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Exploratory Analysis: Organizational Agency Composite Index — Construction, Validity, and Associations with EMS Performance
1. Purpose and Analytical Context
This additional file presents a detailed description of the organizational agency composite index and all analyses involving this index. As stated in the main manuscript, these analyses are explicitly exploratory and hypothesis-generating. They are not intended to provide confirmatory evidence about the determinants of emergency medical service (EMS) performance. Rather, their purpose is to:
· Operationalise a theoretically grounded proxy for organizational agency,
· Report its empirical association with EMS performance in the current sample,
· Generate testable hypotheses for future research in larger, adequately powered studies.
Important inferential limitations:
· The composite index and EMS performance measures were derived from the same institutional survey data, introducing potential common-method bias.
· The sample size of leading hospitals (n=11) provides only ~45% power to detect moderate correlations (ρ=0.50). Therefore, all effect sizes and p-values reported here are unstable and should be interpreted with caution.
· No causal claims are made; the reported associations are purely correlational and may be confounded by unmeasured county- or institution-level factors.

2. Methods
2.1 Theoretical Dimensions and Indicator Mapping
The composite index operationalizes three theoretical dimensions derived from the organisational literature:
	Theoretical Dimension
	Definition
	Sources

	Strategic Prioritisation
	Leadership's explicit allocation of attention, resources, and planning to emergency services.
	Mintzberg (1978) [17]

	Process Innovation
	Adoption and diffusion of new care protocols, referral pathways, and information system tools.
	Damanpour (1991) [18]

	Accountability Mechanisms
	Establishment of regular audit-feedback systems, performance dashboards, and clear lines of responsibility.
	Emanuel & Emanuel (1996) [19]


Each dimension was mapped to observable institutional practices through binary indicators (scored 0 or 1).
2.2 Indicator Selection and Scoring
Leading Hospitals (n = 11)
The composite index comprised six indicators (two per dimension):
	Dimension
	Indicator
	Scoring

	Strategic Prioritisation
	1. Presence of a dedicated emergency department improvement plan for the calendar year
	1 = yes, 0 = no

	Strategic Prioritisation
	2. Explicit inclusion of emergency capacity building in annual assistance plans for member institutions
	1 = yes, 0 = no

	Process Innovation
	3. Electronic referral system deployed and utilisation rate above the sample median (>58%)
	1 = both conditions met, 0 = otherwise

	Process Innovation
	4. Adoption of at least two standardised emergency protocols (e.g., triage, STEMI, stroke, trauma)
	1 = ≥2 protocols, 0 = otherwise

	Accountability Mechanisms
	5. Presence of regular audit-feedback systems for emergency care (quarterly or more frequent)
	1 = yes, 0 = no

	Accountability Mechanisms
	6. Designated personnel (individual or team) responsible for referral coordination with member institutions
	1 = yes, 0 = no


The total score (0–6) was rescaled to a 0–10 scale: Index = (sum/6) × 10.
Member Institutions (n=33)
The composite index comprised four indicators:
	Dimension
	Indicator
	Scoring

	Process Innovation
	1. Platform access to the electronic referral system
	1 = yes, 0 = no

	Process Innovation
	2. Regular use of the electronic referral system (≥1 referral documented per month)
	1 = yes, 0 = no

	Accountability Mechanisms
	3. Receipt of regular performance oversight from the leading hospital (quarterly feedback reports)
	1 = yes, 0 = no

	Accountability Mechanisms
	4. Participation in at least two joint training sessions with the leading hospital annually
	1 = yes, 0 = no


The total score (0–4) was rescaled to a 0–10 scale: Index = (sum/4) × 10.
2.3 Reliability and Validity Assessment
Internal consistency was assessed using Cronbach's α coefficient.
· Leading hospitals: α = 0.74
· Member institutions: α = 0.71
These values are acceptable for exploratory composite measures (threshold ≥0.70) [26].
Inter-coder agreement for classifying each proxy indicator into its corresponding theoretical dimension was assessed on a random subset of 5 institutions by two independent researchers.
· Cohen's κ = 0.82 (95% CI: 0.71–0.93), indicating strong agreement.
Content validity was ensured through:
· The indicator pool was derived from the same Delphi expert panel that developed the main evaluation system; experts reviewed and approved the mapping of indicators to theoretical dimensions.
· All indicators were judged by at least 80% of experts as "relevant" or "very relevant" to the construct of organisational agency.
Construct validity was further supported by the pattern of correlations: the process innovation sub-index showed the strongest correlation with the process dimension of EMS performance (ρ=0.83, see Table S2-3), consistent with theoretical expectations that agency operates primarily through process improvement. However, this remains an exploratory observation.

3. Results
3.1 Descriptive Statistics of the Composite Index
	Group
	n
	Mean
	SD
	Range

	Leading hospitals
	11
	5.61
	2.54
	1.67 – 10.00

	Member institutions
	33
	4.02
	2.83
	0.00 – 8.75


3.2 Comparison of High- vs. Low-Agency Institutions
We divided institutions into high- and low-agency groups using the median split (leading hospitals: median = 6.0; member institutions: median = 4.0). Table S2‑1 presents the comparisons of overall EMS performance (Ci) between groups.
Table S2‑1. Comparison of overall Ci between high- and low-agency institutions
	Group
	Agency level
	n
	Mean Ci (SD)
	Mean difference
	Cohen's d
	p‑value*

	Leading hospitals
	High (≥6)
	5
	0.610 (0.092)
	0.145
	1.81
	0.009

	Leading hospitals
	Low (<6)
	6
	0.465 (0.066)
	
	
	

	Member institutions
	High (≥4)
	17
	0.468 (0.098)
	0.118
	1.23
	<0.001

	Member institutions
	Low (<4)
	16
	0.350 (0.093)
	
	
	


*Independent samples t-test (two-tailed). p-values are reported for descriptive purposes only; given the exploratory nature, they should not be interpreted as confirmatory hypothesis tests.
3.3 Correlation between Composite Index and EMS Performance
Spearman's rank correlation coefficients were computed between the composite index and overall Ci, as well as subdimension Ci scores.
Table S2‑2. Spearman correlations between organisational agency composite index and EMS performance dimensions
	Level
	Overall Ci
	Structure Ci
	Process Ci
	Outcome Ci

	Leading hospitals (n=11)
	0.78 (p=0.005)
	0.65 (p=0.031)
	0.81 (p=0.002)
	0.59 (p=0.056)

	Member institutions (n=33)
	0.69 (p<0.001)
	0.51 (p=0.002)
	0.73 (p<0.001)
	0.55 (p=0.001)


Note: All tests are two-tailed. Given the exploratory design and small sample, p-values should be viewed as suggestive rather than definitive.
3.4 Dimension-Specific Associations
To understand which aspect of agency was most closely associated with performance, we decomposed the composite index into its three theoretical sub-indices (for leading hospitals only, as member institutions had only two dimensions). Table S2‑3 presents the correlations of each sub-index with overall Ci and subdimension Ci.
Table S2‑3. Leading hospitals: Spearman correlations between theoretical sub-indices and EMS performance (n = 11)
	Sub-index
	Overall Ci
	Structure Ci
	Process Ci
	Outcome Ci

	Strategic Prioritisation
	0.62 (p=0.042)
	0.48 (p=0.134)
	0.65 (p=0.030)
	0.53 (p=0.094)

	Process Innovation
	0.83 (p=0.002)
	0.71 (p=0.015)
	0.89 (p<0.001)
	0.66 (p=0.027)

	Accountability Mechanisms
	0.71 (p=0.014)
	0.58 (p=0.061)
	0.76 (p=0.006)
	0.55 (p=0.079)


Note: The process innovation sub‑index shows the strongest correlation with the process dimension of EMS performance, which is consistent with theoretical expectations but should be treated as a hypothesis‑generating pattern.
3.5 Cross‑Level Relationship
We also examined whether the agency scores of leading hospitals were correlated with the mean agency scores of their corresponding member institutions. Spearman's ρ = 0.65 (p = 0.030, n=11 counties), indicating a positive association. However, two counties (G and E) showed notable deviations, suggesting that county‑level factors (e.g., local health bureau coordination, geographic proximity) may moderate this relationship. This observation is purely descriptive and warrants further investigation.

4. Discussion of Exploratory Findings
The exploratory analyses presented here suggest the following patterns:
(1) Agency‑performance association: The organisational agency composite index showed moderate‑to‑strong positive correlations with EMS performance in both leading hospitals and member institutions. The large effect sizes (Cohen's d >1.2) are notable, but they should be interpreted with extreme caution due to the small sample and potential common-method bias.
(2) Dimension‑specific patterns: Process innovation showed the strongest correlation, followed by accountability mechanisms and strategic prioritisation. This gradient—that process-oriented agency investments correlate most closely with performance—is consistent with the main diagnostic finding that process deficits are the primary bottleneck.
(3) Incomplete alignment: Cross-level correlations suggest that the leading hospital agency may partially "trickle down" to member institutions, but the relationship is not deterministic, as evidenced by outlier counties.
These patterns generate several testable hypotheses for future research:
· H1: Formal hospital grade is not a sufficient predictor of EMS performance in resource-limited regions; process-oriented organisational variables substantially improve prediction.
· H2: Organisational agency—particularly process innovation—mediates the relationship between institutional capacity and service performance.
· H3: County-level governance capacity moderates the effect of leading hospital agency on member institution performance.
Critical limitations specific to this exploratory analysis:
· Cross‑sectional design precludes causal inference; reverse causation (higher-performing institutions attract more capable leadership) cannot be ruled out.
· Common‑method bias inflates correlations because both agency indicators and performance measures come from the same survey instruments and institutional respondents.
· Small sample size (n=11 for leading hospitals) makes the estimates highly sensitive to outliers; replication in larger samples (≥50 leading hospitals) is essential.
· Unmeasured confounding at the county level (e.g., fiscal capacity, geographic accessibility, political will) may account for some or all of the observed associations.
Therefore, we emphasise that these findings are strictly hypothesis-generating. They should not be used for performance benchmarking, policy targeting, or resource allocation without independent validation. Their primary value is to inform the design of future longitudinal or quasi-experimental studies that can more rigorously test the role of organisational agency in health system performance.
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6. Data Availability Statement (for additional file)
The raw data used for these exploratory analyses are included in the main study dataset and are available from the corresponding author upon reasonable request, subject to institutional data sharing policies.

7. Table S2. Association between leading hospitals and corresponding member institutions (inter-tier performance alignment)
	Leading hospital
	Overall Ci (rank)
	Mean Ci of corresponding member institutions (rank)

	A
	0.7138 (1)
	0.5181 (1)

	I
	0.6622 (2)
	0.4793 (2)

	E
	0.6273 (3)
	0.4952 (3)

	G
	0.6089 (4)
	0.4882 (4)

	F
	0.5586 (5)
	0.4360 (5)

	B
	0.5052 (6)
	0.4372 (6)

	D
	0.4748 (7)
	0.3454 (8)

	J
	0.4520 (8)
	0.3769 (7)

	K
	0.4414 (9)
	0.3097 (10)

	C
	0.4206 (10)
	0.3357 (9)

	H
	0.3750 (11)
	0.3068 (11)

	Spearman's ρ
	
	0.782 (p = 0.004)


Note: This table presents the correlation between leading hospital EMS capacity and mean member institution performance (vertical integration alignment).

8. Scatter plot of the inter-tier association
[bookmark: _GoBack]Figure S1. Scatter plot of the association between EMS capacity of leading hospitals and their corresponding member institutions. Each point represents one county (n = 11). The solid line shows the linear regression fit with 95% confidence interval (gray area). Hospital codes correspond to those in Table 2 (main text). This exploratory analysis is reported for hypothesis-generating purposes; see main text Limitations for inferential boundaries. The Spearman's rank correlation coefficient is ρ = 0.782 (p = 0.004). The scatter plot is provided as Additional file 4.

9. Detailed Exploratory Analysis Data
Table S2-4. Full ranking of all 33 member institutions
	Overall rank
	Member institution
	Corresponding leading hospital
	Structure Ci
	Process Ci
	Outcome Ci
	Overall Ci

	1
	A1
	A
	0.6637
	0.6543
	0.7949
	0.6637

	2
	I1
	I
	0.6892
	0.6094
	0.9063
	0.6460

	3
	E1
	E
	0.6880
	0.6049
	0.8087
	0.6369

	4
	G1
	G
	0.9012
	0.5084
	0.9652
	0.6116

	5
	F1
	F
	0.9453
	0.4350
	0.9692
	0.5647

	6
	A2
	A
	0.6342
	0.4803
	0.6598
	0.5337

	7
	B1
	B
	0.5567
	0.4923
	0.6774
	0.5198

	8
	G2
	G
	0.5685
	0.4511
	0.7111
	0.5067

	9
	E2
	E
	0.6012
	0.4572
	0.5707
	0.5007

	10
	J1
	J
	0.6988
	0.4086
	0.6514
	0.4947

	11
	I2
	I
	0.5823
	0.4403
	0.6229
	0.4912

	12
	B2
	B
	0.5178
	0.4305
	0.6229
	0.4653

	13
	F2
	F
	0.5619
	0.3873
	0.7086
	0.4601

	14
	C1
	C
	0.5267
	0.3974
	0.7152
	0.4494

	15
	D1
	D
	0.5446
	0.3908
	0.6112
	0.4445

	16
	K1
	H
	0.4548
	0.3614
	0.7146
	0.4238

	17
	E3
	E
	0.5141
	0.3501
	0.5673
	0.4126

	18
	J2
	J
	0.4090
	0.3181
	0.6952
	0.3714

	19
	G3
	G
	0.5398
	0.2857
	0.5821
	0.3707

	20
	H1
	H
	0.4548
	0.3001
	0.7146
	0.3692

	21
	B3
	B
	0.4856
	0.2902
	0.5106
	0.3583

	22
	A3
	A
	0.4977
	0.3066
	0.3202
	0.3569

	23
	D2
	D
	0.4129
	0.2899
	0.6038
	0.3450

	24
	C2
	C
	0.4424
	0.2807
	0.5357
	0.3387

	25
	I3
	I
	0.4689
	0.2741
	0.3485
	0.3310

	26
	F3
	F
	0.3730
	0.2759
	0.5060
	0.3150

	27
	H2
	H
	0.3294
	0.2732
	0.5166
	0.3053

	28
	D3
	D
	0.2827
	0.2737
	0.5143
	0.2945

	29
	K2
	K
	0.3867
	0.2747
	0.1427
	0.2944

	30
	J3
	J
	0.2886
	0.2691
	0.4916
	0.2917

	31
	C3
	C
	0.1932
	0.2696
	0.4040
	0.2656

	32
	K3
	K
	0.2454
	0.2693
	0.0916
	0.2565

	33
	H3
	H
	0.1942
	0.2685
	0.0724
	0.2458

	Mean
 (all 33)
	—
	—
	0.5353
	0.3474
	0.6115
	0.4117


Note: Excellent: Ci > 0.515; medium: 0.287–0.515; poor: Ci < 0.287.
