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ABSTRACT

Intergovernmental Economic Organizations usually leverage the scientific capacity of their
member countries to ensure economic prosperity through consensual science policies. The
D-8 Organization for Economic Cooperation is an intergovernmental economic forum
constituting eight developing Muslim-majority countries with a host of recent initiatives toward
encouraging interstate scientific and technological collaborations. This study presents an
overview of the forum’s overarching science policies and the research performance in the
member countries in the past two decades. The individual D-8 countries’ performance over a
set of STl indicators is analyzed to examine the driving forces of the STI system in the member
countries. The findings revealed marked disparities among the countries in economic
prosperity, R&D expenditure, and the stock of researchers in their STI systems. Although the
aggregate research volume of the D-8 countries almost quadrupled over the 2010s compared
with the previous decade, there are salient differences in the research capacity and scientific
impact among these countries. GDP, R&D expenditure, human development index, GNI per
capita, and the number of researchers (FTE per million inhabitants) contribute to explain

the growth of publications in some of the D-8 countries. Knowledge sharing, transfer of
technology, research collaboration, and investment in R&D infrastructure among the member
countries underline the recent overarching scientific policy initiatives of the D-8 organization.

1. INTRODUCTION

Toward the end of the 20th century and early at the turn of the new century, the world wit-
nessed concerted economic initiatives in the form of intergovernmental forums including, but
not limited to, G7, G20, OECD, D-8, BRICS, and ECO, with a primary focus on either global or
regional economic challenges depending on their scope and inclusivity. Typical in these coa-
litions is an initial narrow scope but an extension of agendas and sometimes membership in
later stages of organizational development. Given the contribution of science to economic
growth and competitiveness, some of these forums, such as G20 and D-8, began to call upon
scientific knowledge and research-based evidence in policy-making and seeking solutions to
global challenges, such as climate change, sustainability, and food security (Royal Society, 2011,
pp. 31-36). The D-8 Organization for Economic Cooperation is an intergovernmental forum
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established to foster economic cooperation among eight Muslim-majority developing coun-
tries: Bangladesh, Egypt, Indonesia, Iran, Malaysia, Nigeria, Pakistan, and Turkey. These eight
countries currently accommodate about two-thirds of the population in the 57 member states
of the Organization of Islamic Cooperation (OIC).

Against the backdrop of the broader global initiatives launched by intergovernmental forums
to engage science and innovation in tackling global issues and securing sustainable socioeco-
nomic development, the present study aims to address policy-making in science, technology,
and innovation (STI) by the D-8 organization and to portray a developmental picture of science
policy and research performance in the member countries in the past two decades (2000-2019).
To this end, the study presents a brief review of some of the STl policies of the D-8 organization.
Besides, a set of input ST indicators will be gauged against research publications to examine the
country-level driving forces of the science and innovation systems in the D-8 countries. Where
viable, the D-8 countries’ collective performance across the input-output indicators will be
compared with other regional/income groups. The research performance of the D-8 countries
will be characterized based on the bibliographic data indexed in Elsevier’'s Scopus database.

2. BACKGROUND

The D-8 forum was officially established in 1997 following the Istanbul Declaration at the
Summit of Heads of States in Turkey. According to the UN Department of Economic and Social
Affairs Population Dynamics, the D-8 member countries currently have a population of around
1.16 billion, accounting for 15% of the total world population'. Of the D-8 countries, Turkey
and Indonesia are simultaneously members of the G20 while Iran, Pakistan, and Turkey are on
the board of the Economic Cooperation Organization (ECO) as well. The D-8 countries span a
wide geographical area, ranging from Sub-Saharan Africa (Nigeria), North Africa (Egypt), West-
ern Asia (Iran and Turkey), South Asia (Bangladesh and Pakistan), to South-East Asia (Indonesia
and Malaysia). These are among the largest economies in their respective regions, as with
Nigeria and Egypt in Africa, Turkey and Iran in Western Asia, and Indonesia and Malaysia
in South-East Asia (see ).

According to the D-8 Secretary General, the current collective GDP of the D-8 member
countries amounts to US$4 trillion. The members have an export quota of US$1.5 trillion,
an intra-trade of US$110 billion and about 5% of the world’s GDP~. The D-8 secretary
general, , reported that member countries of the D-8 organization account
for about 50% of the OIC’s total trade, noting that D-8 countries will be “the next Economic
Powerhouse” based on macroeconomic indicators.

The D-8 leaders have consensually decided to foreground STI polices as a means and driver
of economic development by leveraging their research capacity toward more economic
benefits. To encourage collective R&D initiatives among the member countries, the Leaders’
Summit, held in October 2017, approved of the establishment of the D-8 Research Centre and

the D-8 International University ( ). Besides, the D-8 organization has
embarked on launching the D-8 Network of Pioneers for Research and Innovation (D-8 NPRI
Platform; ) as an ambitious initiative to foster all-out interstate R&D

collaborations among a host of research entities, most notably universities, within the member
countries. The organization has also established a D-8 Technology Transfer and Exchange Net-
work (D-8 TTEN) to facilitate the transfer of innovative technology and capacity-building in
the member countries through the push of the private sector. One should, however, note that
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Geolocation of the D-8 countries (created with mapline).

D-8 member countries constitute a heterogeneous alliance with different geopolitical and
sociocultural backgrounds, which might have shaped their distinct macroeconomic and sci-
entific development over time.

The D-8 organization’s science policy fits well within the broader context of the OIC objec-
tives. In his preface to the Atlas of Islamic World Science and Innovation (2014, p. 7), the then
OIC Secretary General noted, “enhancing and developing science, technology and innova-
tion; and encouraging research and cooperation among Member States in these fields, figure
highly among the objectives of the OIC Charter.” One of the objectives of the D-8 Decennial
Roadmap for 2020-2030 is for the members to promote cooperation in science and technol-
ogy through engaging universities and research centers. They have also committed themselves
to working towards UN SDG objectives. The D-8 Decennial Roadmap (D-8 Organization,
2021h, p. 15) makes frequent references to scientific collaboration, R&D cooperation and
knowledge sharing across all levels of aggregate including governments and institutions.

2.1. D-8 vs. World Growth of Publications

Based on Elsevier’s Scopus data, the D-8 countries collectively produced 2.57% and 5.80% of
the total world publications during the 2000s and 2010s, respectively. Notwithstanding the
meager global share of the D-8 publications, the aggregate growth rate of their output was
notably large, with an increase of 265% in the 2010s compared to the preceding decade
(see Figure 2). The following query was used to collect data and compute the figures.

PUBYEAR > 1999 AND PUBYEAR < 2020 AND (LIMIT-TO ( AFFILCOUNTRY, “Turkey” ) OR
LIMIT-TO ( AFFILCOUNTRY , “Egypt” ) OR LIMIT-TO ( AFFILCOUNTRY , “Nigeria” ) OR
LIMIT-TO ( AFFILCOUNTRY , “Malaysia” ) OR LIMIT-TO ( AFFILCOUNTRY , “Pakistan” )
OR LIMIT-TO ( AFFILCOUNTRY, “lIran” ) OR LIMIT-TO ( AFFILCOUNTRY , “Indonesia” )
OR LIMIT-TO ( AFFILCOUNTRY , “Bangladesh” ) )
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Figure 2.  Number of publications in the past two decades indexed in Scopus (retrieved from Sco-
pus online interface in August 2021).

3. LITERATURE REVIEW

Knowledge is an important driver of sustained economic development and growth in the long
run (Chen & Dahlman, 2004). Scientific research and innovation are key elements contribut-
ing to an innovative and knowledge economy (SESRIC, 2016, p. 3) and to economic growth
(Falk, 2007). Chen and Dahlman (2004) found that a 1% increase in the number of journal
articles of a country was correlated with “a 0.22 percentage point increase in annual eco-
nomic growth ...” (p. 40). The Royal Society report (2011, p. 5) acknowledged the uncontested
role of science in economic development such that “the recognition of the role that science
can play in driving economic development, and in addressing local and global issues of sus-
tainability, has led to increased research activity and the application of scientific method and
results within less developed countries.” Intergovernmental organizations have tried to
advance overarching STl policies and frameworks to create an enabling environment, facilitate
STI cooperation and address global challenges (Chaturvedi, Rahman, & Ravi Srinivas, 2019).

In the context of the D-8 organization, Malaysia, Turkey, and Iran are among the top R&D
disbursers. Turkey and Iran were reported to have the largest numbers of researchers relative to
their populations and to “publish nearly half of the OIC’s scientific papers,” with Iran being
granted the largest number of patents (Atlas of Islamic World Science and Innovation, 2014,
p. 8). From 2000 to 2011, Iran was granted 4,513 patents accounting for 31.8% of all patents
in the OIC region while Malaysia obtained 2,353 patents in the same period accounting for
16.6% of the total in OIC league (Atlas of Islamic World Science and Innovation, 2014, p. 37).
Patents are an important proxy of the innovative capacity and initiatives within a country.
Analyzing the data from 92 countries during the period 1960-2000, Chen and Dahlman
(2004, p. 44) found a statistically significant positive correlation between the patents granted
to the residents of a country and long-term economic growth such that a 20% annual increase
in the granted USPTO patents would contribute to economic growth by 3.8% points per year.
Safahieh and Sharifi Fard (2020) studied the scientific publications and technological outputs
(measured through patents) of the D-8 countries during the period 1997-2017. They found
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that although Iran ranked second after Turkey in terms of the number of publications and cita-
tions, it fell to a far lower rank regarding the ratio of technological to scientific outputs. They
also found a significant positive correlation of the number of publications with both citation
counts and the number of technological outputs for some of the countries.

Some of the D-8 countries have declared plans for increasing their expenditure on R&D.
Iran announced an ambitious plan to increase its expenditure on R&D as a percentage of GDP
to 4% by 2030 ( ). Early in the 2010s, Egypt’s elected president pledged to
increase the country’s R&D expenditure to 2.5% of its GDP, hoping that science would bring
“a renaissance in Egypt” ( ). Indonesia, on the other hand, planned in 2011 to
increase its gross expenditure on R&D (GERD) more than 12-fold from 0.08% to 1% of GDP
by 2014 under the Innovation Initiative 1-747 ( , p- 27). Malaysia, under
its Ninth Malaysia Plan (2006-2010), aimed for an allocation of 1.5% of its GDP to R&D by
2010. The target, however, was missed, resulting in a subsequent readjustment to 1% of GDP
by 2015 under the Tenth Malaysia Plan 2011-2015 ( ). As reported in
the , R&D investment in the OIC member
countries is mostly done by government and the public higher education sector. Still, relying
on their stronger private sectors, Turkey and Malaysia were reported to have curated a larger
portion of their R&D funds through businesses. Some D-8 countries, such as Nigeria and Paki-
stan, however, almost lacked R&D investment by the private sector (

, p- 22). Iran has paid assiduous attention to its STI system over
the last two decades, aiming to make a transition to a knowledge economy ( ).
Although Iran is rich in natural resources, most notably in oil and gas, it has reduced the share
of oil revenues in its GDP, down from 32.4% in 2005 to 22.2% in 2019. This has been the case
with other D-8 member countries: Oil revenue as a percentage of GDP decreased in Egypt
from 12.3% in 2005 to 4% in 2019; in Nigeria from 18.6% in 2005 to 7.4% in 2019; in Indo-
nesia from 5.3% in 2005 to 0.9% in 2019; and in Malaysia from 7.2% in 2005 to 2.4% in
2019°. In the case of Iran, this decrease coincided with policy-making and investment in
knowledge enterprises and science and technology parks. Malaysia has similarly pursued a
policy under its Vision 2020 plan to become a knowledge economy by 2020 with a transition
toward high-technology industries ( ). According to the latest World
Economic Forum statistics, the average score of capacity for innovation in D-8 countries was
4.16 in 2017, which was above the world’s average. Well above the average were Malaysia
(5.4) and Indonesia (4.8) as the top performers while Bangladesh (3.8) and Egypt (3.4) recorded
the lowest scores among the D-8 members (

).

In their report on the research landscape in the Middle East, North Africa, and Turkey
(MENAT), shortlisted a set of deficiencies in the science systems
of the Muslim-majority countries as OIC members. They reported that collective research out-
put in the MENAT region increased 20-fold in the past four decades. The report revealed that
while Iran and Turkey were the largest research economies in the region, their international
collaboration was about 25% on average. In this regard, they fell far behind Egypt, which had
60% international collaboration. studied the scientific collaboration of
the D-8 countries between 2000 and 2012. They reported that Turkey, Iran, and Malaysia
produced the lion’s share of research output among the D-8 countries.

The current deficiency in science, technology and innovation in the Muslim world was
earlier acknowledged in the OIC Vision 1441 (

3
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, p- 3). The document delineated a set of issues that resulted in this deficiency, including
low expenditure on R&D as a proportion of GDP, a small proportion of scientists and
researchers involved in R&D, and a minor share of research publications in the world. The
OIC Vision 1441 called for a commitment of the member states to fervently support a science
and technology cause to meet the new economic challenges and promote their socioeco-
nomic development ( , pp- 4-7).

developed a bibliometric model of scientific development in a
case study on 25 Asian countries, including five of the D-8 countries in the continent. Their
results showed that Iran, Malaysia, and Pakistan made a compound annual growth rate of
publications, indexed in Scopus, above 15% in the period 1997-2012. They also found that
doctoral students played a significant role in increasing the publication outputs in the Asian
countries under study. conducted a study to capture the effect of political dynam-
ics of the Middle East on research output of the Persian Gulf region states. He noticed, based
on his bibliometric model of scientific development, that Iran was one or two steps ahead of
other countries in the region in terms of scientific development. He observed that Iran was the
only country to have developed its own R&D infrastructure over the past three decades, “
despite the economic boycotts to which it has been subjected during most of the time” (

, P 5).

4. METHODOLOGY

The present study adopts a descriptive-analytical method to characterize the research perfor-
mance in the D-8 countries over the past two decades (2000-2019). To this end, a select
number of STI input indicators are examined in conjunction with research output as a proxy
for scientific and technical knowledge. The input-output indicators are used to outline the
science system in the countries over the past two decades. In addition, statistical analyses
are done to identify the potential contribution of each input indicator to the output indicator.
Accordingly, individual data sets of STl indicators were created for the D-8 countries based on
the data extracted from the UNESCO Institute for Statistics (UIS)" and the OIC Statistics
(OICStat)” databases. Other data sets were compiled of the publications, collaboration, and
citations of the D-8 countries based on the data extracted from Elsevier’s Scopus online inter-
face and the CWTS in-house SQL snapshot of the Scopus database (Snapshot 2021, April). The
citations were counted for the publications in the given periods as the total times cited until the
date of data retrieval (2021). The citation window is variable; thus, for the publications in a
given year, the citations are counted until the data retrieval date. As the UIS and OICStat data-
bases lacked data on some indicators, national STI reports and scoreboards were also scanned
to fill in the missing data in the data sets. The data from the UIS and OICStat databases were
collected as of August 2021 and further complemented in September 2021. The data from
Scopus were retrieved and recorded between August and November 2021.

4.1. STI Indicators

The STI indicators are briefly defined in . Economic-based indicators are measured in
current U.S. dollars so that they carry the inflation effect ( , p- 3). Some
indicators are expressed in current purchasing power parity (PPP) in U.S. dollars as an adjust-
ment of the purchasing power of different currencies, which makes it possible to compare
countries against a standard baseline.

4 UNESCO Institute for Statistics Data Centre, Montréal, Canada ( ).
5
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Table 1.

STl indicators by type

Indicator type

Indicator name

Definition

Input

Output

GDP (current U.S.$)

GDP per capita (in current US$)

GERD in 000 current PPP$

GERD per capita (in current PPP$)

GERD as a percentage of GDP

GNI per capita, atlas method
(current U.S.$)

Human development index (HDI)

No. of PhD students/enrollments

Enrollment, tertiary education

Researchers per million
inhabitants (FTE)

Publications

Gross domestic product (GDP) is a measure of the total value added as a
result of the production of goods and services in the economy during a
reference period (OECD data, 2021)".

GDP divided by the total population of the country.

Gross domestic expenditure on R&D (GERD) “covers all expenditures for
R&D performed in the economy during a specific reference period”
(OECD, 2015, p. 109).

All expenditures on R&D per inhabitant of the country during a given period
(OECD, 2015).

GERD as a percentage of the GDP of a country in a given period, which is
alternatively called R&D intensity.

Gross national income (GNI) constitutes GDP and the net revenue from
abroad. GNI per capita is GNI divided by the midyear population of the
country. The indicator value is expressed in US$ to facilitate comparisons
across different countries (World Bank, 2021)".

A complex measure calculated as the geometric mean of three indicators:
life expectancy index, education index, and GNI index (UNDP HDRO)".

Total number of PhD students enrolled/studying in PhD programs in both
public and private institutions.

Total number of students enrolled in tertiary education institutions (both
public and private) in a given period.

Total number of researchers as a proportion of one million population of a
country in a given period. The full-time equivalent (FTE) adjustment gives
an account of the actual time spent on R&D activities by researchers in a
given context in a certain period.

The data on all document types of publications were extracted from the
Scopus database (online interface and/or CWTS SQL Server) as a proxy
for the body of knowledge produced in a country/territory. Alongside the
total number of publications, the data on citations, collaboration, and
field distribution were retrieved from the databases as well.

4.2. Data Deficiency

One of the major issues in characterizing STl and drawing comparisons inter alia is the relative
deficiency in data on important input-output indicators for the D-8 countries. For example, the
UIS database provides few or no data points on the number or proportion of researchers, R&D
intensity, and GERD per capita for some D-8 countries. Where available, the data are often frag-
mentary, with breaks across years in the series. This severely limits the possibility of presenting a
thorough profile of these countries across all individual indicators. All analyses, however, are car-
ried out here with this caveat in mind. Furthermore, various sources and databases provide STI
statistics for the countries that are at times inconsistent. In addition, data collection and reporting

6 httpsy/data.oecd.org/gdp/gross-domestic-product-gdp.htm.
7 https://data.worldbank.org/indicator/NY.GNP.PCAP.CD.
8 https;/hdr.undp.org/en/content/human-development-index-hdi.
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methodologies in some cases pose serious questions as to the reliability and accuracy of the data
( , p- 22-23). To avoid such inconsistency and ensure, at least, the com-
parability of the data, the UIS and OICStat databases were used as the main sources of data on STI
input indicators for all countries. Exceptions are only in the number of PhD students/enrollments
for Iran” and Malaysia'*, where the data were obtained from official government documents.

4.3. Generalized Estimating Equations (GEE) Analysis

According to , the explanatory power of the statistical or mathe-
matical models could be used to capture the correlations between input and output R&D
variables. Generalized estimating equations (GEEs) were run in SPSS 26 to examine the con-
tribution of input indicators to the publications count for each country in 2000-2019. GEE is
an advanced statistical analysis that estimates the parameters of generalized linear models
(GLM) in time-series analyses. The data on each country were separately compiled in Excel
files and imported into SPSS for analysis. The data structure was converted to the longitudi-
nal structure for GEE analysis. Owing to the deficiency of the input data for some countries,
as shown in , the statistical analysis was only carried out for Turkey, Iran, Egypt, and
Malaysia independently. The missing data points were imputed using the random data gen-
eration technique. Accordingly, 15 imputations were run for every country data set, and the
simulated values closest to the observed data points were selected to fill in the missing data.
In the first run of statistical analysis, univariate GEE was carried out with individual variables,
and only the variables with a p-value smaller than 0.2 (p < 0.2) were passed into the multi-
variate GEE analysis for every country ( ). The multiple GEE analysis
was used to examine the likely contribution of input variables to the publication count for
each country over time in the exchangeable correlation matrix structure. The level of signif-
icance was considered smaller than 0.05 for the multiple GEE tests in this study.

5. RESULTS

5.1. D-8 Countries’ Performance Across STI Indicators

As an important barometer of the economy' ', GDP has been subject to fluctuations with occa-
sional leaps and slumps in the D-8 countries over the past two decades. One should bear in
mind, however, that this is nominal GDP measured in current U.S. dollar prices, which reflects
the inflation effect in the GDP values across the years

illustrates the average GDP per capita (a) and average HDI (b) of the D-8 countries
by decade. These two indicators are juxtaposed to provide a more robust picture of the socio-
economic conditions. As shown in , Turkey and Malaysia lead other countries in terms
of the average GDP per capita in the two consecutive decades. In the 2010s, they clearly stand
out from the rest of the cohort as their average GDP per capita is almost double their closest
comparator, Iran. According to the World Bank classification of income groups, Turkey and
Malaysia currently lodge among the upper middleiincome economies, while other D-8 coun-
tries sit among the lower middle-income nations ~. The countries, however, are remarkably
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Table 2. Data availability on STI indicators by country during the period 2000-2019
Output
Input indicators indicator
GDP per GERD GERD per GERD as a Researchers GNI per
GDP capita in '000 capita (in percentage of Human No. of PhD  Enrollment, per million capita, Atlas
(current (current current current GDP (R&D development students/ tertiary inhabitants method Publications

Country US$) US$) PPP$ PPP$) intensity) index (HDI) enrollments education (FTE) (current US$) (Scopus)
Iran v v o} o} = v [ v [ ] ]
Turkey 4} 4} O] o] = 4} = 4} |
Egypt 4} 4} o] o] o] 4} O] = 4} o}
Nigeria 4} 4} = = 4} |
Pakistan v v o} o} = | [ [ ] ]
Bangladesh 4} 4} 4} = 4} |
Indonesia v | o} o} = | | [ ] ]
Malaysia | 4} O] o] = 4} 4} = 4} |

M fully available data across the time series; [ available data with breaks across the time series; Xl data not available.
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Figure 3. (a) Average GDP per capita (current US$) vs. (b) average HDI values in the D-8 countries over the past two decades (source: UIS

database).

Quantitative Science Studies

more homogenous in HDI, with Malaysia, Turkey, and Iran leading other countries while
being closely followed by Indonesia and Egypt.

With regard to R&D intensity, Malaysia leads other D-8 countries by consistently allocating
an average of over 1% of its GDP to R&D in the 2010s. As shown in Figure 4, Turkey, which
was a close comparator of Malaysia in the 2000s, lags far behind in the 2010s, with an average
R&D intensity value of 0.86%. Iran, which was a close comparator of Turkey in the 2000s,
spent only half the average of Turkey in the 2010s. Egypt, however, showed a sizeable inten-
sification of R&D expenditure as a percentage of its GDP, with an average value of around
0.62% in the 2010s. The average R&D intensity almost trebled in Indonesia over the 2010s.

Taken together, however, the average R&D intensity in the D-8 countries was meager com-
pared with other regional or income groups over the last two decades. As shown in Figure 5,
Northern America was the largest R&D spender, allocating an average of 2.6% of its GDP to
R&D in the last two decades. The world’s average GERD as a percentage of GDP approxi-
mated that of Europe. The growth rate of average R&D intensity was most conspicuous in

1.4

1.2

0.8

0.6

0.

| Ll I

0 ul

Malaysia Turkey ITran Egypt Pakistan Indonesia Bangladesh ~ Nigeria

~

NS}

=2000s =2010s

Figure 4. Average R&D intensity in the D-8 countries by decade (source: UIS database). Data for
Bangladesh and Nigeria were unavailable. For other countries, the values were missing for some
years.
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D-8 Countries' Average No. of Researchers
per Million Inhabitants (FTE)
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Figure 5. Collective average R&D intensity in country groupings by region and income (source:
UIS database) (calculated as average of ratios for the country-years for which the data were

available).

the upper middle-income countries with around 59% increase in the 2010s compared with the
previous decade. The collective growth rate of average R&D intensity in the D-8 cohort was
50% in the 2010s compared with the 2000s, which is higher than that of the middle-income
countries, with around 48%.

An important input to the STI system is human resources (HR) engaged in R&D as

researchers who work toward the “conception or creation of new knowledge” (OECD,
2015, p. 162).

As shown in Figure 6(a), Iran leads D-8 countries in the 2000s with an average of over 728

FTE researchers per million inhabitants. However, Malaysia takes over in the 2010s with an

&
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(a) Average number of researchers per million inhabitants (FTE) in the D-8 countries (computed based on the available country-year

data points across the time series) vs. (b) collective averages by regional and income groupings; these averages were computed based on the
available country-year data points across the time series. Thus, the values represent partial average data for each cohort (source: UIS database).
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Table 3. Annual growth rate of tertiary enrollment in D-8 countries (year-over-year percentage) (source: OICStat database)
Iran Indonesia Malaysia Egypt Bangladesh Turkey Pakistan Nigeria

2000 7.39 2.18 16.02 2.46
2001 11.74 —3.47 1.44 20.89
2002 —-0.21 5.23 13.50 6.84 —2.64 4.39
2003 9.44 8.36 14.80 —7.34 2.57 14.34
2004 14.03 3.19 0.72 7.78 —6.38 2.82 29.82 4.49
2005 8.77 3.13 -4.69 4.04 10.99 6.78 50.31 7.90
2006 12.82 -0.13 5.81 2.16 15.57 11.23 4.82
2007 17.91 4.08 9.21 3.42 8.72 4.73 16.38
2008 19.92 16.10 14.54 0.64 13.02 3.22 2.00
2009 -1.24 9.95 8.51 2.67 22.22 15.46 25.90
2010 13.17 2.91 6.07 3.05 20.69
2011 8.61 7.26 -2.36 -15.10 8.15 8.52
2012 6.98 16.21 3.89 2.45 1.43 14.05 15.53
2013 —-0.83 3.04 3.72 7.67 14.29 5.42
2014 7.27 0.62 1.01 2.69 9.99 0.86
2015 2.50 8.98 15.43 12.77 10.79 -3.12
2016 —9.46 8.11 2.65 -2.78 10.33 —0.82
2017 -6.31 4.32 —6.56 4.49 2.37 7.62 4.60
2018 -11.24 1.17 2.88 11.59 14.02 5.02 -3.26
2019 -6.71 -5.19 17.29 2.84 37.60

Quantitative Science Studies

outstanding boom of around 1,978 FTE researchers per million inhabitants in average, up
from around 519 in the 2000s. This is more than double Iran’s average for the 2010s. Turkey
also experienced a growth rate of over 100% in the average number of FTE researchers per
million inhabitants in the 2010s, up from 555.7 in the 2000s. Egypt, Pakistan, and Indonesia
follow the other three top performers with comparably lower proportions of researchers in
their STI system. On the global stage, northern America consistently outperforms the world
in the average number of FTE researchers per million inhabitants. Both northern America and
Europe stand well above the world’s average. The D-8 countries’ collective average is on a
par with the upper middle-income countries and closes in on the world’s average in the
2010s. Along with increased researcher tallies, the results revealed that D-8 countries pro-
gressively expanded their higher education systems, with the number of enrollments in ter-
tiary education sometimes increasing dramatically over the past two decades.

Despite the overall growth in the number of student enrollments in tertiary education over
the last two decades, year-over-year data revealed occasional slumps in some D-8 countries,
especially in the first half of the 2000s and the latter half of the 2010s (see Table 3). Since
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2016, Iran witnessed the most considerable downtrend followed by Malaysia. Pakistan, how-
ever, recorded the most dramatic increases in the growth rate of tertiary enrollments since
2000. Moreover, the number of PhD students in Iran increased from around 19,000 in
2005 to over 147,000 in 2019. For Malaysia, PhD enrollments increased from about
10,000 in 2005 to around 40,000 in 2018.

Starting from a low base in the 2000s, almost all D-8 member countries, especially Iran,
Turkey, and Malaysia, made clear signals of the development of their research enterprise with
a large volume of scholarly publications in the 2010s. Turkey led the D-8 countries by far in
the number of publications, with almost double the volume of its closest comparator, Iran, in
the 2000s. In the 2010s, however, Indonesia recorded a phenomenal growth rate of around
1,140% to become the fifth most prolific country in the D-8 cohort in this decade (see ).

In the 2010s, Iran surpassed Turkey in the total number of publications. With regard to the
aggregate number of publications in the past two decades, Turkey still leads the cohort,
followed by Iran, Malaysia, and Egypt. Pakistan and Indonesia have almost the same share
of publications. Taken together, the collective average growth rate of all document types of
publications was 265% for D-8 countries in the 2010s.

According to , research in the fields of science and social
sciences has become substantially collaborative over time. Consistent with the global author-
ship trends, the publications of the D-8 countries have progressively become more collabora-
tive. While Egypt and Nigeria published a smaller share of their output as multiauthor papers
(i.e., publications contributed by two or more authors), other countries were more homoge-
neous, with 86-91% of multiauthor as opposed to single-author publications in the 2000s. In
the 2010s, the D-8 publications became even more collaborative, with Malaysia and Pakistan
publishing around 96% of their scholarly output as multiauthor papers. Turkey, however,
maintained the same ratio across the two decades. All D-8 countries performed above the

world’s average of multiauthor ratios in the 2000s and 2010s (see ).
D-8 Countries' Publications in the Past D-8 Countries' Publications Growth Rate
Two Decades (%) in the 2010s over the 2000s
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Figure 7. D-8 countries’ (a) publications and (b) growth rates in the past two decades. The publication counts include all document types
indexed in Scopus. The growth rates are calculated for each country based on the total publication counts (data from CWTS SQL Server).
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Figure 8. (a) Percentage of multiauthor publications in D-8 countries and (b) of single- vs. multiauthor publications in the world in the past 2
decades (data from CWTS SQL Server).

Citations are a well-known proxy for scientific impact. Indonesia leads the D-8 countries
with the highest average citations per publication for its documents published in the 2000s.
For the documents published in the 2000s, Indonesia, Bangladesh, and Turkey showed the
highest citation impact. Indonesia, however, recorded an important relative change in its
average citations per publication for the 2010s documents, retreating to eighth place in the
cohort. All D-8 countries, except Indonesia, fell below the world’s average of citations per

World  EEE World  EEEET
Turkey N Turkey I
Pakistan [ Pakistan [T
Nigeria [ s Nigeria [
Malaysia S — Malaysia FE
Tran  EEEEEE Iran  EEET
Indonesia o e —— Indonesia [y —
Egypt I s Egypt [T
Bangladesh i Bangladesh S
0.00 10.00 20.00 30.00 0.00 10.00 20.00 30.00 40.00 50.00
=2010s =2000s =2010s =2000s
(a) (b)

Figure 9. (a) Citations per publication and (b) percentage of uncited publications of the D-8 countries vs. the world average (data from CWTS
SQL Server).
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Table 4. Research collaboration between country pairs during the period 2000-2019 (data from Scopus online interface)

Turkey Iran Pakistan Bangladesh Egypt Nigeria Malaysia Indonesia

Turkey 5,723 3,844 332 3,014 595 2,510 484
Iran 2,732 292 2,034 489 9,328 306
Pakistan 965 2,503 610 7,023 574
Bangladesh 442 249 3,572 413
Egypt 503 2,473 365
Nigeria 3,947 311
Malaysia 8,916
Indonesia

Bangladesh

Nigeria

Pakistan

Indonesia

Egypt

Malaysia

Turkey

tran SOz . 3 133

= Engineering = Computer Science

= Medicine = Agricultural and Biological Sciences

H Physics and Astronomy = Environmental Science

I Social Sciences ® Biochemistry, Genetics and Molecular Biology
Materials Science m Earth and Planetary Sciences
Chemistry

Figure 10. Percentage distribution of the D-8 documents by the top six subject areas per country in the 2010s (data from Scopus online
interface).

publication'” for their publications in the 2000s. Still, some of them have managed to
approximate the world’s average citations for their publications in the 2010s. Indonesia
and Nigeria have the highest ratio of uncited publications to their total output in the
2010s. Indonesia, nevertheless, stands out with the largest share of uncited publications as
a percentage of its total output in the 2010s with a share of over 40% (see Figure 9).

' Calculated as the sum of all citations to all documents indexed in Scopus divided by the total number of
publications during 2000s and 2010s.

Quantitative Science Studies 480

€20z Joquisydas 20 uo ysenb Aq ypd 6200 € SSb/80Y9E L 2/99/2/v/ipd-aoie/ssb/npa Hwioalip//:dRy wody papeojumoq



Science and research landscapes across D-8 organization member countries

Despite their remarkable growth in the number of publications over the last two decades, the
D-8 members demonstrated an inertia in bilateral research collaboration so that their pairwise col-
laborative publications did not exceed a few thousands at the outside. Still, Malaysia is the country
with whom other D-8 members collaborate more in research. Indonesia, Bangladesh, and Nigeria
have the lowest shares of research collaboration with other D-8 members (see Table 4).

A breakdown by Scopus subject area of the D-8 countries’ documents in the 2010s
revealed that all the countries have produced a substantial share of their output in engineering
and medicine. Malaysia showed the highest share of output in engineering research (~33%) as
a percentage of its total publications, while Turkey had the largest share of publications in med-
icine (~37%) as a percentage of its total publications. Other relevant research areas of activity
for most countries include physics and astronomy and computer science (see Figure 10).

5.2. Generalized Estimating Equations (GEE) Analysis
5.2.1. Iran

Multivariate GEE analysis was used to examine the likely contribution of input indicators to the
publications volume for Iran over time. The results show that each U.S.$10 million unit (see
Table 5). increase in GDP is associated with an increase of four items in the number of pub-
lications. Moreover, one unit increase in GERD per capita (in current PPP$) is associated with
713.2 items increase in publications. The results also show a positive association of the num-
ber of PhD students with the publications volume of Iran over time. Both GNI per capita and
the number of researchers (FTE per million inhabitants) have significant positive associations
with the publication volume. Accordingly, one-unit increase in the former is associated with

Table 5.  Multiple GEE analysis for Iran
95% Wald confidence interval Hypothesis test

Parameter B Std. error Lower Upper Wald chi-square  df p
(Intercept) —753,535 226,494.3 -1,197,456 -309,615 11.1 1 0.001*
Time 364.2 114.6 139.5 588.8 10.1 1 0.001*
GDP per capita (current US$) =27.7 3.8 -35.1 -20.3 54.2 1 <0.001*
GDP (current U.S.$) 4E-07 5.28E—08 2.97E-07 5.04E-07 57.593 1 <0.001*
GERD in 000 current PPP$ —0.009 0.0006 -0.01 —0.008 238.077 1 <0.001*
GERD per capita 713.2 37.8 639.1 787.4 355.6 1 <0.001*

(in current PPP$)
Human development index 25,550.5 19,560.6 -12,787.6 63,888.6 1.7 1 0.191
GERD as a percentage of GDP -11,109.8 1,195.4 -13,452.8 —8,766.8 86.4 1 <0.001*
No. of PhD students 0.2 0 0.1 0.2 441 1 <0.001*
Enrollment, tertiary education -8.1x107° 0.0006 —-0.001 0.001 0.019 1 0.891
Researchers per million 8 2 4 12 15.5 1 <0.001*

inhabitants (FTE)
GNI per capita, Atlas method 1.6 0.5 0.6 2.6 9.1 1 0.003*

(current U.S.9$)
* Significant at <0.05 level.
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£20¢ Jequeydes 20 uo jsenb Aq jpd'6¥200 & Ssb/80v9€ 1 2/99v/z/v/pd-ajonie/ssb/npe-woaiip//:dny woy pepeojumoq



Science and research landscapes across D-8 organization member countries

Table 6. Multiple GEE analysis for Malaysia

95% Wald confidence

interval Hypothesis test

Parameter B Std. error Lower Upper Wald chi-square  df p
(Intercept) 26,001.3 158,171.1  —284,008.3 336,010.8 0.027 1 0.869
Time -36.9 80.1 -193.8 120.1 0.2 1 0.645
GDP per capita (current U.S.$) —-7.6 0.4 —-8.4 —6.8 365.2 1 <0.001*
GDP (current U.S.$) 30x107 12x10°% 27x107 3.2x107 551.8 1 <0.001*
GERD in 000 current PPP$ -5.4x107 0.0007 —0.001 0.001 0.007 1 0.935
GERD per capita (in current PPP$) 40.8 24.7 -7.5 89.1 2.7 1 0.098
Human development index 84,038.4 10,506.5 63,446.0 104,630.8 64.0 1  <0.001*
GERD as a percentage of GDP -2,726.7 1,260.8 -5,197.9 —255.5 4.7 1 0.031*
Enrolment in PhD (public and private) —0.005 0.02 —-0.045 0.034 0.07 1 0.791
Enrollment, tertiary education -0.02 0.001 -0.02 —-0.015 256.7 1  <0.001*
Researchers per million inhabitants (FTE) 6.2 0.2 5.7 6.6 676.3 1 <0.001*
GNI per capita, Atlas method (current U.S.$) -0.65 0.19 -1.03 -0.28 11.8 1 0.001*

* Significant at <0.05 level.

Quantitative Science Studies

1.6 items increase in publications while one more researcher (FTE per million inhabitants) is
associated with an increase in publications of eight items.

5.2.2. Malaysia

The results of GEE analysis for Malaysia show a significant positive association of GDP growth
with publications volume so that each U.S.$10 million unit increase in GDP is associated with
an increase in publications by three items. In addition, one decimal unit increase in HDI is
associated with an increase of 840.4 publication items. The number of researchers (FTE per
million inhabitants) shows a significant positive association with the number of publications.
Accordingly, an increase of one researcher (FTE per million inhabitants) is associated with a
6.2 item increase in publications (see Table 6).

5.2.3. Turkey

The results of GEE analysis for Turkey show that GERD (in ‘000 current PPP$) has a significant
positive association with the publications volume over time. Moreover, one decimal value
increase in HDI is associated with an increase in publications by 831.5 items. The model also
reveals a significant positive association of GNI per capita with the publications volume, such
that one U.S.$ unit increase in GNI per capita is associated with an increase in publications by
1.2 items (see Table 7).

5.24. Egypt

The results of GEE analysis for Egypt show a significant positive association of GDP growth
with increases in the publication count so that each U.S.$10 million unit increase in GDP
is associated with an increase in the publications count by nine items (see Table 8).
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Table 7. Multiple GEE analysis for Turkey

95% Wald confidence interval

Hypothesis test

Parameter B Std. error Lower Upper Wald chi-square  df p
(Intercept) -4,202,885.1  929,187.5 —6,024,059.2 —2,381,711.1 20.5 1  <0.007*
Time 2,073.9 464.9 1,162.5 2,985.3 19.9 1 <0.001*
GDP per capita (current U.S.$) 5.6 3.7 -1.6 12.9 2.3 1 0.127
GDP (current U.S.$) -85x10° 53x10° -18x107 1.8x10° 2.6 1 0.106
GERD in 000 current PPP$ .004 .001 .002 .005 13.9 1  <0.001*
GERD per capita (in current PPP$) -381.0 102.9 -582.8 -179.2 13.7 1 <0.001*
Human development index 83,151.3 38,148.8 8,381.0 157,921.5 4.7 1 0.029*
GERD as a percentage of GDP 16,516.2 10,145.1 -3,367.8 36,400.2 2.7 1 0.104
Enrollment, tertiary education .002 .003 -.003 .007 7 1 0.389
Researchers per million -6.2 8.5 -22.9 10.5 .5 1 0.468

inhabitants (FTE)
GNI per capita, Atlas method 1.2 .60 .04 2.4 4.1 1 0.043*

(current U.S.$)
* Significant at <0.05 level.

Table 8. Multiple GEE analysis for Egypt
95% Wald confidence interval Hypothesis test

Parameter B Std. error Lower Upper Wald chi-square  df p
(Intercept) —1,145,885 845,010.4 -2,802,075 510,305.2 1.84 1 0.175
Time 595.2 441.57 —270.3 1,460.6 1.82 1 0.178
GDP per capita (current U.S.$) -7.2 2.89 -12.9 -1.5 6.2 1 0.013*
GDP (current U.S.$) 9.4x10°% 35%x10° 254x10°  1.63x107 7.22 1 0.007*
GERD in 000 current PPP$ 0.00206 0.001092 -8.1E-05 0.004201 3.56 1 0.059
GERD per capita (in current PPP$) 59.6 129.26 -193.8 312.9 0.21 1 0.645
Human development index -62,337.6 65,071.72 -189,876 65,200.6 0.92 1 0.338
GERD as a percentage of GDP -19,508 7,761.23 —34,719.7 —4,296.2 6.32 1 0.012%*
Enrollment, tertiary education 0.0002 0.001 —-0.0024 0 0.02 1 0.886
GNI per capita, Atlas method =1.1 1.35 -3.8 1.5 0.71 1 0.400

(current U.S.$)
* Significant at <0.05 level.
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6. DISCUSSION

6.1. Socioeconomic Status and Research Performance of D-8 Countries

The present study shows marked differences in the socioeconomic status and research perfor-
mance among D-8 countries over the last two decades. Both GDP, as a measure of a country’s
wealth, and GDP per capita are noticeably different among the D-8 countries. Turkey and
Malaysia had the highest average GDP per capita over the last two decades and clearly stood
out, as upper middle-income economies, from the rest of the cohort. All countries, however,
enjoyed a higher average GDP per capita in the 2010s compared to the preceding decade,
with Indonesia and Bangladesh recording the highest growth rates of 163% and 144%, respec-
tively. Malaysia, Turkey, and Iran had the highest average HDI scores in the last two decades.
Egypt was on a par with Indonesia, while Pakistan, Bangladesh, and Nigeria had lower aver-
age HDI scores. Moreover, Malaysia and Turkey spent the highest share of their GDPs on
R&D, and hence were the top performers in R&D intensity among the cohort. In sum, Malaysia
and Turkey consistently outperformed other D-8 countries in GDP per capita, HDI, and R&D
intensity over the last two decades. Nevertheless, the average R&D intensity in all D-8 coun-
tries, even in the top performers, is still far below the world average.

Trained human resources engaged in R&D are an important asset in the knowledge econ-
omy. Iran in the 2000s and Malaysia in the 2010s enjoyed the highest ratios of FTE researchers
per million inhabitants among D-8 countries, while Malaysia and Turkey both stood above the
world average of FTE researchers per million inhabitants in the 2010s. The results reveal that
the higher education (HE) system has dramatically expanded in the D-8 countries over the past
two decades. However, the sharp year-over-year increases in the number of enrollments in
tertiary education sometimes stumbled, with periods of downtrend in some D-8 countries,
especially in the latter half of the 2010s. This may raise a concern as to the sustainability of
the HE system in these countries and may disturb the continuous supply of skilled human
resources to the science system and the economy. PhD students/enrollments, however,
showed a consistent uptrend in both Iran and Malaysia, with an increase rate of over seven
times in the former and four times in the latter by the end of the 2010s against the baseline year
of 2005.

Academic research and publishing are ways to transfer scientific knowledge into the realm
of the economy ( ). Starting from a low base in the first half of the 2000s, the
D-8 countries gradually increased their publication outputs, though at different paces, with
Turkey standing out from the rest. Indonesia, Malaysia, and Iran recorded the most marked
growth rates in their number of publications in the 2010s. There are sharp differences among
countries in publication volume as, for instance, the decade-long aggregate publication count
of Bangladesh in the 2010s is smaller than Iran’s publication output in 2014. Consistent with
the global trend, research has become progressively collaborative in the D-8 countries over
the last two decades. According to , the num-
ber of authors per paper has doubled over the last decades. They also found a direct associ-
ation between economic development and the growth of research output. In the past two
decades, the D-8 countries published more multiauthor papers than the world average.
Regarding research impact, only Indonesian publications were on a par with the world
average of citations per publication for papers published in the 2000s. Still, Indonesian pub-
lications showed a relatively large loss of impact in the 2010s. For publications of the 2010s,
however, many other D-8 countries showed a citation impact close to the world average.

The findings reveal a meager share of pairwise research collaborations among the D-8
countries over the past two decades. The numbers of collaborative publications among
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D-8 countries are sometimes as small as a few hundred for the whole period, which
might result from a lack of determined plans informed by a higher-order policy framework
to encourage research collaboration. A lack of sufficient ties among the member countries
is also manifest in their trade relations. contended that “trade transactions
between the [D-8] members in the past decade [2000s] shows that the growth of member
countries’ trade transactions with the countries outside of the [D-8] group has been higher
than the growth with the [D-8] member countries” (p. 6167). The findings further showed
that D-8 countries mostly plotted their research trajectories around medicine and engi-
neering in the 2010s. Taken together, they collectively published around 24% and 23%
of their research in the fields of medicine and engineering, respectively. Computer science
and physics and astronomy were two other research areas of large activity, accounting for
around 13% and 12%, respectively, of the collective scholarly output of the D-8 countries
in the 2010s.

6.2. Contribution of STI Input Indicators to the Publication Output in D-8 Countries

In this study, GEE analysis was used to examine the contribution of STI indicators to the pub-
lication volume in the D-8 countries. The results showed that GDP, GERD per capita, the
number of PhD students, the number of researchers (FTE per million inhabitants), and GNI
per capita had significant positive associations with the publications volume in Iran over
time. For Egypt, GDP showed a significant positive association with the volume of research
output over time. For Turkey, GERD, HDI, and GNI per capita showed significant positive
associations with the publication output. For Malaysia, GDP, HDI, and the number of
researchers (FTE per million inhabitants) had significant positive associations with the publi-
cation volume over time. The results of GEE analyses are partially consistent with the findings
of who reported that GERD share was the most significant
predictor of national research publication output. The input effects in the statistical models
demonstrated how national wealth, R&D expenditure, the stock of researchers, and human
development could contribute to knowledge creation in service of the knowledge economy
in some D-8 countries. Earlier research has suggested that not only binding publication
policies ( ) but also the broader social, political, and economic circum-
stances can affect the volume of research output of the countries. , p. 4) wrote
“Iran’s research output declined during the first half of the 1980s under the influence of the
Irag—Iran War ..."” but started to grow markedly since the 1990s. , p- 13) reported
that the economic sanctions imposed on Iran since 2018 severely affected the research
system, leading to a cut in budgets for “... equipment, supplies and travel ...” and barring
international collaboration. The science system of Egypt also suffered “... decades of under-
investment, poor planning of the way research funds are spent, excessive bureaucracy, unin-

spiring curricula and political meddling ...” ( ). Nevertheless, soon
after the Arab Spring led to the Egyptian revolution, the new government pledged to boost an
important input to the STI system of the country, R&D expenditure ( ). Eco-

nomic crises may also take their toll on the STI system; for example, Malaysia’s GERD as a
percentage of GDP dropped markedly in 2008 compared with that in 2006 due to the global
financial crisis and an oil price hike ( ). All these macrolevel forces
that bear on the STI system may have their eventual impact on research output, which may
serve as topics for future research.

Research has shown bilateral relations between knowledge production and economic
growth in the countries. On the one hand, investment in R&D is found to be a strong predictor
of the research publication volume ( ). On the other hand, the growth of
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scientific publications can predict some percentage of annual economic growth (

). The present findings reveal a number of domains where the strengths of
the D-8 countries lie. They are among the largest economies in their respective geopolitical
regions. The standard of living, measured through HDI in this study, has been on the rise in
these countries, though at different paces. They have managed to expand their HE systems to
secure a continuous flow of trained human resources in their economy and science system.
They have often expressed their policy intention to increase their R&D investment through
higher expenditures. Accordingly, they have realized marked growth rates in knowledge cre-
ation and publications over the last two decades. The countries, however, should be able to
accommodate the sizeable growth in the stock of skilled HR in their economy and R&D sys-
tems. In addition, there are certain areas for synergy among the countries within the policy
context of the D-8 organization. Not only technical knowhow but also R&D infrastructure
could be shared among the countries through joint R&D initiatives. The science systems suffer
certain deficiencies in the D-8 countries, however. They often allocate a small portion of their
GDP to R&D, which is far below the world average. Moreover, considering the volume of their
research output, these countries have already shown enormous inertia in mutual research
collaborations.

However, one should note that development of R&D initiatives is not the only driver of
socioeconomic development. Rather, many other factors contribute as well, including, but
not limited to, human resources, foreign investment, engineering knowledge, infrastructures,
technology transfer, and innovation collaborations with multinational companies. Therefore, it
remains to be seen how the growth of academic research output and overarching research
collaboration policies may contribute to macroeconomic indicators, sustainable development
and productivity in the D-8 countries. As maintained by , cross-border STI coop-
eration requires unswerving commitment by the governments. In the same vein, effective over-
arching STI governance is of prime importance in the D-8 context. Addressing the need to rise
to the current global challenges through innovative synergetic efforts, the D-8 Global Vision
(2012-2030) ( ) puts at its core collaboration in priority areas as well as
the south—south cooperation cause among the member countries to support their long-term
sustainable economic development.

7. LIMITATIONS OF THE STUDY

All analyses and deductions were made based on the data extracted from UIS, OICStat, and
Scopus databases. Where noted, other sources were used and cited, such as the World Bank,
OECD, and national STI scoreboard reports. Nevertheless, UIS and OICStat were the main
sources of data on STl input indicators to ensure the consistency and comparability of the data
across countries. The data on some input indicators, however, were missing in the series for
some years, which was a major limitation. Data deficiency effectively restricts the possibility of
presenting a full collective STI profile of the countries under study. With more comprehensive
data, it would be possible to present more collective perspectives in future research agendas.
Although Scopus is one of the largest bibliographic databases, it is likely that D-8 countries
also publish a sizeable volume of their research in local periodicals in native languages or in
journals not covered by Scopus. All deductions, however, are made with this caveat in mind in
this study. Any decision by Scopus to curb or further expand its coverage of the journals in the
future or changes in the publication dynamics at the global level will potentially change the
publication counts at all aggregate levels.
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