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Abstract

Effective governance of Science, Technology,
and Innovation (STI) requires the design
and deployment of systematic monitoring
and evaluation (M&E) frameworks. Such
frameworks enable continuous performance
tracking, resource allocation optimization, and
evidence-based policy adjustment. However,
most existing studies focus on the theoretical
design phase, with limited attention to the
empirical validation of these frameworks in
real-world contexts. This gap is particularly
critical in developing countries with evolving
STI governance systems, including Iran. The
Supreme Council of Science, Research and
Technology (ATF) of Iran, as a key high-
level policymaking body, has developed three
successive generations of national M&E
frameworks (referred to as “periods” in this
study) over the past two decades. The first
period (2009-2016) focused on intervention
logic and budget-based indicators, leading
to the establishment of the national SAMAT
system. The second period (2017-2024)
introduced a functional analysis approach
with 112 indicators for analyzing the National
Innovation System. The third period, recently
designed based on a value chain approach and
a three-quadrant evaluation model (efficiency,
effectiveness, impact), comprises 40 selected
indicators. A distinctive feature of this third-
period framework, grounded in the design
science paradigm, is the integration of the “Beta
Test” —a continuous design-test-redesign cycle
activated before formal deployment to ensure
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that the framework is not only theoretical but
also operational and learning-oriented. Despite
its theoretical richness, the third-period
framework lacks empirical analysis based
on real-world data regarding its adaptability,
implementability, and associated challenges.
This study aims to fill this gap by empirically
validating the framework using actual data
from national and international sources during
Iran’s Sixth Five-Year Development Plan
(2017-2022). The findings aim to provide a
foundation for establishing a “smart national
STI M&E system” in Iran and to transform
ATF’s structured experience into an influential
model for STI policymaking at both national
and regional levels.

This research is grounded in a pragmatic,
mixed-methods design combining quantitative
trend analysis with qualitative expert judgment,
framed within the design-science research
paradigm. This methodology is uniquely
suited for creating and evaluating “artifacts”
(here, the M&E framework) intended to solve
complex practical problems. The validation
involved an indicator-by-indicator analysis of
real-world performance from 2017 to 2022.
Data for all 40 indicators were systematically
extracted from authoritative national sources
(including the Plan and Budget Organization,
Ministry of ATF, and the Statistical Center of
Iran) and international databases (including
UNESCO, WIPO, World Bank, OECD).
For each indicator, the Compound Annual
Growth Rate (CAGR) was calculated using
the formula: CAGR = ((End Value / Start
Value)*(1/Number of Years)) - 1 (CFI,
2023). A dual-criteria evaluation matrix was
then applied: (1) comparison of calculated
CAGR against quantitative targets in the
national development plan; and (2) alignment
with international standards (e.g., Frascati
Manual, Oslo Manual) using a compliance
score and the DAB index (Accessibility,
Analyzability, and Being up-to-date). A panel
of five senior experts — including STI policy
academics, former ATF officials, and national
STI reporting practitioners — was convened.
Through semi-structured discussions, the panel
examined quantitative results to diagnose
root causes of poor performance, identify
field-level data governance challenges, and
assess the perceived relevance and feasibility
of proposed indicators from an end-user
perspective. Content validity was ensured by
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directly adopting the indicator framework

from the original design report. Reliability was

addressed through transparent documentation
of all calculation steps and structured,
documented expert elicitation processes.

The empirical validation revealed a dualistic

outcome with several key findings:

@ Theoretical Strength: The average alignment
of indicators with international standards
(OECD, Frascati, and Oslo) was 85%. This
alignment was strategically distributed:
97% for the efficiency quadrant, 67% for
the effectiveness quadrant, and 92% for the
impact (utility) quadrant. This distribution
indicates a deliberate design focus on
measuring final socio-economic outcomes.

& Empirical Performance Deficiency: The
actual performance of Iran’s STI system,
as measured by the framework, was
predominantly “weak.” The weighted
average CAGR across all 34 indicators
(out of 40 with sufficient data) was 1.7%.
Performance across quadrants showed:
efficiency (CAGR: 1.5%), effectiveness
(CAGR: 1.8%), and impact (CAGR: 1.7%),
all rated as “weak.” Out of 34 indicators with
available data, 21 fell into the “weak” or
“very weak” categories. Only one indicator
(number of knowledge-based firms relative
to targets) was rated “excellent,” and two
were rated “good.”

@ Critical Implementation Challenges: Major
operational barriers were identified, centered
on data governance deficiencies. Key issues
included low DAB scores (particularly
in the impact quadrant), fragmentation of
information systems, and lack of institutional
coordination in data collection. Consequently,
6 out of 40 proposed indicators could not be
analyzed due to the complete absence of
reliable time-series data.

& Key Innovations: The integration of the
“Beta Test” (design-test-redesign cycle)
was highlighted as a crucial mechanism
for iterative learning and adaptation. The
strategic reduction of indicators from 112
(second period) to 40 (third period) was seen
as a pragmatic response to data capacity
constraints and a move toward a more
focused, impact-oriented M&E system.
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This study concludes that Iran’s third-period
STI M&E framework is a well-designed,
internationally-aligned “design artifact” with
significant potential to serve as a model for
evidence-based STI governance. The average
85% alignment with international standards,
particularly the 92% alignment in the impact
quadrant, demonstrates theoretical robustness
comparable to third-generation frameworks in
countries like Turkey (TUBITAK) and South
Korea (NRF). The strategic reduction from 112 to
40 indicators and the innovative integration of the
Beta Test represent important advances.
However, successful implementation and
policy impact are highly conditional. The
actual performance of Iran’s STI system
remains “weak” (1.7% weighted average
CAGR), with only marginal improvements in
effectiveness and impact quadrants compared
to efficiency. The most critical bottleneck
is not framework design but national data
governance infrastructure. Low DAB scores,
fragmented information systems, and a lack of
institutional coordination severely undermine
the framework’s operational potential.

Therefore, three interdependent

recommendations are proposed for short-term

implementation:

@ Operationalize the Beta Test as a genuine
learning and adaptation cycle, focusing on
overcoming data accessibility barriers in the
effectiveness and impact quadrants.

® Develop and mandate a “National STI Data
Governance Policy” establishing unified
standards, legal obligations, and transparent
data-sharing protocols across all relevant
institutions (including the Statistical Center,
Central Bank, specialized ministries, and
universities).

@ Create explicit links between M&E results
and resource allocation mechanisms, even
experimentally during the pilot phase, to
demonstrate practical value for stakeholders
and incentivize data quality improvement.

Without these parallel institutional and process-
oriented reforms, the framework risks remaining
a sophisticated but underutilized document,
unable to break the cycle of “good design, weak
implementation, and negligible impact” on Iran’s
innovation system. The modest but encouraging
growth in effectiveness (1.8%) and impact (1.7%)

relative to efficiency (1.5%) suggests the system
has capacity for longer-term outcomes, but this
trajectory requires decisive acceleration through
data infrastructure and institutional strengthening.
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1. Compliance Score
2. Data Accessibility, Analyzability, Being up-to-date
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1. Predictive Intelligence
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