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Introduction

This R notebook provides an analysis of two survey questions which asked trial participants in the Epworth 
hospital 4G and ED wards about their knowledge of the NSQHS quality standards (3,4,5,6,10) and the 
effectiveness of the implementation of quality activities in their ward.

The survey questions were asked prior to the MEER intervention (first) and after they had participated in a 
MEER session (last).

Participants were asked to gauge their responses on a Likert scale as follows:

KNOWLEDGE question: How would you rate your own knowledge and understanding of the 
following standards?

• 0 - This standard is not applicable to my work
• 1 - I am not aware of this standard
• 2 - I am aware of the standard, but am not at all familiar with the detail
• 3 - I am familiar with the detail, but have limited understanding of its relevance to my work
• 4 - I am familiar with the detail and understand its relevance to my work

IMPLEMENTATION Question: Overall, how would you rate the application of the following
standards in your ward/unit?

• 0 - Don’t know
• 1 - Very poor
• 2 - Poor
• 3 - Neither good nor poor
• 4 - Good
• 5 - Very good

Each particpant was identified by a PIN and all first and last responses were paired.

The survey question responses were analysed as a two-way repeated ordinal regression with CLMM (Cumulative
Link Mixed Models), using the R clmm function

Reference

Mangiafico (2016) “SUMMARY AND ANALYSIS OF EXTENSION EDUCATION PROGRAM EVALUA-
TION IN R” see section on Two-sample Paired Ordinal Test with CLMM http://rcompanion.org/handbook/
G_12.html
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Load libraries

library("readxl")

library(psych)

library(ggplot2)

library(dplyr)

library(FSA)

library(lemon)

knit_print.data.frame <- lemon_print

Load the data

Knowledge

DataK <- read_excel("All survey data.xlsx", sheet = "knowldata") 
DataK$Time <- factor(DataK$Time,levels=c("first","last"))

DataK$standard <- factor(DataK$standard)

DataK$Likert.f <- factor(DataK$Likert, ordered = TRUE)

headTail(DataK)

## standard Time PIN Likert Likert.f

## 1 3 first 1005 4 4

## 2 3 first 1006 4 4

## 3 3 first 1007 2 2

## 4 3 first 1011 4 4

## 5 <NA> <NA> ... ... <NA>

## 6 10 last 2042 4 4

## 7 10 last 2050 3 3

## 8 10 last 2063 4 4

## 9 10 last 2105 4 4

Implementation

DataI <- read_excel("All survey data.xlsx", sheet = "Impdata") 
DataI$Time <- factor(DataI$Time,levels=c("first","last")) 
DataI$standard <- factor(DataI$standard)

DataI$Likert.f <- factor(DataI$Likert, ordered = TRUE) 
headTail(DataI)

## standard Time PIN Likert Likert.f

## 1 3 first 1005 3 3

## 2 3 first 1006 4 4

## 3 3 first 1007 2 2

## 4 3 first 1011 4 4

## 5 <NA> <NA> ... ... <NA>

## 6 10 last 2042 3 3

## 7 10 last 2050 4 4

## 8 10 last 2063 5 5

## 9 10 last 2105 5 5
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Display the data

Knowledge

standard Time PIN Likert Likert.f

3 first 1005 4 4
3 first 1006 4 4
3 first 1007 2 2
3 first 1011 4 4
3 first 1012 4 4
3 first 1019 2 2
3 first 1020 2 2
3 first 1035 4 4
3 first 1036 4 4
3 first 1038 4 4
3 first 1044 4 4
3 first 1050 4 4
3 first 1057 4 4
3 first 1059 4 4
3 first 1062 4 4
3 first 1065 4 4
3 first 1070 2 2
3 first 1071 2 2
3 first 1072 3 3
3 first 1082 4 4
3 first 1100 4 4
3 first 2009 4 4
3 first 2020 4 4
3 first 2042 2 2
3 first 2050 4 4
3 first 2063 3 3
3 first 2105 4 4
3 last 1005 4 4
3 last 1006 4 4
3 last 1007 4 4
3 last 1011 4 4
3 last 1012 4 4
3 last 1019 4 4
3 last 1020 2 2
3 last 1035 4 4
3 last 1036 4 4
3 last 1038 4 4
3 last 1044 4 4
3 last 1050 4 4
3 last 1057 3 3
3 last 1059 4 4
3 last 1062 4 4
3 last 1065 4 4
3 last 1070 4 4
3 last 1071 3 3
3 last 1072 2 2
3 last 1082 4 4
3 last 1100 4 4
3 last 2009 4 4
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standard Time PIN Likert Likert.f

3 last 2020 4 4
3 last 2042 4 4
3 last 2050 3 3
3 last 2063 4 4
3 last 2105 4 4
4 first 1005 4 4
4 first 1006 4 4
4 first 1007 4 4
4 first 1011 4 4
4 first 1012 4 4
4 first 1019 4 4
4 first 1020 2 2
4 first 1035 4 4
4 first 1036 4 4
4 first 1038 4 4
4 first 1044 4 4
4 first 1050 4 4
4 first 1057 4 4
4 first 1059 4 4
4 first 1062 4 4
4 first 1065 4 4
4 first 1070 3 3
4 first 1071 2 2
4 first 1072 3 3
4 first 1082 4 4
4 first 1100 4 4
4 first 2009 4 4
4 first 2020 4 4
4 first 2042 2 2
4 first 2050 4 4
4 first 2063 4 4
4 first 2105 4 4
4 last 1005 4 4
4 last 1006 4 4
4 last 1007 4 4
4 last 1011 4 4
4 last 1012 4 4
4 last 1019 4 4
4 last 1020 2 2
4 last 1035 4 4
4 last 1036 4 4
4 last 1038 4 4
4 last 1044 4 4
4 last 1050 4 4
4 last 1057 4 4
4 last 1059 4 4
4 last 1062 4 4
4 last 1065 4 4
4 last 1070 4 4
4 last 1071 4 4
4 last 1072 3 3
4 last 1082 4 4
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standard Time PIN Likert Likert.f

4 last 1100 4 4
4 last 2009 4 4
4 last 2020 4 4
4 last 2042 4 4
4 last 2050 3 3
4 last 2063 4 4
4 last 2105 4 4
5 first 1005 4 4
5 first 1006 4 4
5 first 1007 4 4
5 first 1011 4 4
5 first 1012 4 4
5 first 1019 4 4
5 first 1020 2 2
5 first 1035 2 2
5 first 1036 4 4
5 first 1038 4 4
5 first 1044 4 4
5 first 1050 4 4
5 first 1057 3 3
5 first 1059 4 4
5 first 1062 4 4
5 first 1065 4 4
5 first 1070 3 3
5 first 1071 3 3
5 first 1072 3 3
5 first 1082 4 4
5 first 1100 4 4
5 first 2009 4 4
5 first 2020 4 4
5 first 2042 2 2
5 first 2050 4 4
5 first 2063 4 4
5 first 2105 4 4
5 last 1005 4 4
5 last 1006 4 4
5 last 1007 4 4
5 last 1011 4 4
5 last 1012 4 4
5 last 1019 4 4
5 last 1020 2 2
5 last 1035 4 4
5 last 1036 4 4
5 last 1038 4 4
5 last 1044 4 4
5 last 1050 4 4
5 last 1057 4 4
5 last 1059 4 4
5 last 1062 4 4
5 last 1065 4 4
5 last 1070 4 4
5 last 1071 4 4
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standard Time PIN Likert Likert.f

5 last 1072 2 2
5 last 1082 4 4
5 last 1100 4 4
5 last 2009 4 4
5 last 2020 4 4
5 last 2042 4 4
5 last 2050 3 3
5 last 2063 4 4
5 last 2105 4 4
6 first 1005 4 4
6 first 1006 4 4
6 first 1007 4 4
6 first 1011 4 4
6 first 1012 4 4
6 first 1019 4 4
6 first 1020 2 2
6 first 1035 4 4
6 first 1036 4 4
6 first 1038 4 4
6 first 1044 4 4
6 first 1050 4 4
6 first 1057 3 3
6 first 1059 4 4
6 first 1062 3 3
6 first 1065 4 4
6 first 1070 3 3
6 first 1071 3 3
6 first 1072 3 3
6 first 1082 4 4
6 first 1100 4 4
6 first 2009 4 4
6 first 2020 4 4
6 first 2042 2 2
6 first 2050 4 4
6 first 2063 4 4
6 first 2105 4 4
6 last 1005 4 4
6 last 1006 4 4
6 last 1007 4 4
6 last 1011 4 4
6 last 1012 4 4
6 last 1019 4 4
6 last 1020 2 2
6 last 1035 4 4
6 last 1036 4 4
6 last 1038 4 4
6 last 1044 4 4
6 last 1050 4 4
6 last 1057 4 4
6 last 1059 4 4
6 last 1062 4 4
6 last 1065 4 4
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standard Time PIN Likert Likert.f

6 last 1070 4 4
6 last 1071 4 4
6 last 1072 2 2
6 last 1082 4 4
6 last 1100 4 4
6 last 2009 4 4
6 last 2020 4 4
6 last 2042 4 4
6 last 2050 3 3
6 last 2063 4 4
6 last 2105 4 4
10 first 1005 4 4
10 first 1006 4 4
10 first 1007 4 4
10 first 1011 4 4
10 first 1012 4 4
10 first 1019 3 3
10 first 1020 2 2
10 first 1035 2 2
10 first 1036 4 4
10 first 1038 4 4
10 first 1044 4 4
10 first 1050 4 4
10 first 1057 4 4
10 first 1059 4 4
10 first 1062 3 3
10 first 1065 4 4
10 first 1070 3 3
10 first 1071 3 3
10 first 1072 3 3
10 first 1082 4 4
10 first 1100 4 4
10 first 2009 4 4
10 first 2020 4 4
10 first 2042 2 2
10 first 2050 4 4
10 first 2063 4 4
10 first 2105 4 4
10 last 1005 4 4
10 last 1006 4 4
10 last 1007 4 4
10 last 1011 4 4
10 last 1012 4 4
10 last 1019 4 4
10 last 1020 2 2
10 last 1035 4 4
10 last 1036 4 4
10 last 1038 3 3
10 last 1044 4 4
10 last 1050 4 4
10 last 1057 3 3
10 last 1059 4 4
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standard Time PIN Likert Likert.f

10 last 1062 4 4
10 last 1065 4 4
10 last 1070 4 4
10 last 1071 4 4
10 last 1072 2 2
10 last 1082 4 4
10 last 1100 4 4
10 last 2009 4 4
10 last 2020 4 4
10 last 2042 4 4
10 last 2050 3 3
10 last 2063 4 4
10 last 2105 4 4
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Implementation

standard Time PIN Likert Likert.f

3 first 1005 3 3
3 first 1006 4 4
3 first 1007 2 2
3 first 1011 4 4
3 first 1012 3 3
3 first 1018 3 3
3 first 1019 4 4
3 first 1020 3 3
3 first 1035 4 4
3 first 1036 2 2
3 first 1038 5 5
3 first 1043 4 4
3 first 1044 4 4
3 first 1050 2 2
3 first 1057 5 5
3 first 1059 4 4
3 first 1062 4 4
3 first 1065 3 3
3 first 1070 3 3
3 first 1071 4 4
3 first 1072 4 4
3 first 1082 5 5
3 first 1086 4 4
3 first 1100 5 5
3 first 2009 4 4
3 first 2020 4 4
3 first 2024 4 4
3 first 2042 3 3
3 first 2050 3 3
3 first 2063 4 4
3 first 2105 5 5
3 last 1005 4 4
3 last 1006 4 4
3 last 1007 4 4
3 last 1011 4 4
3 last 1012 5 5
3 last 1018 4 4
3 last 1019 4 4
3 last 1020 4 4
3 last 1035 4 4
3 last 1036 2 2
3 last 1038 5 5
3 last 1043 4 4
3 last 1044 4 4
3 last 1050 4 4
3 last 1057 4 4
3 last 1059 4 4
3 last 1062 4 4
3 last 1065 4 4
3 last 1070 4 4
3 last 1071 4 4
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standard Time PIN Likert Likert.f

3 last 1072 5 5
3 last 1082 5 5
3 last 1086 4 4
3 last 1100 4 4
3 last 2009 4 4
3 last 2020 5 5
3 last 2024 5 5
3 last 2042 5 5
3 last 2050 4 4
3 last 2063 4 4
3 last 2105 5 5
4 first 1005 4 4
4 first 1006 4 4
4 first 1007 3 3
4 first 1011 4 4
4 first 1012 4 4
4 first 1018 3 3
4 first 1019 5 5
4 first 1020 3 3
4 first 1035 4 4
4 first 1036 2 2
4 first 1038 5 5
4 first 1043 5 5
4 first 1044 4 4
4 first 1050 3 3
4 first 1057 5 5
4 first 1059 4 4
4 first 1062 4 4
4 first 1065 4 4
4 first 1070 4 4
4 first 1071 4 4
4 first 1072 2 2
4 first 1082 5 5
4 first 1086 4 4
4 first 1100 4 4
4 first 2009 3 3
4 first 2020 4 4
4 first 2024 3 3
4 first 2042 3 3
4 first 2050 4 4
4 first 2063 3 3
4 first 2105 4 4
4 last 1005 4 4
4 last 1006 4 4
4 last 1007 4 4
4 last 1011 4 4
4 last 1012 5 5
4 last 1018 4 4
4 last 1019 5 5
4 last 1020 4 4
4 last 1035 5 5
4 last 1036 3 3
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standard Time PIN Likert Likert.f

4 last 1038 5 5
4 last 1043 4 4
4 last 1044 4 4
4 last 1050 4 4
4 last 1057 3 3
4 last 1059 4 4
4 last 1062 4 4
4 last 1065 4 4
4 last 1070 4 4
4 last 1071 4 4
4 last 1072 4 4
4 last 1082 4 4
4 last 1086 4 4
4 last 1100 4 4
4 last 2009 4 4
4 last 2020 5 5
4 last 2024 4 4
4 last 2042 2 2
4 last 2050 4 4
4 last 2063 4 4
4 last 2105 4 4
5 first 1005 3 3
5 first 1006 4 4
5 first 1007 4 4
5 first 1011 4 4
5 first 1012 4 4
5 first 1018 3 3
5 first 1019 5 5
5 first 1020 3 3
5 first 1035 4 4
5 first 1036 2 2
5 first 1038 5 5
5 first 1043 5 5
5 first 1044 4 4
5 first 1050 4 4
5 first 1057 5 5
5 first 1059 3 3
5 first 1062 4 4
5 first 1065 4 4
5 first 1070 4 4
5 first 1071 4 4
5 first 1072 3 3
5 first 1082 4 4
5 first 1086 5 5
5 first 1100 4 4
5 first 2009 3 3
5 first 2020 4 4
5 first 2024 5 5
5 first 2042 3 3
5 first 2050 4 4
5 first 2063 3 3
5 first 2105 5 5
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standard Time PIN Likert Likert.f

5 last 1005 4 4
5 last 1006 4 4
5 last 1007 5 5
5 last 1011 4 4
5 last 1012 5 5
5 last 1018 4 4
5 last 1019 5 5
5 last 1020 4 4
5 last 1035 4 4
5 last 1036 3 3
5 last 1038 4 4
5 last 1043 5 5
5 last 1044 4 4
5 last 1050 4 4
5 last 1057 4 4
5 last 1059 4 4
5 last 1062 3 3
5 last 1065 4 4
5 last 1070 4 4
5 last 1071 5 5
5 last 1072 4 4
5 last 1082 5 5
5 last 1086 5 5
5 last 1100 4 4
5 last 2009 4 4
5 last 2020 5 5
5 last 2024 5 5
5 last 2042 2 2
5 last 2050 4 4
5 last 2063 4 4
5 last 2105 4 4
6 first 1005 3 3
6 first 1006 4 4
6 first 1007 4 4
6 first 1011 4 4
6 first 1012 4 4
6 first 1018 3 3
6 first 1019 1 1
6 first 1020 3 3
6 first 1035 4 4
6 first 1036 3 3
6 first 1038 5 5
6 first 1043 5 5
6 first 1044 4 4
6 first 1050 4 4
6 first 1057 5 5
6 first 1059 4 4
6 first 1062 3 3
6 first 1065 3 3
6 first 1070 3 3
6 first 1071 4 4
6 first 1072 3 3
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standard Time PIN Likert Likert.f

6 first 1082 4 4
6 first 1086 4 4
6 first 1100 4 4
6 first 2009 4 4
6 first 2020 4 4
6 first 2024 5 5
6 first 2042 3 3
6 first 2050 5 5
6 first 2063 5 5
6 first 2105 5 5
6 last 1005 4 4
6 last 1006 4 4
6 last 1007 4 4
6 last 1011 4 4
6 last 1012 4 4
6 last 1018 4 4
6 last 1019 4 4
6 last 1020 4 4
6 last 1035 4 4
6 last 1036 4 4
6 last 1038 4 4
6 last 1043 5 5
6 last 1044 4 4
6 last 1050 4 4
6 last 1057 4 4
6 last 1059 4 4
6 last 1062 3 3
6 last 1065 4 4
6 last 1070 4 4
6 last 1071 5 5
6 last 1072 4 4
6 last 1082 4 4
6 last 1086 4 4
6 last 1100 4 4
6 last 2009 4 4
6 last 2020 5 5
6 last 2024 5 5
6 last 2042 5 5
6 last 2050 4 4
6 last 2063 5 5
6 last 2105 5 5
10 first 1005 3 3
10 first 1006 4 4
10 first 1007 4 4
10 first 1011 4 4
10 first 1012 4 4
10 first 1018 3 3
10 first 1019 3 3
10 first 1020 3 3
10 first 1035 3 3
10 first 1036 3 3
10 first 1038 5 5
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standard Time PIN Likert Likert.f

10 first 1043 5 5
10 first 1044 4 4
10 first 1050 3 3
10 first 1057 5 5
10 first 1059 5 5
10 first 1062 2 2
10 first 1065 4 4
10 first 1070 3 3
10 first 1071 4 4
10 first 1072 3 3
10 first 1082 4 4
10 first 1086 4 4
10 first 1100 4 4
10 first 2009 4 4
10 first 2020 4 4
10 first 2024 4 4
10 first 2042 3 3
10 first 2050 5 5
10 first 2063 4 4
10 first 2105 4 4
10 last 1005 3 3
10 last 1006 4 4
10 last 1007 4 4
10 last 1011 4 4
10 last 1012 5 5
10 last 1018 4 4
10 last 1019 4 4
10 last 1020 4 4
10 last 1035 4 4
10 last 1036 2 2
10 last 1038 4 4
10 last 1043 4 4
10 last 1044 4 4
10 last 1050 4 4
10 last 1057 4 4
10 last 1059 4 4
10 last 1062 4 4
10 last 1065 4 4
10 last 1070 4 4
10 last 1071 5 5
10 last 1072 4 4
10 last 1082 3 3
10 last 1086 4 4
10 last 1100 4 4
10 last 2009 5 5
10 last 2020 5 5
10 last 2024 5 5
10 last 2042 3 3
10 last 2050 4 4
10 last 2063 5 5
10 last 2105 5 5
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Check the data

Knowledge

str(DataK)

## Classes 'tbl_df', 'tbl' and 'data.frame': 270 obs. of 5 variables:
## $ standard: Factor w/ 5 levels "3","4","5","6",..: 1 1 1 1 1 1 1 1 1 1 ...
## $ Time : Factor w/ 2 levels "first","last": 1 1 1 1 1 1 1 1 1 1 ...
## $ PIN : num 1005 1006 1007 1011 1012 ...
## $ Likert : num 4 4 2 4 4 2 2 4 4 4 ...
## $ Likert.f: Ord.factor w/ 3 levels "2"<"3"<"4": 3 3 1 3 3 1 1 3 3 3 ...

summary(DataK)

## standard Time PIN Likert Likert.f
## 3 :54 first:135 Min. :1005 Min. :2.000 2: 26
## 4 :54 last :135 1st Qu.:1020 1st Qu.:4.000 3: 28
## 5 :54 Median :1059 Median :4.000 4:216
## 6 :54 Mean :1267 Mean :3.704
## 10:54 3rd Qu.:1100 3rd Qu.:4.000
## Max. :2105 Max. :4.000

Implementation

str(DataI)

## Classes 'tbl_df', 'tbl' and 'data.frame': 310 obs. of 5 variables:
## $ standard: Factor w/ 5 levels "3","4","5","6",..: 1 1 1 1 1 1 1 1 1 1 ...
## $ Time : Factor w/ 2 levels "first","last": 1 1 1 1 1 1 1 1 1 1 ...
## $ PIN : num 1005 1006 1007 1011 1012 ...
## $ Likert : num 3 4 2 4 3 3 4 3 4 2 ...
## $ Likert.f: Ord.factor w/ 5 levels "1"<"2"<"3"<"4"<..: 3 4 2 4 3 3 4 3 4 2 ...

summary(DataK)

## standard Time PIN Likert Likert.f
## 3 :54 first:135 Min. :1005 Min. :2.000 2: 26
## 4 :54 last :135 1st Qu.:1020 1st Qu.:4.000 3: 28
## 5 :54 Median :1059 Median :4.000 4:216
## 6 :54 Mean :1267 Mean :3.704
## 10:54 3rd Qu.:1100 3rd Qu.:4.000
## Max. :2105 Max. :4.000
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Get Likert data counts

Knowledge

xtabs( ~ Time + Likert.f + standard, data = DataK)

## , , standard = 3
##
## Likert.f
## Time 2 3 4
## first 6 2 19
## last 2 3 22
##
## , , standard = 4
##
## Likert.f
## Time 2 3 4
## first 3 2 22
## last 1 2 24
##
## , , standard = 5
##
## Likert.f
## Time 2 3 4
## first 3 4 20
## last 2 1 24
##
## , , standard = 6
##
## Likert.f
## Time 2 3 4
## first 2 5 20
## last 2 1 24
##
## , , standard = 10
##
## Likert.f
## Time 2 3 4
## first 3 5 19
## last 2 3 22
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##Implementation

xtabs( ~ Time + Likert.f + standard, data = DataI)

## , , standard = 3
##
## Likert.f
## Time 1 2 3 4 5
## first 0 3 8 15 5
## last 0 1 0 22 8
##
## , , standard = 4
##
## Likert.f
## Time 1 2 3 4 5
## first 0 2 8 16 5
## last 0 1 2 23 5
##
## , , standard = 5
##
## Likert.f
## Time 1 2 3 4 5
## first 0 1 8 15 7
## last 0 1 2 19 9
##
## , , standard = 6
##
## Likert.f
## Time 1 2 3 4 5
## first 1 0 9 14 7
## last 0 0 1 23 7
##
## , , standard = 10
##
## Likert.f
## Time 1 2 3 4 5
## first 0 1 10 15 5
## last 0 1 3 20 7
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Summarize data treating Likert scores as numeric

Knowledge

Summarize(Likert ~ standard + Time, data=DataK, digits=3)

## standard Time n mean sd min Q1 median Q3 max
## 1 3 first 27 3.481 0.849 2 3.0 4 4 4
## 2 4 first 27 3.704 0.669 2 4.0 4 4 4
## 3 5 first 27 3.630 0.688 2 3.5 4 4 4
## 4 6 first 27 3.667 0.620 2 3.5 4 4 4
## 5 10 first 27 3.593 0.694 2 3.0 4 4 4
## 6 3 last 27 3.741 0.594 2 4.0 4 4 4
## 7 4 last 27 3.852 0.456 2 4.0 4 4 4
## 8 5 last 27 3.815 0.557 2 4.0 4 4 4
## 9 6 last 27 3.815 0.557 2 4.0 4 4 4
## 10 10 last 27 3.741 0.594 2 4.0 4 4 4

Summarize(Likert ~ Time, data=DataK, digits=3)

## Time n mean sd min Q1 median Q3 max
## 1 first 135 3.615 0.702 2 3 4 4 4
## 2 last 135 3.793 0.548 2 4 4 4 4

Implementation

Summarize(Likert ~ standard + Time, data=DataI, digits=3)

## standard Time n mean sd min Q1 median Q3 max
## 1 3 first 31 3.710 0.864 2 3 4 4.0 5
## 2 4 first 31 3.774 0.805 2 3 4 4.0 5
## 3 5 first 31 3.903 0.790 2 3 4 4.0 5
## 4 6 first 31 3.839 0.898 1 3 4 4.0 5
## 5 10 first 31 3.774 0.762 2 3 4 4.0 5
## 6 3 last 31 4.194 0.601 2 4 4 4.5 5
## 7 4 last 31 4.032 0.605 2 4 4 4.0 5
## 8 5 last 31 4.161 0.688 2 4 4 5.0 5
## 9 6 last 31 4.194 0.477 3 4 4 4.0 5
## 10 10 last 31 4.065 0.680 2 4 4 4.0 5

Summarize(Likert ~ Time, data=DataI, digits=3)

## Time n mean sd min Q1 median Q3 max
## 1 first 155 3.800 0.817 1 3 4 4 5
## 2 last 155 4.129 0.611 2 4 4 4 5
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Histograms

Knowledge

ggplot(data = DataK) +
geom_bar(mapping=aes(x=Likert, fill=Time), position='dodge') +
facet_wrap(~standard) +
ggtitle("Likert scores for Knowledge question for each standard")
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Implementation

# Implementation data
ggplot(data = DataI) +

geom_bar(mapping=aes(x=Likert, fill=Time), position='dodge') +
facet_wrap(~standard) +
ggtitle("Likert scores for Implementation question for each standard")
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TWO WAY REPEATED ORDINAL REGRESSION

Using the clmm function, Likert.f is the dependent variable and standard and Time are the independent
variables. The term Time:standard adds the interaction effect of these two independent variables to the model.
PIN is used as a blocking variable, and is entered as a random variable.

Load libraries

library(ordinal)
library(car)
library(RVAideMemoire)

Define model and conduct analysis of deviance

Knowledge

modelK <- clmm(Likert.f ~ Time + standard + Time:standard + (1|PIN),
data=DataK, threshold = "flexible")

anov <- Anova(modelK, type = "II")
print(anov)

## Analysis of Deviance Table (Type II tests)
##
## Response: Likert.f
## LR Chisq Df Pr(>Chisq)
## Time 10.3209 1 0.001315 **
## standard 5.6175 4 0.229589
## Time:standard 0.3739 4 0.984561
## ---
## Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Implementation

modelI <- clmm(Likert.f ~ Time + standard + Time:standard + (1|PIN),
data=DataI, threshold = "flexible")

anov <- Anova(modelI, type = "II")
print(anov)

## Analysis of Deviance Table (Type II tests)
##
## Response: Likert.f
## LR Chisq Df Pr(>Chisq)
## Time 21.8667 1 2.923e-06 ***
## standard 2.6843 4 0.612
## Time:standard 1.1140 4 0.892
## ---
## Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
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