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Abstract 

Studies directed at the protection and preservation of earth’s ecological environment has become 

the need of the hour due to the drastic environmental impact of human activities. Pro-

environmental Attitude –the favorable evaluation towards natural environment and its 

conservation- becomes crucial factor in this context as a precursor to actions for mitigating the 

environmental crisis. In the present study, data was obtained using the Pro-Environmental 

Attitude Questionnaire (Dutta Roy & Biswas, 2020), containing 55 items (N=129). Hierarchical 

Cluster Analysis was conducted on the data to explore the similarity based clustering of 

questionnaire items, in order to discover the nature of the underlying construct. Since non-

probabilistic sampling was used, the data obtained did not follow assumptions of normality 

distribution; hence, non-parametric statistics were used for all analysis. Hierarchical Cluster 

Analysis revealed three clusters of items from the Pro-Environmental Attitudes questionnaire - 

(a) Cognitions about environmental Conservation, (b) Personal Actions for Environmental 

Conservation, and (c) General Statements about the environment. The clusters were statistically 

different from each other. Analysis of the items of each cluster using graphical exploratory 

analysis and comparing it to previous literature of the topic revealed that these clusters differed 

conceptually as well. Based on the clusters, suggestions for future studies using the tool were 

made.  

Keywords: Pro-Environmental Attitude, Hierarchical Cluster Analysis, Survey 

 

 

 

 

 

 

 

 



INTERNSHIP REPORT                  4 

 

Introduction 

Pro-Environmental Attitudes (PEA) 

Environmental attitude refers to a set of cognitions held by the individual regarding 

environment related activities or issues; it is the general evaluation of an object. Pro-

environmental attitude refers to the latent construct comprising of sensitivity to environmental 

impact, perceived control, self-regulation, social support, reductionism, recycling, reuse, and 

conservation of the ecological environment. These attitudes are shown to be correlated with pro-

environmental behaviors associated with preserving the environment, and relatively more 

favorable towards it (Staats, 2004). It is expected that the PEA are the underlying cognitions that 

lead to pro-environmental behaviors (PEB). 

Pro-environmental Attitudes is a multidimensional psychological construct and it consists 

of the following 9 domains. Each of them contains different aspects of human cognition and 

behavior that together make up the pro-environmental attitudes.  

a) Safety: Perceived risks associated with environmental factors, and to what extent one 

uses practices, policies, and procedures that ensures one’s well-being and safety in the 

immediate environment. 

b) Perceived Control: To what level one can determine their own behavior to bring about 

favorable outcomes in the environment. 

c) Sensitivity to Environmental Impact: To what extent a person reacts when exposed to 

scented products, cleaning products, laundry detergents, paints, petro-chemicals, cigarette 

smoke, pesticides, pets, plants, etc. 

d) Social Support: To what extent availability and assistance from other people help in the 

improvement of environment. 

e) Recycling: To what extent an individual is ready to convert waste materials into new 

materials and objects. 

f) Reuse: To what extent one wants to use or resource materials again for either the same 

purpose or another purpose without changing the object structure in a significant way.  

g) Reductionism: To what extent environmental reduction influences one’s behavior. 

Reduce use of products. 

h) Conservation: To what extent one protects, prevents, manages, or restores natural 

environment and ecological communities. 

i) Cleanliness: To what extent an individual is willing to maintain their environment clean 

and engage in cleaning activities. 
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There have been many attempts to scientifically understand PEA. In order to do this, 

objective and quantifiable measurement of this variable becomes significant. Dutta Roy (2020) 

developed the Pro-environmental Attitudes Questionnaire consisting of 55 items that measure the 

nine domains of PEA. This scale has been standardized though various statistical measures 

(Dutta Roy & Biswas, 2020). However, there has not been an effort to cluster the items of this 

scale based on their similarity. Such an attempt would add a number of benefits to both the 

understanding of PEA as a construct, as well as for the usage of this questionnaire as a research 

tool in future studies in following ways. It would help understand the latent phenomena involved 

in PEA, improve the validity of the scale, and could lead to insights that help advance the scale. 

Therefore, the present study attempts to conduct a Hierarchical Cluster Analysis (HCA) on the 

questionnaire items.  

Objectives of the Present Study 

 The present study attempts to check the data obtained using the Pro-environmental 

Attitude Questionnaire through exploratory data analysis methods to discover patterns that could 

provide insights into the construct and its dimensions. Hierarchical Cluster Analysis was 

determined to be most suitable for this purpose in order to have a data-driven, bottom-up 

analysis. The study aimed to understand pro-environmental attitude in detail by categorizing the 

questionnaire items into exclusive categories that could each reveal different dimensions of the 

data.  

Considering the critical nature of environmental conservation in the current world, there 

have been many attempts to create tools to measure PEA and compare individuals participants on 

it (Milfont & Duckitt, 2010). Previous studies on PEA have also utilized clustering analysis 

method. However, cluster analysis have been used to categorize the participants into exclusive 

groups based on their characteristics external to PEA that would influence their environment 

related cognitions and actions; for example participants with different personalities with different 

levels of inclination towards environment like eco-centric, egoistic, and altruistic (Gifford, 

2014); or clusters of participants with different shopping styles (Mokhtarian, Ory, & Cao, 2009); 

these cluster analyses of participant personalities were shown to affect PEA and related 

behaviors. In contrast to these, the present study is an attempt to understand the construct of PEA 

more in depth by conducting an HCA on the questionnaire items instead of on the participants. 
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This type of analysis is expected to provide previously unknown insights into the concept of 

PEA.  

Additionally, while there have been previous studies on pro-environmental behaviors on 

Indian participants, these operationalized PEB in terms of specific actions like shopping (Datta, 

2011) or monetary spending (Trivedi, Patel, & Savalia, 2015). Hence, developing a survey tool 

like the one presented in the study that can be used to obtain large datasets with minimal 

resources could be extremely useful. The scale being standardized among an Indian sample could 

be an additional advantage since the ramifications of ecological crises are experiences most by 

the populations of developing countries like India.  

Hierarchical Cluster Analysis (HCA)   

Clustering is the process of deriving subunits or clusters from a set of data; the items in 

each subset would be similar to the other items from the same subset, but different from the 

items in other subsets. This is a data driven method where the clustering process can bring out 

previously unknown patterns hidden in the data. The clusters formed differing according to the 

method of clustering. While cluster analysis has many applications in real world setting like 

business or IT sector where categorization of large data sets to more exclusive categories can 

improve efficiency, in statistics, it functions as a data mining tool. It can automatically classify 

and segment data into meaningful groups, and can detect outliers. It is also an unsupervised 

learning technique, since the search for clusters is not guided by a pre-determined hypothesis, but 

is fully data driven.  

HCA is a type of exploratory data analysis that allows the researcher to explore the data 

and derive primary assumptions about it in a systematic manner. EDA is more suitable in the 

initial stages of the study, providing the researcher with directions for further analysis. Even if 

the research has a predetermined objective, EDA can help examine the quality of the data and 

investigate hidden patterns in it. EDA can be carried out through visualization, transformation, 

and modelling of data (Han, Kamber, & Pei, 2012). 

The clustering should be done based on some parameter that can detect similarities 

among the datasets, include the more similar ones into one category, and exclude the dissimilar 

ones that.  This similarity could be on the basis of distance, contiguity (sequential proximity, 

instead of dispersion), or density. The distance measures provide the optimal clustering, but 
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density and contiguity measures have the ability to detect more arbitrary shaped/unknown 

clusters. Clustering is more accurate among data with low number of dimensions; in case of 

high-dimensional data, the clustering done in full space could lead to errors due to irrelevant 

information, outliers, or noise. Therefore, the researcher needs expert knowledge in the subject 

matter in order to interpret the conceptual differences between the clusters. There are a variety of 

clustering methods. These include partitioning methods (distance based, creates exclusive, single 

level clusters), Hierarchical methods (creates multi-level clusters,), Density methods (creates 

density based clusters, good for finding arbitrary shaped clusters and dealing with outliers), and 

Grid methods (grid based clusters, fast processing time). The present study uses hierarchical 

method. Hierarchical Clustering shares many similarities with partitioning method. However, it 

has certain advantages over the latter as it can process distance based, continuity based, and 

density based data.  Additionally, it can also produce hierarchical, multi-level clusters.  

 Hierarchical clustering is of two types (a) agglomerative and (b) divisive. Agglomerative 

refers to the bottom up strategy of clustering whereby each objective stands on its own and 

subsequently merges into bigger clusters until a large cluster containing many individual objects 

are formed. Therefore, each item functions as a root of the cluster tree. Divisive HCA on the 

other hand is a top down strategy whereby all items begin as a single cluster which is further 

divided into smaller clusters based on their similarity. In either method, the output of an HCA is 

presented as a dendrogram - a graph in the shape of a tree - to show the clustering that place. In 

either case, the basis of clustering is the distance between items (Han, Kamber, & Pei, 2012).  

Various distance measures can be used for HCA. The present study utilizes Euclidean distance. 

Euclidean Distance. Euclidean distance refers to the length of a line drawn between two 

points. It is calculated by applying Pythagorean Theorem; a right angle is formed between the 

two points in consideration with the line connecting the two points as the hypotenuse. It is the 

smallest distance between any two points. Since it assumes all properties of a triangle it also 

follows the rules of triangle inequality, it is positive value, and is symmetric.  

Euclidean distance is distance measured in the euclidean space, i.e. the fundamental three 

dimensional space in classic geometry (x, y, z axioms). 

The formula to calculate the Euclidean distance between points a, and b is as follows:  

𝒅(𝒂, 𝒃) = √∑(𝒂 − 𝒃)𝟐 
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Ward’s method. Ward’s method is utilized to reduce within cluster variance in each 

cluster. This increases the distinctiveness between clusters, providing exclusive and more easily 

interpretable clusters.  

NbClust. While Hierarchical Cluster Analysis provides a large dendrogram as an output, 

the researcher still needs to determine the ideal number of clusters that can be derived from the 

dataset. The NbClust package of R can be used in this situation. The NbClust package consists of 

around thirty different indices that can help determine the ideal number of clusters to be derived 

from the data. While there cannot be a complete consensus among all these indices (since each of 

them use different parameters/methods to determine the ideal number), the researcher can 

depend upon the majority decision. An example for the output in given in Figure 1. NbClust 

package also assists in plotting the decision by all the indices to allow the researcher to arrive at 

the decision quickly.  

 

Figure 1-Example of NbClust output fromR Studio 

Review of Literature  

Considering that the present study explores two major concepts – Pro-environmental 

Attitudes and Hierarchical Cluster Analysis, the review of literature has followed the previous 

studies on these topics. Specifically, previous studies that used HCA to explore the Pro-

Environmental Attitudes and Behaviors have been reviewed.   

Understanding Pro-Environmental Attitudes 

Considering that human behavior can create major impacts on the ecological 

environment, the relation between the two has been a topic of interest for scientists for decades, 

specifically with the pioneering efforts from environmental psychology. There are a range of 
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theories in environmental psychology that postulates the relationship between individual 

behavior and environment. Studies on pro-environmental attitudes and behaviors adapt the 

macro-theories, relating the behaviors related to ecological conservation as yet another social 

dilemma individuals are faced with in their everyday life; in this regard, the individual choices 

that could have different impacts on the environment are affected by various internal and 

external factors, just like any other decision making process (Gifford , 2008). In contrast, meso 

theories take a more moderate approach to interpreting environment related behaviors and have 

higher predictive relationship with behaviors targeting environmental conservation. An example 

for meso theory is the VBN theory proposed by Stern (2000). According to this theory, pro-

environmental behavior from an individual is a sequential process as follows: internal factors 

(like personality and subjective values)  perceived risk about the ecological crisis  self-

efficacy  perceived responsibility towards environmental conservation  action. VBN theory 

lists four types of environment-oriented behaviors from individuals: (1) active and public 

involvement, (2) passive public involvement (e.g. supporting a movement on social media), (3) 

personal actions at home (e.g. water/waste management), and (4) personal actions in 

organizations.  

Studies have reported a number of factors that influence individuals’ pro-environmental 

attitudes and behaviors. These include psychological, socio-cultural, demographic, and 

institutional factors (Gifford, 2014; Blankenberg & Alhusen, 2019). The psychological 

determinants of PEA and PEB include conscientiousness, openness, internal locus of control, 

self-efficacy, childhood experiences, perceived moral responsibility, personal value system, and 

positive affect. Specifically, PEA determine PEB in terms of use of alternative fuels, reduced 

energy consumption, increased economic contributions to conservation efforts, use of organic 

products, etc. (Blankenberg & Alhusen, 2019). Demographic determinants include age 

(older>younger), gender (females>males), socio-economic status (higher among middle class), 

and national GDP (wealthier>poorer) (Gifford, 2014). The differences between urban and rural 

communities are ambivalent, even though the experience of environment are different for both.  

Research shows that pro-environmental attitude has only a mediating role between 

awareness about importance of environmental conservation and actual behaviors targeting it 

(Liu, Teng, & Han, 2020). A large scale meta-analysis of around six thousand participants from 

across 19 studies reported that there is only moderate correlation between self-reported measures 
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of pro-environmentalism and actual PEB (Kormos & Gifford, 2014). The researchers suggest 

that this discrepancy occurs due to social desirability bias, over-estimation of one’s own 

capacities, and myopia towards others’ behaviors.  

Attempts creating tools to understand pro-environmental behavior (PEB) has been 

suggested to follow certain guidelines that would help elicit most information about the construct 

(Lange & Dewitte, 2019). One of the major challenges in studying PEB is the difficulty in 

operationalizing it to an objective and quantifiable measure. While most studies solve this issue 

by relying upon self-reports, some measures also use trained observers. Self-report measures 

offer the advantage of structuring questions in the level of specificity desired by the researcher. 

While some attempt to measure PEB and PEA as a unidimensional construct, most studies 

consider it as multi-dimensional construct (Markle, 2013).  

Cluster Analysis on Pro-Environmentalism Research 

While extensive research has been conducted in pro-environmental attitudes and 

behaviors, only a handful have attempted clustering technique to analyze the various dimensions 

within the construct. The few studies that conducted clustering analysis on survey research 

utilized it to understand the clustering patterns among the participants, on what differentiated 

certain sets of participants from others based on their response patters. A study that indirectly 

relates to pro-environmental attitude analyzed the shopping patterns, i.e. materialistic behaviors 

of participants (Mokhtarian, Ory, & Cao, 2009). This survey study assessed the relationships on 

online shopping behaviors to pro-environmental attitudes; the preliminary examination using an 

exploratory factor analysis revealed various dimensions underlying the construct, including one 

about the environmental impact of shopping behaviors, with associations with risk assessment 

and use of technology. Cluster analysis distinguishing participant profiles revealed that shoppers 

that generally did not have a strong preference for shopping (indicating reductionism as defined 

in present study) scored high on the pro-environmentalism attitudes. Additionally, those 

individuals that had slack personalities and considered shopping to be a leisure activity 

correlated negatively with pro-environmentalism.   

Another variable assessed along with pro-environmental attitude using cluster analysis is 

dietary patterns (Asvatourian, Craig, Horgan, Kyle, & Macdiarmid, 2018). The clustering 

analysis showed three clusters of individual eating patterns; amongst the clusters those belonging 
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to health-conscious diet patterns also scored high in PEB, but not on pro-environmental attitudes. 

Another work that combines the research questions of both the studies mentioned above looked 

into consumer behavior in terms of diet conducted K means clustering analysis and recognized 

three clusters of participant profiles; pro-environmental attitudes were found not only among 

those with sustainable consumer behavior, but also among those who showed potential for such 

behavior in future, indicating that even environmental friendly intensions can create an impact 

(Annunziata & Vecchio, 2013). Similar clustering research has also been conducted on general 

consumer behavior, separating the cluster of environmental friendly shoppers (Martin, 

Furchheim, & Morhart, 2017). Individuals could also be clustered according Schwartz’ universal 

values on their environmental concern and behavior, in terms of purchase of organic foods 

(Grunert & Juhl, 1995). 

The impact of awareness about environmental conservation in the pro-environmental 

attitudes and behaviors among young adults was measured in a large scale European study, 

which revealed a strong correlation between the two variables (Zsóka, Szerényi, Széchy, & 

Kocsis, 2013). Subsequent cluster analysis among the participant profiles resulted in five groups 

ranging from strong environmentally conscious individuals whose intentions reflected in all their 

actions including shopping behavior and participation in conservation programs. On the other 

extreme were the self-indulgent and nonchalant clusters; these individuals prioritized their 

personal comfort above all and did not believe in engaging in environmental activities nor 

significance of awareness programs. The cluster-wise comparison showed clear distinction 

between all clusters with varying ranges of concern for environment (Zsóka, Szerényi, Széchy, & 

Kocsis, 2013, p. 135).  

Another study that conducted clustering in terms of environmentalism checked how 

business enterprises in tourist destinations adapted their management styles to decrease their 

effect on climate change. Among the 400 businesses under study, only the smallest cluster 

consisting of 12% of the participants had made changes that could have any positive impact. The 

other clusters constituting majority of participants had only made superficial changes that would 

not translate to actual reductions in their environmental impact (Coles, Zschiegner, & Dinan, 

2014).  

The studies presented here shows that clustering analysis in the context of environmental 

psychology has been mostly utilized in studies that defined environmentalism in terms of 
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consumer behavior. This could have been due to the nature of the tool itself, as consumer 

behavior is one of the easier measures of PEB and easy to quantify, in contrast to measures such 

as environmental consciousness or level of participation in conservation programs, that are 

harder to quantify. Additionally, the review indicated that in all contexts, cluster analysis have 

been used to categorize the participants into exclusive groups based on their behavior. None of 

the studies have utilized cluster analysis to analyze the tool itself, nor to gain additional 

understanding into the construct of pro-environmental attitudes.  

Method 

Sample 

The data was collected from 129 participants from various Indian states. The participants 

were in the age group of 18 to 65 (Mean age=27.81, SD=9.63). All participants had reading 

ability in English to understand and respond to the questionnaire. Other demographic details 

about the participants are graphically presented in Figures 1. Almost 75% of the participants 

belonged to urban or semi-urban localities. All the participants in the study had at least college 

level education. Majority of the participants had either completed or were currently pursuing 

post-graduation. The educational category of more than post-graduation consisted of individual 

pursuing M.Phil or Ph.D. Among their educational specializations, majority belonged to 

Humanities and Social Sciences (HSS); this category consisted of individuals with 

specializations in psychology, literature and journalism, law, and different social sciences like 

history and political sciences. Science category consisted of pure sciences, medical sciences, and 

engineering. Commerce category mainly consisted management and business administration 

graduates. The participants had a range of hobbies, the majority being preference for various art 

forms like music, dance, movies, literature, etc.  
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Figure 2-Demographic information about the participants 

   

Tools 

The pro-environmental attitudes questionnaire measures the individual differences in 

their concerns about preserving the ecological environment around them. The questionnaire was 

developed by Dutta Roy (2020) and it consists of 55 items that measures the construct across 9 

dimensions. The responses are collected in 5-point Likert scale format, with the answers ranging 

from ‘Strongly Agree’ (1) to ‘Strongly Disagree’ (5). 
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Data Collection 

 Given the social distancing regulations in place due to the pandemic, data collection was 

done online. While in-person data collection would have been more ideal and could have 

increased the psychometric measures, the online method allowed the researchers to accumulate 

more representative data from participants from different regions of India. Non-probability 

sampling technique was utilized. The Pro-environmental Attitudes Questionnaire (Dutta Roy & 

Biswas, 2020) was created into Google Forms and distributed to potential participants across 

social media platforms. The participants completed them at the time and place of their 

convenience. 6 research interns conducted the data collection simultaneously. The survey 

responses were compiled on a google sheet shared among the researchers.  

Data Analysis 

The data was compiled using Microsoft Excel 2013 and Google Sheets. All statistical 

analyses were done using R Studio (R Core Team, 2021; Revelle, 2020). All the scripts used for 

the analysis are available in the Appendix Table 2. The following are the analysis conducted on 

the data; all except data quality management were conducted after the HCA to understand the 

emergent clusters in detail. 

1. Data Quality Management 

Data quality management was done prior to the beginning the analysis. Primarily, the 

inter-item correlation was computer by correlating the scores obtained from all the participants in 

all 55 items in the questionnaire, to the row-wise means. This resulted in 55 correlations. Those 

items that were negatively correlated was removed first, as the negative correlation indicates that 

the item has failed to measure the construct the rest of the scale is measuring. One item was 

removed due to such negative correlation (Item no. 11). Complete list of items included in the 

final analysis are presented in Appendix 1.   

The next step was to remove outliers. The data was converted into row-wise means and 

these mean scores were graphically presented as a boxplot. This boxplot clearly showed the three 

outlier means. The rows of data that created these outliers were detected and then removed from 

the original dataset. 
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2. Normality Checking 

In statistics, many tests have the pre-requisite that the data must be normally distributed. 

This means that the sampling distribution on which the calculations are conducted should be 

distributed normally – i.e. a symmetrical distribution where the majority of scores fall close to 

the middle where the mean is located and the number of scores falling towards both ends are 

lesser. These are usually in the shape of a bell-curve. It also assesses the probability that a 

random variable underlying the distribution is obtained from a normally distributed population 

(Shapiro, Wilk, & Chen, 1968). 

Central limit theorem assures that if the sample size is large enough (the criterion falls 

among >30 to >100), the data will follow a normal distribution. However, this may not be true in 

all cases and it can affect the calculations. Many parametric tests depend on measures of central 

tendency (e.g. mean, median) and measures of dispersion (e.g. standard deviation) for 

calculations. These would be affected if the data does not follow normal distribution, leading to 

incorrect results and evaluations of the data (Ghasemi & Zahediasl, 2012; Keselman, Othman, & 

Wilcox, 2013).  

 There are two types of methods to assess normality (1) Statistical or numerical 

methods, and (2) Graphical or visual methods. Statistical methods of normality assessment 

compute the probability that the data was drawn from a normal population, providing the 

researcher with an exact p-value to refer to. These methods have the advantage of objectivity, but 

suffer from hyper-sensitivity when the sample size is large, even a slight deviation is enough to 

qualify the data as not normally distributed, making the results of this test unreliable. The 

graphical methods plot the data in different formats that the researcher can analyze visually and 

determine the normality of the data. While this indeed solves the hyper-sensitivity issue of 

numerical methods, these methods suffer from the subjectivity of assessment. The research needs 

to have expertise in visually analyzing the normality plots to accurately evaluate them; if not, it 

is easy to make errors (Mishra, et al., 2019). 

 Shapiro-Wilk’s Test. This is a statistical method to assess whether the data is normally 

distributed. Shapiro-Wilk’s test compares the data to a normally distributed set of scores with 

same mean and standard deviation as the observed scores to check their similarity. The null 

hypothesis of this test is that the data is normally distributed. Therefore, if the test result indicates 
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that the p value is less than .05, then the data is not normally distributed (Field, 2013; 'shaonim8', 

2020). 

Q-Q Plot. Q-Q plots are methods to graphically analyze the distribution of data by 

plotting two data sets against each other; specifically, the observed values on the y axis and the 

expected values from a normal distribution on the x axis. These are plotted as quantiles and if the 

datasets match each other (y=x), the plotted values fall in a 45 degree angled linear shape. To 

accurately judge this, a 45 degree angled straight line-Q-Q line- is added for reference.  

Histogram and Density Plot. Histograms are adjacent bar plots created for according to 

the frequency distribution of the data; separate bars are created for each class intervals and the 

heights of the bars represent their frequency. If the data follows the shape of a bell-curve – 

largest frequency towards the middle where the mean is located and lesser towards both the 

extremes – it can be assumed that the data is normally distributed (Mishra, et al., 2019). Density 

plots are similar to the smoothed version of a histogram. The data are plotted according to the 

density of frequency distribution. The values are transformed using the Kernal Density Estimate 

function; this is a non-parametric method to estimate probability density function – function to 

estimate the relative likelihood that any random variable could come from the sample space.  

3. Kruskal Wallis Test and Multiple Comparisons 

Kruskal-Wallis test is the non-parametric counterpart of one-way ANOVA that measures 

the existence of statistically different difference between three or more groups. This is suitable 

when the data to be analyzed is does not follow the assumptions of normality or when the data is 

categorical. The Kruskal Wallis test compares the medians of two or more groups to check 

whether they differ significantly using the H statistic. The null hypothesis of Kruskal Wallis test 

is that the medians of the groups being compared are identical (Kassambara, 2018). 

4. Mood’s Median Test and Pairwise Median Test 

Mood’s median test is similar to Kruskal Wallis in that it compares whether the medians 

of two or more groups are significantly different. Median test is also a non-parametric alternative 

to one-way ANOVA when the data is not normally distributed. The major difference between 

Kruskal Wallis Test and Median test is that- while Kruskal Wallis is robust enough to handle a 

non-normally distributed data, it does assume equality of variance. Hence, if the variance in the 
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data is not normally distributed, Mood’s median test is more appropriate. It is calculated on the 

basis of whether the scores above and below group median are distributed in a patter expected 

from a theoretical sample of same parameters (Mangiafico, 2016). 

5. Likert Scale and Exploratory Analysis  

Likert scale refers to a specific response format in questionnaires, where the participant 

can provide their agreement/ disagreement to the item in a bipolar scale with typically 2 to 10 

points in between. This method was first introduced by Rensis Likert in 1932, and is now 

commonly used in psychology, social sciences and statistics. Researchers report a number of 

biases that could emerge in the data as a result of using likert scales. Some of them are; (a) 

central tendency bias (increased likelihood of participants choosing the middle/ neutral option 

when there are odd number of likert choices), (2) acquiency bias (tendency to overly agree/give 

positive response to items even when they don't), (3) culture and social desirability bias, etc. 

There exists equivocal debate in research methodology regarding the treatment of likert scale 

data as interval or categorical scale. While there is no common consensus regarding what the 

treatment should be, researchers suggest that the items can be considered as either depending 

upon the suitability to the research question (Barry, 2017). The data could be plotted according 

to the likert responses participants provided to each item to check general patterns of responses 

(Mudge, 2019).  

Exploratory analysis is an approach that aims to analyze the pattern of data through 

various data visualization techniques without any prior assumptions about the nature of the data. 

This method is suitable when not much is known about the data and the researcher wants to 

understand its underlying structure (Croarkin & Tobias, 2003).  

Results 

The present study aimed to increase the understanding of Pro-environmental Attitudes 

questionnaire items by conducting a Hierarchical Cluster Analysis on them. Subsequent analyses 

were conducted on the emergent clusters to distinguish them from each other and understand 

their nature in detail. The results of these analyses are presented below.  
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Hierarchical Cluster Analysis 

 The data consisting of 55 columns referring to the questionnaire items and 126 rows 

referring to the participants were first transposed. Then, the Euclidean distance between the data 

points were calculated. Based on the Euclidian distance, the data was clustered where items with 

least distance between them were added to the same category and those with more distance 

between where added to separate clusters. The Euclidian distance matrices for each cluster is 

provides in Appendix Table 3. The resulting hierarchical cluster was graphically represented as a 

dendrogram, as shown in Figure 4.  

 After the clusters were plotted, the next step was to determine optimal number of clusters 

from the data. While an exact measure of the optimal number of clusters is not possible, several 

statistical measures provide an approximation of this (Oldach, 2019). NbClust package was used 

to determine the optimal number of clusters in the data. NbClust contains a battery of 30 indeces 

that help determine the ideal number of clusters from an HCA, including graphical methods like 

Hubert index and D index. Majority of indices recommended 3 as the best number of clusters 

(Figure 5). The items were then categorized into three clusters using the cutree pruning method 

and made into 3 exclusive clusters (Figure 6).  
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Figure 3 - Dendrogram of the hierarchical cluster analysis 
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Figure 4 - Optimal number of clusters based on the NbClust package. The figure shows 3 as the most optimal number of clusters that can be 

derived from the cluster analysis of study data.  
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Figure 5 - Dendrogram of the hierarchical cluster analysis with five clusters
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Normality Checking 

Primarily, the statistical method for normality checking for each cluster was conducted. 

This was necessary since the data collection involved non-probability sampling techniques. After 

the HCA, the items were grouped according to their clusters for all subsequent analysis, as seen 

in Figure 8. The row-wise means representing each cluster were also computed. The results 

obtained from conducting Shapiro-Wilk’s Test on the row-wise means of the three clusters of 

PEA are tabulated in Table 1. The results indicate that items in none of the clusters follow 

assumptions of normalcy. However, subsequent explorations were conducted keeping in mind 

the tendency of Shapiro-Wilk’s to detect even the slightest variations as deviations from 

normality. For graphical analysis of normality, Q-Q plot was constructed (Figure 2). The visual 

analysis of Q-Q plot showed that even though many of the points in middle of the distribution 

fall directly along the Q-Q line, the values at both tails of the distribution (Quartiles 1 and 4) 

deviate far from the line. This indicates that the data is not normally distributed (Varshney, 

2020). This was further confirmed by constructing a histogram and density plot of the row-wise 

means (Figure 3). The data was skewed to the right tail of the graph, indicating a negative 

skewness.  

Based on these evidence, it was concluded that the data is not normally distributed. This 

suggests the usage of non-parametric statistical measures in subsequent analysis of this data.  

Table 1- Results of Shapiro-Wilk's test of normality for each cluster 

Cluster Count W p value Skewness Kurtosis 

Cluster 1 126 0.97 0.01481 -0.48 3.72 

Cluster 2 126 0.91 5.307e-07 -1.00 3.46 

Cluster 3 126 0.98 0.03943 -0.41 3.01 
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Figure 6- Q-Q plots of the three clusters 
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Figure 7- Histogram and density plots of the three clusters 
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Kruskal Wallis Test and Multiple Comparisons 

Once the data was grouped into three clusters, the next step was to check the relationship 

among these clusters. Since the normality checking of the data suggested non-parametric 

statistics to be used in the data, Kruskal-Wallis test was chosen to check whether the three 

clusters have any difference among them at all. The row-wise means of each cluster was 

calculated and were compiled. The summary statistics of the three clusters are provided in Table 

2. The Kruskal-Wallis Test was conducted on the row-wise means of the 3 clusters and the 

results indicated that clusters are significantly different (χ2(2)=201.86, p< 2.2e-16). The effect 

size of the test was also very high (partial η2=.533), indicating a very strong statistical difference 

between the clusters. Plots of the mean scores of clusters are provides in Figure 9, 10, and 11.  

Table 2 - Descriptive Statistics summarizing the five clusters derived from the HCA 

Cluster Count Mean SD Median IQR 

Cluster 1 126 3.92 0.39 3.95 0.52 

Cluster 2 126 4.43 0.41 4.57 0.54 

Cluster 3 126 3.37 0.44 3.36 0.64 

 

Figure 8 – Box plot of the mean scores of the clusters 
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Figure 9 - Plot showing the distribution of mean scores of the five clusters 

 

Figure 10- Density Plot of the Clusters 
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Mood’s Median Test and Pairwise Median Test 

After the Kruskal-Wallis test result showed that there was significant difference between 

the clusters, the next step was to determine where exactly do these differences lie and what 

direction they are in. Mood’s Median Test and a set of pairwise comparisons such as Kruskal-

Wallis Multiple Comparisons Test, Pairwise Median Test Matrix, and Pairwise Wilcoxon Rank 

Sum Tests were conducted. The Mood’s Median test results indicated that the clusters did indeed 

differ significantly (χ2(2)=163.47, p< 2.2e-16). The results of the multiple comparison tests are 

provided in Table 3. The results indicated that all the clusters differed significantly from each 

other.  

Table 3 - Pairwise comparisons between the clusters 

Cluster Pair Mean Diff. Observed Diff. Critical Diff. p unadjusted p adjusted Interpretation 

Cluster 1 Cluster 2 0.51 96.69 32.96 1.016e-16 1.524e-16 TRUE 

Cluster 1 Cluster 3 -0.55 98.84 32.96 1.384e-10 1.384e-10 TRUE 

Cluster 2 Cluster 3 -1.06 195.54 32.96 0.000e+00 0.000e+00 TRUE 

Exploratory Analysis  

In order to conduct additional exploratory analysis on the data through graphical 

technique to understand any hidden patterns, exploratory analysis was done. Separate likert plots 

and heat plots were constructed original, non-transformed responses from the participants 

(Sullivan & Artino Jr, 2013). This was further corroborated with Small Multiples plots using 

transformed scores that were utilized for final analyses. Introduced by Tufte, Small Multiples are 

a multivariate data visualization technique where several small individual plots could be added 

for each dimension of a multivariate variable.  This provides separate, individual insight into 

each dimension unlike a single plot that combines all the variables together, yet the researcher 

can have a  holistic perspective into  all the dimensions simultaneously. This is a quick and 

comprehensive tool to understand rich, multivariate data (Gemignani, 2011).  

Figures 12, 13, and 14 shows the distribution of participants’ scores across the items in 

cluster 1. The likert plot and heat plot shows that there is high levels of agreement among the 

participants in their scoring patterns. With the exception of item X about balance of nature, most 

participants had consensus about their responses to items. As seen from figure 12, most 

participants (more than 60%) disagreed on the first eight items; all of these eight items were 
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negatively correlated items about how activities directed at environmental conservation is 

difficult or inconvenient. Similarly, all participants displayed high levels of agreement on all 12 

items after item X (range 58 to 85%). Similar to the previous section, all the items in this section 

were positively worded. This general consensus in responding pattern can also be seen in Figure 

13. While the likert plot and heat plot utilized the untransformed raw scores, the small multiples 

in Figure 14 were plotted using the transformed scores. The general agreement in the earlier 

figures can be seen in the shape of a negative skewness in all the items except item X.  

Cluster 2 items are presented in Figures 15, 16, and 17. Similar to the previous cluster, 

the inter-rater reliability is high in this dimension as well. Likert plot in Figure 15 shows that 

more than 81% participants disagree on the first three items and 75-90% participants agree on 

the next twenty items in the cluster. The heat plot also notes this 20-3 distinction categorically 

(Figure 16). As expected from cluster 1, the 3 items with high levels of disagreement are all 

negatively phrased items. The transformed scores in small multiples plots show this trend as high 

levels of negative skewness with extremely low responses in the lower end of the scale and a 

significant majority being clustered at the higher ends of the scale. Not a single item from cluster 

2 deviates from this pattern, with no deviation even to the neutral category, i.e. response 3.  

The final three figures – 18, 19, and 20 represent the items from the third cluster.  Unlike 

the previous two clusters, there is less participant consensus on the responses. 
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Figure 11- Likert plot of cluster 1 
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Figure 12- Heat plot of cluster 1 items 
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Figure 13- Small multiples plot of cluster 1 items 
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Figure 14- Likert plot of cluster two items 
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Figure 15- Heat plot of cluster 2 items 
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Figure 16- Small multiples plot of cluster 2 items 
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Figure 17- Likert plot of cluster 3 items 

 

 

Figure 18 - Heat plot of cluster 3 items
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Figure 19- Small multiples plot of cluster 3 items
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Discussion 

With deterioration of natural environment due to man made changes catching up to 

humanity as seen by the ecological crises throughout the globe, the world is gradually becoming 

more and more aware of the significance of preserving the environment. Every discipline is 

contributing to the efforts to preserve the planet for the future generation, including psychology. 

Consequently, the research focus on environmental psychology, specifically the role of 

individual cognition and actions relating to the natural environment has increased in the last few 

decades. In the present study, the pro-environmental attitude questionnaire was created to assess 

individual cognitions regarding the protection and conservation of ecological environment.   The 

questionnaire contained 55 items to measure the pro-environmental attitude across 8 dimensions 

of the construct. Data was collected from 129 participants using online data collection methods. 

Being one of the first studies using this scale, the primary objective was to discover all the 

previously unknown patterns in the data by following a data driven model of analysis. All the 

analyses were conducted using R Studio (R Core Team, 2021).  

The Hierarchical Cluster Analysis was conducted on the transposed data to discover the 

clusters among the 55 items used to measure pro-environmental attitude. This method of 

conducting clustering on the items instead of on the participant profiles was different from the 

previous studies; this method was adopted for the purpose of discovering more about the 

construct itself rather than about the participant responses. Three major clusters emerged from 

the study and the group wise comparisons based on the median revealed that all three groups 

differed from each significantly (p<.001). Since the normality testing conducted prior to the 

analysis revealed that the data does not follow a normal distribution, non-parametric statistics 

were utilized throughout. Since the clustering was done based on the Euclidian distance between 

items, the next task was to identify the conceptual differences between the items; and the 

conceptual similarity among the items within each cluster. Various graphical measures were used 

to plot the data from each cluster item wise and the response patterns were compared with the 

previous literature and Euclidean distance matrix to understand the conceptual relation among 

items in each cluster. 

Before analyzing each of the clusters and its constituents in detail, the overall conclusions 

that can be drawn from all three clusters could be looked at. There are certain patterns that hold 

true for all clusters and the research design and sample suggest reasons for why that could be the 
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case. The item-wise plots of both cluster 1 and 2 indicate high levels of consensus among the 

participants across items. There is negative skewness across these items, indicating that most 

participants scored highly most PEA items. This finding could be interpreted in two different 

ways. First, it is possible that the participants are indeed all higher in their PEA. The sample 

chosen in the present study were predominantly educated young adults from urban areas, factors 

previous studies have reported to be associated with higher levels of PEA (Gifford, 2014). It is 

possible that due to their increased access to information and resources, the sample is selectively 

higher on PEA, suggesting that the sample is not very representative. An alternative explanation 

for this trend is that the participants responded in similar manner social desirability bias, fearing 

judgement of being perceived as less inferior for their honest, not concerned about the 

environment responses (Abrahamse & Steg, 2013). These two possibilities have to be kept in 

mind while analyzing the clusters individually. 

The cluster 1, consisting of 21 items from the pro-environmental attitude questionnaire, 

had relatively high levels of participant consensus in responding style. Majority of participants 

disagreed on items that were reverse scored and agreed on items that were directly enquiring 

about pro-environmental attitudes (PEA). Overall, the scores indicate that participants score high 

on PEA. The items in the scale were related to the domains of cleanliness, conservation, 

recycling, public support, and the capacity and control of the ecological environment. Hence, this 

cluster consisted of items regarding the general cognitions regarding conservation; this is 

specifically visible in items regarding the capacity of ecology to withstand man-made changes 

and how much control should human beings attain over the natural environment. These 

dimensions have also been reported in previous scales of pro-environmental attitude (Milfont & 

Duckitt, 2010). This could indicate that the potential criterion validity of items in this cluster. 

Furthermore, most of the sample from whom data was obtained were adults with at least college-

level education residing in urban areas and with access to internet and technological devices 

(since the data collection itself was online), it is possible that they were all generally of higher 

levels of awareness about environmental conservation. However, this also raises an issue; 

previous studies report that knowledge about environmental conservation often do not translate 

to behaviors in that direction, even when the education programs target ages as young as school 

children (Liu, Teng, & Han, 2020). Most questions in this cluster were also directed at 

respondent’s general attitude towards an environmental issue; for example, items like “Nature is 
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important”, or “Govt. should provide guidelines”. Referring to the ABC model of attitudes 

(Eagly & Chaiken, 1988), it is possible that the items in this cluster measured the cognitive 

aspect of the PEA- specific to individual awareness about pro-environmentalism and activities 

related to it. Based on these interpretations, cluster 1 is named as Cognitions about 

Environmental Conservation. Therefore, this consists of the knowledge individual has about 

environmental conservation and the score a participant can obtain in this category could be 

affected by their levels of education and exposure.  

Cluster 2 contained 23 items and all the items displayed high levels of inter-rater 

reliability. Participants showed 70 to 95% consensus in responses to all the items in this cluster. 

The small multiples plot of this cluster (Figure 17) showed negative skewness in all the items, 

showing that participants were most likely to give high scores in these items. This could be due 

to a variety of reasons in addition to the ones mentioned above. Most items in Cluster 2 were 

relating to the personal actions of participants, tasks where they could have agency. These 

included questions directly referring to participants actions in water conservation, waste 

management, recycling, etc. Previous research has shown that participants are more likely to 

display higher levels of pro-environmentalism in items that relate to their personal norms 

(Nordlund & Garvill, 2003). Further, many items in this cluster directed the respondents directly, 

beginning in first person (“I” statements). This could indicate factors participants have direct 

control over, a variable that has been shown to influence PEA and behavior (Pavalache-Ilie & 

Unianu, 2012). Based on the action-orientation of these items, it is possible that this cluster 

measured the Behavior aspect of ABC model of attitudes. Based on this interpretation, this 

cluster is named as Personal Actions for Environmental Conservation. Among the three 

clusters in this questionnaire, it is possible that this cluster could be most similar to measures of 

pro-environmental behavior. Psychological factors that could potentially play a role in this 

include individual agency, self-efficacy, locus of control, etc. As previous literature have shown 

the impact these factors can have on PEA and PEB (Gifford, 2014), future studies can check for 

correlation of this cluster scores with those variables.  

In comparison to the previous two clusters, cluster 3 items received mixed responses 

from participants. None of the items had more than 60% unanimous response patterns. This 

heterogeneity in responses was also visible in the theme of the items. The items in cluster three 

were designed to elicit a variety of dimensions of PEA. The nature of the items and the feedback 
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received from a few participants suggest that these items were difficult to interpret or were 

interpreted differently by different participants, leading them to give neutral responses. Certain 

items like “dusting increases productivity”, and “loss of rainforests restricts development of new 

medicines” could be interpreted as indicating both high and low PEA depending on the 

respondent’s perspective. The small multiples plot for cluster 3 (Figure 20) shows a clustering of 

responses in the middle of the graph at least in half the items. Unlike the previous two clusters, 

the items in this cluster could be placed for a revision to make them easier to understand. 

Potential future studies could check for ambiguity of items and improve upon the items that 

require further clarification. Until such correction is made, the third cluster is named as General 

Statements about Environment. According to the domain-wise classification of PEA, this 

cluster consists of items about Cleanliness, Conservation, and Reuse.  

Suggestions, Implications, and Limitations  

Based on the objectives of the study and its findings, the following suggestions could be 

made. Primarily, the response patterns to individual items indicate that the question phrasing 

style could have an impact on the participant responses. Different framing styles could create 

psychological biases to individuals’ evaluation of the question item itself, thereby biasing the 

responses (Schoch, Yang, & Ji, 2020). Therefore, further explorations could be done into the 

face validity of the questionnaire items. Secondly, the items included in the present study mainly 

targeted environmental concern and activities related to it in the private aspects of individuals’ 

lives. The scale could be revised to include more items in public spheres, for example 

organizations where individual studies/works; previous studies show that the responses with 

respect to public behavior is more likely to correlate with actual behavioral patterns of 

individuals (Abrahamse & Steg, 2013). In the same regard, the analysis of PEA could also take a 

larger perspective, by collecting information about the external factors that influence individual 

attitudes. This could include information about environmental conservation taking place around 

the individual – in their family, neighborhood, community, state etc. Since context could play a 

role in the development of PEA, such information could provide more insight.   

Additionally, the items could also include action-related related questions. This is due to 

two reasons. Primarily, the weak correlation between PEA and behavior (Kormos & Gifford, 

2014). Secondly, the proposition of VBN theory that locus of control and self-efficacy could 
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influence PEA (Abrahamse, Steg, Gifford, & Vlek, 2009). Another major variable that could 

influence PEA is demographic factors; studies report the effect of age, gender, locality, socio-

economic status, etc. to have significant impact on PEA (Gifford, 2014). Since the present study 

consisted of a limited sample, a diverse demographic sample could make the data richer and 

show distinctions among participant profiles through clustering, as previous studies have.  

Furthermore, certain domains of PEA included in the certain scale have clustered 

together and are present in other standardized scales as well, suggesting potential criterion 

validity. These include items on the balance and fragility of ecology, perceived risks, level of 

manipulation and human involvement on the ecology, and personal behaviors targeting 

conservation (Milfont & Duckitt, 2010). Since these dimensions are already proven to be 

associated with PEB, subsequent studies using the current scale could emphasize more along 

these dimensions.  

 This study has a number of limitations as well. It has to be pointed out that the correlation 

between the self-reported measures of pro-environmental attitudes and its projection to actual 

behavior is not analyzed in the present study. Additionally, the findings could also suffer from 

the limitations of self-report measures being distant from actual behaviors, distancing their 

intentions and actions (Kormos & Gifford, 2014). There could also be issues of different 

individuals interpreting the scale items differently due to the online mode of data collection 

(Lange & Dewitte, 2019). Therefore, the future studies could combine the tool presented in the 

study with external measures of behaviors targeted at conserving the environment to get a 

comprehensive idea about how the cognitions translate to behavior.  

Conclusion  

The Hierarchical Cluster Analysis of items in the Pro-Environmental Attitude 

Questionnaire resulted in three clusters; namely, Cognitions about environmental Conservation, 

Personal Actions for Environmental Conservation, and General Statements about the 

environment. The clusters of pro-environmental attitude emerged from the present study were 

different from each other both statistically and conceptually. This contributes to the existing 

literature on pro-environmental attitudes by providing evidence for the multidimensional nature 

of PEA. Further, the participants displayed high levels of consensus in their response patterns, 
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indicating either potential social desirability bias or a limited sample; in either case, this suggests 

the expansion of this tool and PEA using more diverse methodology.  
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Appendix A 

Table 4 - Pro-environmental attitude questionnaire items 

Code Questionnaire Item 

A I think spending time in maintaining a clean household is boring 

B Nature is important because of what it can contribute to the pleasure and welfare of humans. 

C I do not believe protecting the environment is an important issue. 

D It is possible to improve quality of care if Governmental guidelines are provided. 

E It is better to use roof, balcony and windows for gardening. 

F 

Industry should be required to use recycled materials even when this costs more than making 

the same products from new raw materials. 

G I am enthusiastic to use old goods provided by others. 

H Conservation lowers peoples’ standard of living. 

I Saving one plant instead of cutting reduces global warning. 

J I prefer to change the things if it adversely affects the environment. 

K Humans will eventually learn enough about how nature works to be able to control it. 

L The balance of nature is very delicate and easily upset. 

M Recycling is hectic and inconvenient. 

N Reuse preserves resources. 

O We should conserve environment even if peoples’ welfare suffers. 

P Loss of goods occurs due to regular dusting. 

Q Participating in decision making process helps one to be aware of the environment. 

R I prefer sticking to a plan that works according to my needs. 

S Regular environment awareness programs can help conserve the natural environment. 

T The so-called “ecological crisis” facing humankind has been greatly exaggerated. 

U Recycling prevents buying new materials and protects environment. 

V Reuse helps protect environment. 

W Loss of rainforests restricts development of new medicines. 

X The balance of nature is strong enough to cope with the manmade changes in the environment. 

Y I prefer using dustbins instead of littering on the street. 

Z As soon as I see an environmental problem, I start looking for a possible solution. 

A1 I prefer to use separate waste bins for recyclable and non-recyclable products. 

B1 When humans interfere with nature it often produces disastrous consequences. 

C1 Recycling plastics help the environment. 

D1 I prefer materials that can be reused. 

E1 Environment should be protected for wellbeing of plants and animals rather than humans. 

F1 Maintaining cleanliness is time consuming. 

G1 I am not bothered by deforestation. 

H1 I have a hard time setting goals relating to environment. 

I1 Authority provides little fund to conserve the environment. 

J1 Different sections in the institution should provide different waste bins. 

K1 Humans have the right to modify the natural environment to suit their needs. 

L1 I am willing to change my lifestyle to reduce environmental damage. 

M1 I am not bothered to save water. 
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N1 Dusting increases productivity. 

O1 I think compassion towards animals is necessary. 

P1 People should carry out Government’s recommendation to control global warming. 

Q1 Plants are taken care of in this institution. 

R1 Segregation of waste materials is inconvenient. 

S1 Recycling a product reduces its productivity and quality. 

T1 I prefer not using plastics even if there are no alternatives. 

U1 I intend to save natural resources whenever possible. 

V1 The Earth has plenty of natural resources if we just learn how to develop them. 

W1 I think using solar energy is inconvenient. 

X1 I am willing to consider other ways of making the environment better. 

Y1 Plants and animals have as much right as humans to exist. 

Z1 Humans are seriously abusing the cleanliness of the environment. 

A2 It disgusts me to see recyclable things thrown away. 

B2 I think using bottles to plant trees help environment. 

C2 I try to find ways to conserve power in daily life. 
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Appendix B 

R Scripts  

a=read.table(file="clipboard",header=T,sep="\t") 

 

#Data Quality Management  

rmean=apply(a,1,mean) 

boxplot(rmean,col="palevioletred",main="Data with Outliers")$out 

b=a[-c(16,36,91),] 

a=b 

rmean=apply(a,1,mean) 

boxplot(rmean,col="olivedrab1",main="Data without Outliers") 

 

#Demographic Information Plots (same format repeated for each 

cluster) 

e=read.table(file="clipboard",header=T,sep="\t") 

pie(x=e$Frequency,labels=e$Category,main="Hobbies",clockwise=TRUE,ini

t.angle = 

90,col=c("peachpuff","powderblue","plum","lightsalmon","darkgoldenrod

1")) 

 

#Hierarchical Clustering and Dendrograms 

ta=t(a) 

d=dist(ta,method="euclidian") 

fit=hclust(d,method="ward.D") 

plot(fit) 

 

#NbClust Method for Optimal Number of Clusters 

library(NbClust) 

a.nbclust <- NbClust(a, distance = "euclidean",min.nc = 2, max.nc = 

10,method = "ward.D", index ="all") 

factoextra::fviz_nbclust(a.nbclust) + theme_minimal() + 

ggtitle("NbClust's optimal number of clusters") 

 

#Pruning 

library(HH) 

cutree(fit,k=3,h=NULL) 

table(cutree(fit,k=3,h=NULL)) 

rect.hclust(fit, k = 5, border = 2:6) 

tmp<-kmeans(ta,6,nstart = 30) 

fviz_cluster(tmp, data = ta) + theme_minimal() + ggtitle("k = 6") 

 

#Cluster-wise summary 

library(dplyr) 

c=read.table(file="clipboard",header=T,sep="\t") 

dim(c) 

group_by(c,Cluster) %>% 

  summarise( 

    count=n(), 

    mean=mean(Mean, na.rm = TRUE), 
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    sd=sd(Mean, na.rm = TRUE), 

    median=median(Mean, na.rm = TRUE), 

    IQR=IQR(Mean, na.rm = TRUE)) 

ggboxplot(c,x="Cluster",y="Mean",color="Cluster",palette=c("#00AFBB",

"#FF0066","#FF3300"),title="Boxplot of Clusters") 

ggline(c,x="Cluster",y="Mean",add=c("mean_se","jitter"),order=c("Clus

ter 1","Cluster 2","Cluster 

3"),ylab="Mean",xlab="Clusters",title="Scatter Plot of Clusters") 

 

#Normality Testing (Repeated for each cluster) 

shapiro.test(C1mean) 

colors() 

qqnorm(C1mean,col="firebrick1") 

qqline(C1mean,lwd=1.5) 

hist(C1mean,freq=FALSE,col="mistyrose1",main="Histogram and Density 

Plot of Cluster 1",xlab="Row-wise Mean Scores",xlim=c(3,5)) 

lines(density(C1mean),lwd=2) 

 

#Kruskal Wallis Test 

kruskal.test(Mean~Cluster,data=c) 

kruskalmc(c$Mean,c$Cluster,probs=0.05,cont=NULL) 

library(rstatix) 

kruskal_effsize(data=c,formula=Mean~Cluster,ci=FALSE,conf.level=0.95,

ci.type="perc",nboot=1000) 

 

#Mood’s Median Test 

c$Cluster<-as.factor(c$Cluster) 

str(c) 

library(coin) 

median_test(Mean~Cluster,data=c) 

library(rcompanion) 

pairwiseMedianTest(Mean~Cluster,data=c) 

PT<pairwiseMedianTest(Mean~Cluster,data=cano,exact=NULL,method="fdr") 

cldList(p.adjust~Comparison,data=PT,threshold=0.05) 

pairwiseMedianMatrix(Mean~Cluster,data=c) 

 

#Post Hoc Multiple Comparison Tests 

library("pgirmess") 

kruskalmc(c$Mean,c$Cluster,probs=0.05,cont=NULL) 

pairwise.wilcox.test(c$Mean, c$Cluster,p.adjust.method="fdr") 

PT<-pairwiseMedianMatrix(Mean~Cluster,data=cano) 

library(multcompView) 

multcompLetters(PT$Adjusted,compare="<",threshold=0.05,Letters=letter

s) 

TukeyHSD(aov(c$Mean~c$Cluster)) 

e<-aov(c$Mean~c$Cluster) 

TukeyHSDs(TukeyHSD(e)) 

 

#Likert Plots (same format repeated for each cluster) 

CL3=read.table(file="clipboard",header=T,sep="\t") 

head(CL3) 
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choices=c("Highly Disagree","Disagree","Neutral","Agree","Highly 

Agree") 

for(i in 1:ncol(CL3)){ 

CL3[,i]=factor(CL3[,i], levels=1:5, labels=choices, ordered=TRUE)} 

 

CL3<-CL3 %>% 

rename("I am enthusiastic to use old goods provided by others"=G, "We 

should conserve environment even if peoples’ welfare suffers"=O,…..) 

 

LC3<-likert(C3) 

CL3title<-“Likert Plot of Cluster 3” 

plot(LC3,centered=FALSE)+ggtitle(CL3title)+theme(axis.text=element_te

xt(size=8)) 

likert.bar.plot(LC3) 

plot(LC3,type="heat") 

summary(LC3) 

 

#Small Multiples Plot –Density (Repeated for 3 Clusters) 

ggplot(data=smc2) + 

  geom_density(mapping=aes(y=Scores.y., group=Items.z., 

fill=Items.z.)) + 

  scale_fill_viridis(discrete = TRUE) + 

  theme(legend.position="none") + 

  ggtitle("Cluster 2 Small Multiples Plots") + 

  ylab("Pro-environmental Attitude Questionnaire Scores")+ 

  theme_ipsum() + 

  theme( 

    legend.position="none", 

    panel.spacing = unit(0.1, "lines"), 

    strip.text.x = element_text(size = 8,face="bold") 

  ) + 

  facet_wrap(~Items.z., scale="free_y")+ 

  coord_flip() 

 

#Small Multiples Plot-Bar Diagram (Repeated for 3 Clusters) 

ggplot(data=smc2) + 

  geom_bar(mapping=aes(y=Scores.y., group=Items.z., fill=Items.z.)) + 

  scale_fill_viridis(discrete = TRUE) + 

  theme(legend.position="none") + 

  ggtitle("Cluster 2 Small Multiples Plot") + 

  ylab("Pro-environmental Attitude Questionnaire Scores")+ 

  theme_ipsum() + 

  theme( 

    legend.position="none", 

    panel.spacing = unit(0.1, "lines"), 

    strip.text.x = element_text(size = 8,face="bold"))+ 

  facet_wrap(~Items.z., scale="free_y")+ 

  coord_flip() 
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Appendix C 

 

Figure 20 - Distance matrix for cluster 1 

 

Figure 21 - Distance matrix for cluster 2 

 

Figure 22 - Distance matrix for cluster 3 


