
Technology
Commercialization

Entrepreneurship
Incubation
Venture Capital
Networking

Training Program
Financial Aid
Marketing

Property for Rent
Globalization

Policy & Procedure
Coordination & Events

Land Use

R&D Facilities
Business Facilities
Management Facilities
Housing & Settlement
ICT infrastructure

Eg. At Science Park

{High Education Institute like ICT, Medical, Eng, Sciences}

{Nano Center, Advance Technology Center, Diabetic Center}
{SABIC, ARAMCO, CISCO, MS}

{Universities, National, International}
{Technology transfer office, VC}

{entrepreneurship college and programs}

{incubators: ICT, Engineering, Bio}
{VC, Innovation center, Incubators}
{National, International Collaboration units}

{Training centers}

{National Plan, tenants}

{Outreach initiatives}

{Leased lands, offices for rent}
{collaboration/partnership with KSA science parks and
other international sciences parks}

{Strategic goals, templates, Guide}

{workshops, conferences, forum}

{ICT, Bio, chemical}

{Network, centers}

{Hotel, Motel, Business park}
{waste, traffic, electrical}
{researchersaccommodation}

{Basic ICT, Smart network, Datacenter}

Core

B;;;\;;s_{ &ICT RED
acilitimu

Management
Facilities

Infrastru

Figure 4. Correlation between the Functions™ Generation Science Park

Table. 2 Estimated RTV's performance indicatorssut-indicators' weightsvith respect tRTV's

goal

13




RTV Optimum sub-indicators value according to its goals
Z = R&D Business Management Infrastructure ® %ﬂ
x 2 Bt X
(U] ]
3
Indicators A:HEI[B:P- [c:Pr-[D: - [E:TC [ JG: Inc]H: ve]i: Net[o: TP Jk:FA L MKk[m: [N:Gz[o: TP a: LuR: F- Js: BF [T MF[v: Hs JweicTi
R&D |R&D |R&D Entr PfR P&P |C&E R&D
1:Transfer & habitat [1.0 [0.5 [1.0 |10 [to [1o [ro [ro [ro [os [ro [ro Jos Jos fos Jos fos [ro [ro fro Jos [ro o
of technology
2: Research 10 [10 [ro [to Jos Jos fos Joo Jro [ro Jos Jos fos Jos Jos [to foo Jos fro [ro oo [20 155
Collaboration
3:Provideexcellent  [1.0 0.5 [L0 [to 10 [ro Jos [ro Juo Jos Jos Jro [ro Jos Joo [ro fro [uo [ro [ro Juo [0  Jies
environment
4: Provide opportunity [0.5 0.0 [05 [t0 o5 o5 fos Jos [ro Jos Jos os foo Jos Jos [ro foo fos fos fos oo [0 Jr20
to attract creative and
innovative person to
work at RTV
Optimum Sub- 35 [20 [35 [40 [30 [30 [25 |25 [40 [25 25 [30 [20 [20 |5 |35 15 [30 [35 [35 |15 [0 [es.0
indicators Weight
Optimum Sub- 5.4% [3.1% [5.4% [6.2% [4.6% [4.6% [3.8% [3.8% [6.2% [3.8% [3.8% [4.6% [3.1% [3.1% [2.3% [5.4% |2.3% [4.6% [5.4% [5.4% [2.3% [10.8% [100.0%
indicators percentage
Weight to maximum 65
Optimum value of sub-
indicators (Normalized
to ICTI) 50%| 29%]| 50%| 57%)| 43%]| 43%| 36%)| 36%]| 57%| 36%| 36%| 43%)| 29%| 29%| 21%| 50%| 21%| 43%| 50%)| 50%| 21%| 100%
Table 3. Normalization of indicators', sub-indiaatand goals' weights.
R gosls 3. Attract Total
Indicators 1-T’a'.15f9f & 2. Research 3. Provide innovative . $Ub_ thal
habitat of collaboration excellent and creative indicators | weights
technology environment weights
persons
A: HEI 0.05¢ 0.06¢ 0.051] 0.04:Z 0.04¢
B: P-R&D 0.028 0.065 0.026 0 0.027
R&D C:Pr.R&D 0.056 0.065 0.051 0.042 0.049 0.259
D:C-R&D 0.05¢ 0.06¢ 0.05] 0.08: 0.05¢
ETC 0.05¢ 0.03:Z 0.05] 0.04: 0.04]
F:ENTRE 0.05¢ 0.03:Z 0.05] 0.04: 0.04]
Business G:INC 0.05¢ 0.03:Z 0.02¢ 0.04: 0.03¢ 0.195
H:VC 0.05¢ 0 0.051 0.04: 0.03¢ '
I: Net 0.056 0.065 0.051 0.083 0.058
J: TP 0.028 0.065 0.026 0.042 0.037
K:FA 0.05¢ 0.03:Z 0.02¢ 0.04: 0.03¢
L:MK 0.05¢ 0.03: 0.051] 0.04: 0.041
Management M:PFR 0.02¢ 0.03: 0.051 0 0.02¢ 0.280
N:GZ 0.02¢ 0.03:2 0.02¢ 0.04: 0.02¢
O:P&P 0.028 0.032 0 0.042 0.023
P:C&E 0.028 0.065 0.051 0.083 0.052
Q:LU 0.028 0 0.051 0 0.018
R:F-R&D 0.05¢ 0.03:2 0.051] 0.04: 0.041
S:BF 0.05¢ 0.06¢ 0.051] 0.04: 0.04¢ "
Infrastructure T:MF 0.05¢ 0.06¢ 0.051 0.042 .04 | 9322
U:HS 0.02¢ 0 0.051] 0 0.01¢
V:ICTI 0.056 0.13 0.1 0.167 0.103*
Total sub-indicator's weight/
. > 1 1 1 1
total goal's weight
Normalized Goals Total 1 1
weights total goal' indicators 0.28 0.24 0.3* 0.18
weights/ Sum of goals weights|
*Most important
Table 4. Actual RTV Performance Indicator
| | 1.Transfer | 2. Research 3. Provide 3. Attract| Actual |
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& habitat | collaboration excellent innovative | RTV
of environment and Total
technology creative | weights
persons
TAGRATE of
each goal 0.090 0.065 0.077 0.037 | 0.27
Percentage of
Normalized
RTV goal
achievement 32% 27% 26% 20% | 27%
A
\17.L0w Low Medium _Hich V. High
027 >

025 05

0.75

1.0

RTYV performance

Figure 5. The fuzzy overall scale for assessiegiital-based RTV performance

Table 5. Actual Assigned RTV's experts' currenfgranance indicators and sub-indicators' levels

values with respect to RTV's goal.

RTV current subindicators value as per November 2012 [average of 3 experts]

TE R&D Business Management Infrastructure E.‘c; Percentage
S8 I
Z e ; of RTV Goal
achievment
A:HEI|B: P- |C:Pr-[D: C- [E: TC [F G:  |H:VC|I:Net[J: TP |K:FA|L: MKk|M: |N:GZ[O: |P: |Q:LU[R:F- |S:BF T:  [V:HS|W:ICTI
R&D [R&D |R&D Entr (Inc PfR P&P [C&E R&D MF
1:transfer & habitat (0.5 0.3 |0.3 [0.5 |0.4 0.4 (0.6 |04 0.4 (0.1 |04 |0.2 |0.2 (0.2 0.2 |0.2 (0.3 |0.3 |0.3 (0.3 [0.4 0.2 7.2
of technology 40%
2: Research 05 (04 (03 [05 (0.2 [0.2 (0.3 [0.0 (0.4 (04 (0.3 (0.2 |0.2 (02 [0.2 |03 |0.0 |03 |03 |0.3 0.0 |06 |61
Collaboration 39%
3:provideexcellent {0.5 0.2 |04 |05 |03 |0.4 [0.3 |04 |04 [0.2 [0.2 [03 [0.4 [0.2 (0.0 [03 [0.5 (0.4 [0.3 (03 [0.7 [0.5 7.5
environment
38%)
4: Provide opportunity (0.3 [0.0 (0.2 (0.3 [0.3 (0.3 [0.2 (0.2 [0.2 (0.2 [0.3 |01 |0.0 |02 |0.2 |03 0.0 0.2 |0.2 |0.2 0.1 |05 |45
to attract creative and
innovative person to
work at RTV
38%)
RTV Overall Sub- 17 (09 |12 |18 (12 |12 |14 (10 |14 |10 (12 |08 |0.8 |09 (0.7 |12 (0.8 (1.1 |11 |11 (1.2 (1.7 253
indicators Weight
39%)
RTV Sub-indicators  [2.7% [1.4% [1.9% [2.8% [1.8% [1.9% [2.2% [1.5% (2.2% [1.5% (1.8% [1.2% [1.2% [1.4% (1.0% |1.8% |1.3% |1.7% (1.7%|1.7% |1.8% | 2.6% |38.9%
percentage Weight to
maximum 65 39%
RTV current value of
sub-indicators
(Normalized  to
optimized ICTI) 25%| 13%| 17%| 26%| 17%| 17%| 20%| 14%| 20%| 14%| 17%| 11%)| 11%)| 13%)| 10%)| 17%)| 12%)| 16%)| 16%| 16%| 17%)| 24%|
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—4&— Optimum Sub-indicators Weight
—— RTV Overall Sub-indicators Weight

MF

Figure 7. Optimum Performance Indicators Vs RTMdatbrs for Infrastructure in order to meet
RTV Goals.
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—4&— Optimum Sub-indicators percentage
Weightto maximum 65

—— RTV Sub-indicators percentage
Weightto maximum 65

K: FA

L: Mk

Figure 8. Optimum Performance Indicators Vs RTVidatbrs for Management In order to meet
RTV Goals

—&— Optimum Sub-indicators percentage
Weightto maximum 65

——RTV Sub-indicators percentage
Weightto maximum 65

I: Net G:lInc

H:VvC

Figure 9. Optimum Performance Indicators Vs RTMidatbrs for Business In order to meet RTV
Goals.
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A:HEI
7.0% —4&— Optimum Sub-indicators percentage
Weightto maximum 65

6.0% ——RTV Sub-indicators percentage

Weightto maximum 65

/

D:C- C: Pr-
R&D R&D

4.0%

0%

B: P-R&D

Figure 10. Optimum Performance Indicators Vs RTHlidators for R&D in order to meet RTV
Goals

40%

40%

39%

39%

38%

38%

37%

37%

1:transfer & 2: Research 3: provide 4:Provide RTV Overall
habitat of Collaboration excellent opportunity to Sub-indicators
technology environment attract creative Weight

and innovative
person to work
at RTV

Figure 11. Percentage achievement of RTV Goals.
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