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ABSTRACT

Objective: Knowledge-based economy is recognized as one of the main pillars of sustainable development
and a driving force for innovation and entrepreneurship in today’s world. The competitive advantage of
countries is no longer primarily dependent on natural resources; rather, technological capabilities, the level
of innovation, and the quality of knowledge-based infrastructure are considered the main determinants of
national success. In this context, countries that can efficiently allocate their limited resources toward
knowledge and technological development are capable not only of increasing productivity but also of
creating the necessary environment for the growth of innovative and knowledge-based entrepreneurial
activities. Therefore, assessing the efficiency of the knowledge-based economy in comparison to other
countries holds not only theoretical importance but also practical and policy relevance for managers,
policymakers, and entrepreneurs. Despite the high significance of this topic, a review of the literature
indicates that most previous studies have been limited to simple Data Envelopment Analysis (DEA)
models and have treated the internal structure of the knowledge-based economy as a black box. In response
to this gap, the present study aims to design a systematic, multi-stage model capable of evaluating the
efficiency of countries’ knowledge-based economies with greater precision, taking into account their
internal complexity and multi-dimensional structure.

Method: In this study, three fundamental stages in the realization of a knowledge-based economy were
first identified using the Results-Based Management (RBM) approach. These stages correspond to short-
term, medium-term, and long-term results. For each stage, a set of input and output indicators was selected
based on a thorough review of literature, analysis of international reports such as KAM, GlI, and GKI, and
consultation with both domestic and international experts. The indicators were categorized according to a
hierarchical structure and thematic overlap to enable the use of advanced models. Subsequently, a multi-
layer Data Envelopment Analysis (Multi-layer DEA) model was employed. Given the multi-dimensional
nature of the knowledge-based economy and the multiplicity of indicators, this model provides greater
discriminative power compared to classical DEA models and ensures that essential expert-selected
indicators are maintained while the computational precision of the analysis is preserved. The study’s data
pertains to 25 developing countries, including Iran, for the period 2016-2020, with averages calculated
over the five years. The designed model allowed for the evaluation of countries’ efficiency both at each
stage and in overall terms, enabling a comprehensive comparison among the selected countries.

Results: The results indicate that Iran outperformed the average of the examined countries across all three
defined stages. In the first stage, which represents the short-term outcomes of the knowledge-based
economy, Iran achieved high efficiency by utilizing its existing institutional, human, and infrastructural
capacities more effectively than its peers. In the second stage, which reflects medium-term outcomes,
Iran’s efficiency score slightly decreased but remained above the average level of the other countries. In
the third stage, encompassing long-term outcomes, Iran’s performance was relatively lower compared to
the previous stages; however, it still exceeded the average of the selected countries. When considering
overall efficiency, Iran obtained the highest score among the countries analyzed. This superiority is not
only attributable to its high performance in individual stages but also reflects a relative balance across all
three stages. In contrast, some countries demonstrated strong performance in one or two stages but had
lower overall efficiency due to a lack of balance among the stages. Overall, the multi-layer analysis, which
considers the hierarchical structure of indicators, not only overcomes the limitations of simple DEA
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models in handling numerous indicators but also facilitates the identification of strengths and weaknesses
of each country at various stages of knowledge-based economic development.

Conclusion: This study, by presenting a conceptual framework based on the Results-Based Management
approach and utilizing a multi-layer DEA model, takes a significant step forward in evaluating the
efficiency of national knowledge-based economies. Unlike previous studies, which assessed the
knowledge-based economy as a black box, this research analyzes its internal components across three
separate stages to clarify the contribution of each stage independently. The results demonstrate that Iran
not only achieved the highest overall efficiency but also maintained a relative balance across the three
stages, a factor that is crucial for achieving sustainable development. This balance indicates that Iran has
been able to manage its resources in a way that simultaneously improves short-, medium-, and long-term
outputs. Practically, the findings of this study can serve as valuable guidance for policymakers and
planners. From an entrepreneurial perspective, the study highlights the critical importance of a knowledge-
based economy in creating a stable foundation for the growth of innovative and technology-driven
businesses. The balance among the various stages of the knowledge-based economy, particularly in terms
of optimal resource utilization and the generation of sustainable results, creates favorable conditions for
entrepreneurs to transform innovative ideas into knowledge-based products and services. Accordingly,
policymakers can leverage these findings to design more effective strategies for supporting entrepreneurs
and allocating resources to high-impact activities.
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Figure 3. The conceptual framework of the GKI
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Table 2. Results, Categorization of Results, and Internal Stages of the Knowledge-Based Economy

Sl sl sl Sl g asls

3G 5 e sl 5o ik

Ol o 3 dxw g3
C\):;'-l S slaaal,lghl

st Lgl.acjla el Lebl

RVRES ng;/CJL/J}M/L;;l;
s S sl

23 Sosl 5 5 s 5 G 55 Sl lS 5 S (S5

Sl glacs 2 o6 s, sees sl slaes b ad,

LS o A5 L Dledst 3V &S placs s

658 Sl il 658 Sl sladens

1. Knowledge Economy Index (KEI)



(329571 5 (polic) ... drwsd Sl 33 (S8 195yl § O 3] Oy sl alais/ Db sy

Ol il Dleas s Jlesl
Jlzl
5 Ok il L 5 S ane g Stz 03538 3
Lae) (3bacs sl 0353l (55 Sl 053 25
by 5 e gme (5o L A5 en g8l )
bl s, Sl LAl oy aVle s,

Slarls sl oS 13 s S oS ol il S L 30y s " S e Sl alslbl”
(Lled ghodaiwd JJB Ml ‘)\5‘5;.,\.,..5 .]a.:m ‘U’?"}S cC,;-LwJ.i) ‘L;JLV-\J‘ So ;JG 33 &S sl 6)‘51@},-

%J;Mipajj@d@&bbw‘c{b°ﬁ)v§; w.,\;).,\...SL;a La.i| b (6.3})‘5) Lbo:L@_;ﬂ

(OUTPUTS) (OUTCOMES) IMPACTS)

dlvdls 1o o oiludl (g9 Sl bl 7 bl Jguame] udls @ eolaBlal, @
S ESPON ER AT P oWl g alaay @ A Juzsl e
ety b Lusys o3 slaslS g e 039331 b3, @
5 o Sle vl
5 5 . & D S dal o

(B85 SBABL @ xi0) Oy w310 Sladl zuls o iy £ b
Figure 4. Results Chain of the knowledge-based economy (Source: Research Findings)
9580 Jo oSS 9 el (gmls o iy wlel p B s o leil> F.F
b e 35 S e ol slagass Olyea Jad e slaiatle slo ol 5 il o i i Sl
b Jools esgie Jde s ol e 53 5 ghuanes (Lasme Lol ge 5 astla i 5) al> o 4 S i
Sle e 8 L ERBM 5 sy ol e Olis jils slasl glal> e sbol L;l;fﬁj.x.idiL@.;jcwl o8 =
el 0l LIV L0 s K5 B s Ol ji0s slabl a0 sl

AS

Aroen-paly/sdny



Aroenpaly/sdny

1£+£ 00yl 1 A0 99 Q;Q}Db’@}f

i 32) LR iy slaaie -

= A opmen A el
sl slacsyl

FUESP P ST - P

(h33) (it 3 pale 1 e gilonil 4slen

Lapia jpe | Slbome s I8 Giiad
52 penmindls A sl i @ .
laidls gyeel M
\\
Rl gl Slyd 55458 A ‘

! - dy eke Ve e
(GDP ;1 sy 3) alsiils gl 5 i3 :—1.5 - uk )
sl Al AllSl 5 Feyzn e Slighad g ohagsy 5 . e . 2ils 5l & :
.1_\;‘:”:’”&.. s r -:-L._,.,JL:U;‘;,.TJ;__._) trwgi g fudngi g s oieils 5T g ] rigalicd

4 4 L N
Sl o ot colnaalipLyil o
&slad lacs s s 4 (GDP = e Liciga 5o o
Ay ) Zyhd ) edudipali 2,5 @ . ’
r
(GDP 1 K
PERCETENCIN L+ ERPN LWL ] ‘ . .
- &3l led g Jalei
ARy g Ehed - )
528§ g Anwgi

et arwai cundy

ﬁw%ﬁmeﬂ”ﬁ&sﬁ@‘oaw;@w&ﬁ g@ylaawaglbﬁgQ3;| =090 Jow .0 IS

(Beiod Sl o) (4mi
Figure 5. The conceptual model for assessing the first stage of Knowledge-Based Economy
(producing of short-term results, based on the RBM approach), (Source: Research Findings)

e 48 el " Sl Ol 45 dmw s 5 i 5 e Sosel 5o Easn idde Ul e e 0 IS ullas
J_}Jadﬁ olowiw C‘j:}‘ C«S_j Jlie Slsted ‘Lf."é-j JA.GCJYLEA ‘_QLAU.A}-LJL:) J_}.&L;c LI:”""’ LSJJI"\iJ‘:’. @
)SJQJ..JJ‘&;ﬂJE&‘P‘V.AJJAl:J)c gt 350 Sldl aglo o ¢ lagh au s i a3 A el lags g

.;ﬁdﬁfwL;u;@;\fjguu;,ﬁﬁs@\g@;}a)ﬁﬁ@Jﬂa}fwdw



(329571 5 (polic) ... drwsd Sl 33 (S8 195yl § O 3] Oy sl alais/ Db sy

S8ty ot/ Syt 5513 Lo g3l E e
L ETOY PRI Ep e SO K C ) Prees
el el 52 5yld e

UYL RO < gy FACHES PP

3z, 3l )T ale

ol 53 LSl slani e

~ o . ~tags il asls &gl Jlas
(Swsem s ok sb 8l il SR SR Ikl Jparal i s Tl sl e
5 N [ s Iy [ YO Sy 1 1.5 4
wsled glacsn o2 L hg e ()l &) FF ! agas adgl bt il sl gl o
(ol oR ity 51 s 2) ~ \
s, .
- A ]
S Vv
T il 35 6 it i i 335 # “A
(GDP 1 sy gl . . .
i Ly 0t g 13 g L 3,5 § Anmy 9 Faice hosd g VI 4 lacS,ie
e T ] N = . . .
(2us,3) lond slacs, sodaiaiaie L GleSiSpsaly 0 lollas A e et agae
l 3= Fand M M
- 3 - " FLERNE E YN SN 4
PYESEEN I I G N ST (galed Iy 32 &l ST SRS i
- ) ) I P P )
(e 3) 225 e 2y g Aemnd =7 ? ?
laess) 2ol jlea s paly 5,5 e /i\
(GDP e i
I, !
I
- I
3% Sl g olSliils oy lSan® " u I
Lo Gl I3l g fala § oS o, ®
Ayl g ko e . 355 S T 53 ceSle gla ey
Sladipd sl Soniy e LR R T [k 51 ey 2)
sy pele Yl

sl ol Lasil gl pasta e

glralond claaali Ll »

P S g 35509 g (S DO B W g) Ol sl SlaBl pgd Al o (b3l (pgede Jow T JKS

(Beiod SABL : i) o doms
Figure 6. The conceptual model for assessing the second stage of Knowledge-Based Economy
(producing of medium-term results, based on the RBM approach), (Source: Research Findings)
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Figure 7. The conceptual model for assessing the third stage of Knowledge-Based Economy
(producing of long-term results, based on the RBM approach), (Source: Research Findings)
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