
README: 
Identifying clinical skill gaps of healthcare workers using a digital clinical decision support algorithm during outpatient pediatric consultations in primary health centers in Rwanda

Study description:
This project analyzes clinical data collected through the ePOCT+ Clinical Decision Support Algorithm (CDSA) to identify potential gaps in healthcare workers' clinical measurement practices. The study focuses on pediatric consultations conducted in primary health centers in Rwanda. It examines patterns in clinical measurement quality and consistency, aiming to improve guideline adherence and quality of care.


1. Data Sets

1.1 First Dataset: med_cases_num.csv
Description:
This dataset contains information from 20,085 outpatient consultations conducted between November 2021 and October 2022 with children aged 1 day to 14 years with an acute condition, in 16 health centers where the ePOCT+ intervention was deployed.
Sampling:
Data were extracted from the ePOCT+ storage system, which records all consultation-related information entered by healthcare workers (HWs) in tablets during consultations.
Processing:
1. Data Extraction: Extracted from the larger ePOCT+ storage system.
2. Data Cleaning: Focused on variables of interest, excluding irrelevant variables for the study and incomplete records.
3. Anonymization: Removed personal identifiers to protect patient and health facility confidentiality.
4. Analysis Preparation: Reviewed for consistency and coherence.
5. Software Used: R software (version 4.2.1) for data cleaning, management, and analyses.
Variables:
- BC...Age.in.months...7354.categorical: Age of the child in months, categorized (less than 2 months; between 2 and 6 months; between 6 and 12 months; between 12 and 24 months; between 24 and 36 months; between 36 and 60 months; more than 60 months) 
- BC...Axillary.temperature...7823: Axillary temperature of the child in degrees Celsius, numerical.
- PE215...Heart.rate..beats.per.minute....7787: Heart rate measured in beats per minute, numerical. 
- VS5...Respiratory.rate..breaths.min....8469: Respiratory rate measured in breaths per minute, numerical. 
- PE214...Blood.oxygen.saturation.......8385: Blood oxygen saturation percentage, numerical. 
- BC...MUAC.in.cm...7833: Mid-upper arm circumference (MUAC) in centimeters, numerical. 
- BC61...MUAC.for.age.z.score...7839: MUAC-for-age Z-score, numerical.
- BM1...Current.Weight..XX.X.kg....7805: Weight of the child in kilograms, numerical. 
- BC7...Weight.for.age..z.score....8434: Weight-for-age Z-score, numerical.
- BM52...Height..XXX.X.cm....if.length.is.measured.subtract.0.7cm...7435: Height of the child in centimeters (0.7 cm subtracted if length was measured instead), numerical. 
- BC95...Weight.for.height...7451: Weight-for-height Z-score, numerical.
- HC_code: Anonymized code for the health facility center (HC) where the consultation occurred, categorized (1-1; 1-2; 1-3; 1-4; 1-5; 2-1; 2-2; 2-3; 2-4; 2-5; 3-1; 3-2; 3-3; 3-4; 3-5; 3-6).
Measurement Variables Description: 
In this dataset, certain values such as “NA” and “-1” carry specific meanings:
- "NA": Indicates that a measurement was not prompted by the algorithm. The clinical decision support algorithm adapts to each individual case and does not require all measurements for every child. For example, blood oxygen saturation and respiratory rate are prompted mainly for children presenting with respiratory complaints.
- “−1”: This value indicates that a measurement was considered not feasible by the health worker and, as a result, was not performed. In our algorithm, leaving a measurement field blank is not allowed, so an explicit option for “not feasible” is provided. When selected, the system automatically records a value of −1 for that measurement.
These values were intentionally retained in the dataset because they offer valuable insights into the decision-making process of health workers. By systematically recording “not feasible” measurements as −1, we are able to distinguish between data that is genuinely missing (e.g., due to a system error or data entry issue) and data that was deliberately excluded by the health worker based on clinical or contextual constraints.

1.2 Second Dataset: Consultation_observation.xlsx
Description:
This dataset results from structured observations of 188 routine pediatric consultations at a subset of 10 health facilities. Clinicians used a standardized evaluation form to record clinical measurements, mirroring variables in the med_cases_num.csv dataset. This dataset is used to deepen the analysis from the primary dataset by understanding the reason for the patterns appearing from the quantitative analysis of the first dataset.
Sampling:
- 188 routine consultations observed in 10 of 16 health centers, from 20 December 2022 and to 09 March 2023.
- Approximately 19 observations per health center.
- Health centers were selected based on the retrospective analysis results.
- Observations conducted over 2 to 3 days per health center.
Processing:
1. Data Collection: Used a digital evaluation form (Google sheets) for standardized and consistent evaluation.
2. Data Export: Exported to Microsoft Excel (Version 16.77.1).
3. Anonymization: Removed personally identifiable information.
4. Data Cleaning and Descriptive Analysis: Conducted in Microsoft Excel.
Variables:
· Date: The date the consultation was observed.
· HC: Anonymized code for the health facility where the consultation occurred.
· Measures made before the consultation (At the reception): Clinical measurements taken before the consultation.
· Measures made during the consultation (by the HW): Clinical measurements taken by the healthcare worker during the consultation.
· Presence of a Conducting line?: Indicates whether a conducting line was present.
· Remark?: Additional remarks or observations regarding the consultation.
· T° Assessment: Whether the temperature was assessed (assessed/skipped).
· If skipped, why?: Reason for skipping the temperature assessment (if applicable).
· T° Quality of Assessment: Quality rating of the temperature assessment (sufficient/insufficient).
· If insufficient, why?: Reason for insufficient temperature assessment (if applicable).
· Extra remark about T°: Additional comments on the temperature assessment.
· MUAC Assessment: Whether the MUAC measurement was assessed (assessed/skipped).
· If skipped, why?: Reason for skipping the MUAC assessment (if applicable).
· MUAC Quality of Assessment: Quality rating of the MUAC assessment (sufficient/insufficient).
· If insufficient, why?: Reason for insufficient MUAC assessment (if applicable).
· Extra remark about MUAC: Additional comments on the MUAC assessment.
· Weight Assessment: Whether the weight measurement was assessed (assessed/skipped).
· If skipped, why?: Reason for skipping the weight assessment (if applicable).
· Weight Quality of Assessment: Quality rating of the weight assessment (sufficient/insufficient).
· If insufficient, why?: Reason for insufficient weight assessment (if applicable).
· Extra remark about Weight: Additional comments on the weight assessment.
· Height Assessment: Whether the height measurement was assessed (assessed/skipped).
· If skipped, why?: Reason for skipping the height assessment (if applicable).
· Height Quality of Assessment: Quality rating of the height assessment (sufficient/insufficient).
· If insufficient, why?: Reason for insufficient height assessment (if applicable).
· Extra remark about Height: Additional comments on the height assessment.
· RR Assessment: Whether the respiratory rate was assessed (assessed/skipped).
· If skipped, why?: Reason for skipping the respiratory rate assessment (if applicable).
· RR Quality of Assessment: Quality rating of the respiratory rate assessment (sufficient/insufficient).
· If insufficient, why?: Reason for insufficient respiratory rate assessment (if applicable).
· Extra remark about RR: Additional comments on the respiratory rate assessment.
· Sat Assessment: Whether the blood oxygen saturation was assessed (assessed/skipped).
· If skipped, why?: Reason for skipping the saturation assessment (if applicable).
· Sat Quality of Assessment: Quality rating of the saturation assessment (sufficient/insufficient).
· If insufficient, why?: Reason for insufficient blood oxygen saturation assessment (if applicable).
· Extra remark about Sat: Additional comments on the saturation assessment.
· HR Assessment: Whether the heart rate was assessed (assessed/skipped).
· If skipped, why?: Reason for skipping the heart rate assessment (if applicable).
· HR Quality of Assessment: Quality rating of the heart rate assessment (sufficient/insufficient).
· If insufficient, why?: Reason for insufficient heart rate assessment (if applicable).
· Extra remark about HR: Additional comments on the heart rate assessment.
· Remark about other SS: Any additional remarks about other signs and symptoms assessed during the consultation.


2. Code for the analysis of the first Dataset
This section describes the R scripts used to analyze the dataset.

2.1 Setup and Installation
R packages:
libs <- c("lubridate", "plyr", "dplyr", "reshape2", "reshape", "qdapTools", "DataExplorer", "data.table", "tidyr", "lme4", "funModeling", "tidyverse", "diffdf", "randomcoloR", "RColorBrewer", "gridExtra", ” cowplot”, "xlsx")
To install and load these packages, the script uses a custom function that checks if each package is installed and installs it if necessary.

2.2 Data Loading and Preprocessing
2.2.1 Set working directory and load data:
setwd("/path/to/your/directory")
med_cases_num <- read.csv("med_cases_num.csv", header = TRUE, sep = ",", stringsAsFactors = FALSE)

2.2.2 Filter data for z-scores (children between 2m-5y):
med_cases_zscores <- med_cases_num |>
  filter(BC...Age.in.months...7354.categorical != 'less than 2 months' & BC...Age.in.months...7354.categorical != 'more than 60 months') |>
  select(HC_code, BC61...MUAC.for.age.z.score...7839, BC7...Weight.for.age..z.score....8434, BC95...Weight.for.height...7451)

2.2.3 Clean data for statistical analysis and visualization by removing “not feasible” values.


[bookmark: OLE_LINK1]2.3 Visualization: Figures_Code.R
This script generates various visualizations of the dataset, including boxplots and density plots for each variable across different health facilities, and z-score distribution plots. It creates comprehensive graphical representations of the data to aid in understanding patterns and distributions across health facilities.

2.3.1 Boxplots:
   - Creates boxplots for each health facility per variable.
   - Uses a custom function `create_boxplots` to generate plots for each variable.
   - Plots are saved in "Figures.pdf".

2.3.2 Density plots:
   - Creates density plots for each numerical variable per health facility.
   - Plots are saved in "Figures.pdf".

2.3.3 Z-score distribution plots:
   - Creates bar plots for z-score distributions per health facility.
   - Plots are saved in "Figures.pdf".


[bookmark: OLE_LINK2]2.4 Round Number Analysis: Round_num_analysis.R
This script analyzes the frequency of round numbers in temperature, MUAC, weight, and height measurements for each health facility.

2.4.1 Define range of integers to check:
N_entier <- c(-1:200)

2.4.2 For each measurement (Temperature, MUAC, Weight, Height) and each health facility:
   - Count occurrences of each value
   - Filter for round numbers
   - Write results to an Excel file ("Round_num.xlsx")

2.4.3 This process is repeated for all health facilities (coded from 1-1 to 3-6)

2.5 Steps for running the codes
1. Ensure all required packages are installed and loaded.
2. Set the working directory to where your data file is located.
3. Run the script sections in order:
   - Data loading and preprocessing
   - Visualization (boxplots, density plots, z-score distributions)
   - Round number analysis
The output will include:
- PDF file "Figures.pdf" with various plots
- Excel file "Round_num.xlsx" with round number analysis results
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