NICEI Construction via TOPSIS
NICEI was constructed using the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) with entropy weight assignment to avoid subjective bias, following six sequential steps:
1. Indicator Definition
Sixteen core nursing-sensitive HAI indicators were defined for NICEI construction, categorized by directionality:
Positive indicators (n = 8): Higher values indicate better infection control, including hand hygiene compliance, hand hygiene correctness, dry towel usage rate, hand sanitizer usage, environmental monitoring, cleaning/disinfection/isolation score, medical waste disposal, and HAI exam.
Negative indicators (n = 8): Lower values indicate better infection control, including CAUTI incidence, CLABSI incidence, VAP incidence, MRSA detection rate, VRE detection rate, CRE detection rate, CRPA detection rate, and CRAB detection rate.
2. Normalization of Negative Indicators
Negative indicators were converted to positive values using the formula:
                          (1)
Where  is the maximum value of the indicator across all samples. This ensured all indicators aligned with the “higher value = better infection control” logic.
3. Min-Max Standardization
All indicators were standardized to the [0,1] range to eliminate scale differences, using:
                               (2)
Where  is the value of indicator j for sample i, and /are the minimum/maximum values of indicator j.
4. Entropy Weight Calculation
Objective weights for indicators were derived using the entropy weight method to reflect their discriminatory power:
1) [bookmark: _Hlk219220500]Indicator proportion calculation. A small constant  was added to avoid undefined logarithm when : 
                                   (3)
2) Entropy value, where lower  indicates higher indicator discrimination:
                        (4)
3) Difference coefficient quantifying each indicator’s contribution to NICEI: 
                                    (5)
4) Weight assignment ensuring weights sum to 1:
                                    (6)
5. Positive ideal and Negative Ideal Solutions
Positive ideal solution : Maximum standardized values of all indicators (representing optimal infection control performance).
Negative ideal solution : Minimum standardized values of all indicators (representing suboptimal performance).
6. TOPSIS Score (NICEI) Calculation
[bookmark: _Hlk219221328]Weighted Euclidean distances to  and  were computed, and NICEI scores were derived as:
                             (7)
                            (8)
                                 (9)
where  is the distance to the positive ideal solution and  is the distance to the negative ideal solution. NICEI scores range from 0 to 1, with higher values indicating better nursing infection control effectiveness.

	[bookmark: _Hlk219223774]Core R Code Snippet

	base_features <- c(
  "Hand_hygiene_compliance_rate", 
  "Hand_hygiene_correctness_rate", 
  "Paper_hand_towel_usage",
  "Hand_sanitizer_usage", 
  "Environmental_monitoring_pass_rate", 
  "Clean_disinfection_isolation_score",
  "Medical_waste_disposal_score", 
  "HAI_exam_score", 
  "CAUTI", 
  "CLABSI", 
  "VAP", 
  "MRSA", 
  "VRE", 
  "CRE", 
  "CRPA", 
  "CRAB"
)
positive_indicators <- base_features[1:8]
negative_indicators <- base_features[9:16]

# Implement formula (1): Reverse negative indicators
topsis_processed <- topsis_data %>%
  mutate(across(
    all_of(negative_indicators), 
    ~ max(., na.rm = TRUE) - .
  ))

# Implement formula (2): Min-Max standardization
min_vals <- apply(indicator_matrix, 2, min, na.rm = TRUE)
max_vals <- apply(indicator_matrix, 2, max, na.rm = TRUE)

topsis_standardized <- indicator_matrix %>%
  mutate(across(
    everything(), 
    ~ (.- min_vals[cur_column()]) / 
      (max_vals[cur_column()] - min_vals[cur_column()])
  ))

# Implement formulas (3)-(6): Entropy weight calculation
p <- mat / rowSums(mat, na.rm = TRUE)
p[p == 0] <- 1e-10  # Formula (3): Avoid log(0)

e <- -apply(
  p, 2, 
  function(col) mean(col * log(col), na.rm = TRUE)
) / log(nrow(mat))  # Formula (4)

d <- 1 - e  # Formula (5)
w_j <- d / sum(d)  # Formula (6)

# Positive ideal solution (A+) and negative ideal solution (A-)
A_plus <- apply(topsis_standardized, 2, max, na.rm = TRUE)
A_minus <- apply(topsis_standardized, 2, min, na.rm = TRUE)

# Implement formulas (7)-(9): NICEI calculation
dist_positive <- sqrt(
  rowSums(w_j * (topsis_standardized - A_plus)^2)
)  # Formula (7)

dist_negative <- sqrt(
  rowSums(w_j * (topsis_standardized - A_minus)^2)
)  # Formula (8)

NICEI <- dist_negative / (dist_positive + dist_negative)  # Formula (9)



