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Executive Summary 
 

This report is structured as follows:  

 

In the following section 1, a brief overview on work package 6 is given. The final outcome of the 

first report in WP6, D6.a, was from a theoretical point of view, a 1st final cognitive model, and 

from a practical point of view, according questionnaires to measure the variables of this cognitive 

model. The previous report, D6.b, aimed to update this 1st final cognitive model based on empirical 

data. This present report D6.c aims to evaluate and validate the updated cognitive models. For this, 

we applied the Inductive Item Tree Analysis with empirical response patterns from the 

questionnaires.  

 

As it will be reflected in section 2, all reports in WP6 build upon each other and are considered as 

continuous report. Section 2 gives a brief recapitulation of the work so far. 

 

As it has been outlined in the outlook section of D6.a an adaptive assessment procedure would be 

very beneficial, in particular for iterative test sessions with participants since it would dramatically 

reduce the amount of items proposed to the participants. One successful adaptive assessment 

approach is based on the Knowledge Space Theory (KST). The theoretical background of this 

theory is described on section 3. 

 

In section 4 we briefly outline the Inductive Item Tree Analysis (IITA). Its original aim was to 

define knowledge spaces (as suggested by the KST). The IITA delivers “implies-relations” on a 

set of dichotomous items. In case of such implication between two items, one can infer a “positive” 

(or “solved”, “agreed”, “yes”) -answer from appositive response to another item. Such 

implications enable to apply efficient, adaptive assessment procedures.     

 

In section 5, we applied the IITA for the different energy domains (dwelling, mobility, leisure 

activities) and with the overall data across all energy domains. The outcomes are IITA models 

(depicted as Hasse diagrams) that show the “implies-relation” between the variables of the updated 

cognitive model. The “implies-relation” can be considered ascausal-like relationships between the 

variables (strictly speaking from a methodological point of view, causal relationships can be only 

deduced due to experimental settings). Thus, it enriches the purely correlative methodological 

approach described in D6.b.  

 

Section 6 discusses the outcomes of the work in Task 6.3 and WP6 in general.  

 

This discussion and reflection is followed by the bibliography (section 7) and two appendices 

(Appendix A: The compatible “Knowledge” states for the different IITA models and Appendix B: 

the reduced questionnaires for the different energy domains.  
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1 Introduction 
 

The goal of CODAloop´s work package 6 (WP6) is to develop, evaluate and validate cognitive 

models that describe current and predict future energy consumption and the impact of factors 

which facilitate learning, i.e. behavioural change over time. A schematic overview on WP6 and 

the tasks T6.1, T6.2 and T6.3 is shown in Figure 1.  As it is indicated in Figure 1, the “final 

outcome” of T6.1 (“Elaboration of cognitive models and operationalization”) was a 1st final 

cognitive model and an according questionnaire. These outcomes have been described in 

Deliverable 6.a. In the course of T6.2 (“Individual and community-based cognitive models”) and 

in close collaboration with WP2, data from end-users (inhabitants respectively households from 

Amsterdam, Graz, and Istanbul) have been collected and analyzed. The result of this data analysis 

is an empirically updated cognitive model and questionnaires for the energy areas dwelling, 

mobility and leisure activities, with a significantly reduced set of items compared to the initial 

version as developed in T6.1. The data analysis process and the outcomes have been described in 

D6.b. 

 

 
 

Figure 1: Overview on the processes and outcomes of WP6  
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In line with the Description of Work, T6.3 (“Evaluations and validations to improve model-fit “) “aims at 

fine-tuning the cognitive models established in T6.2.” As it has been outlined in D6.b, the empirically 

updated models were purely correlative, rather than indicating causal relationships between the variables 

(in the sense that one variable has an impact on another variable). From a strict methodological point of 

view, causal relationships between variables can be only observed in experimental or quasi-experimental 

settings. Other statistical methods, such as Structural Equation Modelling (SEM), require very large data-

sets and enable to extract “causal-like” relationships (it is highly disputed if the relations of a SEM can be 

interpreted as causal or not). A suitable alternative are methods that are not based on correlations or 

correlation matrices (as it is the case for most linear, multivariate analysis methods such as regression 

models, etc.) or generally speaking: symmetric relations between two variables (if A is related to B, then B 

is related to A). One of such methods is the Inductive Item Tree Analysis (IITA) that delivers “implies-

relationships” on a set of items. Such an (asymmetric) relationship (A implies B, but B does not necessarily 

imply A) could be interpreted as “causal-like” relationships.  

 

The outcome of this report D6.c are IITA models for dwelling, mobility and leisure activities, that enrich 

the interpretation of the purely correlative models described in D6.b.  
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2 Recap 
 

2.1 Motivation for cognitive modelling 
 

It is to a large extend the lifestyle (consumption, mobility, etc.) of individuals, households and 

cities in the ‘western world’ that contribute to energy consumption, and in consequence, to 

greenhouse gas emissions. Understanding the underlying cognitive and affective dimensions of 

energy consumption of individuals, such as motivation, cognitions, attitudes, potentials and 

barriers is a necessity but not sufficiency to successfully apply concrete means to support people 

in reducing their energy consumption.    

 

A cognitive model is a set of variables, also called factors or constructs, and their relations to each 

other. A cognitive model on behaviour or behavioural change ideally encompasses all 

psychological variables that allow to predict the behaviour of individuals or groups of individuals. 

The benefit of such a cognitive model is at least twofold: On the one hand, it allows to predict 

behaviour and behavioural change, on the other hand, it enables to understand why or why not 

individuals show some certain behaviour or behavioural change: because of the interplay of the 

cognitive model´s underlying variables and constructs.  

 

In psychology, in particular in the fields of health psychology and social psychology, a wide range 

of cognitive models that aim to predict actual behaviour exists. Thus, we built upon such existing 

models and theories as well as already existing operationalisations of variables and constructs in 

the literature, and adapted them to the needs of CODALoop.  

 

This chapter is therefore structured as follows: i) Analysis of existing cognitive models and 

theories on behavioural change, ii) Analysis and selection of cognitive variables and constructs, 

iii) Definition of the initial cognitive model iv) Operationalization of cognitive variables and 

constructs, v) Empirical data collection and analysis, and finally, vi) Refinement of the cognitive 

model based on empirical results. 

 

Analysis of existing cognitive models and theories on behavioural change 

 

The following eight cognitive models and theories on behaviour and behavioural change have been 

taken into account for an in-depth analysis of their empirical evidence such as validity and 

predictive power as well as their included variables and constructs:  

 

 Social Cognitive Theory (see Bandura, 1977, 2001), 

 Health-Belief Model (see Becker, 1974; Janz and Becker, 1984), 

 Theory of Reasoned Action (see Fishbein and Ajzen, 1975), 

 Theory of Planned Behaviour (see Ajzen, 1985, 1991)   

 Protection Motivation Theory (see Rogers 1975, 1983) 

 Health Action Process Approach (see Schwarzer 1992, 2008) 

 Transtheoretical model (see Prochaska and DiClemente, 1983; Prochaska and Velicer, 

1997) 

 Precaution Adoption Process Model (see Weinstein et al., 1998). 
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Theory of Reasoned Action 

 

The Theory of Reasoned Action proposed by Fishbein and Ajzen (1975) aimed to explain the 

relation between attitudes and behaviour. The reason for that was that attitudes – contrary to 

intuitive assumptions and hypotheses – didn´t predict behaviour to a high extend.  

 

It has been assumed that there could be a mediating variable between attitudes and behaviour: 

intention. In other words, “a person´s intention to perform (or not to perform) a behaviour is the 

immediate determinant of that action” (Ajzen, 1985, p.12). An intention is a consciousness 

decision of a person to perform (or not perform) a behaviour or a mandatory decision to try to 

reach a certain goal.  

 

Attitudes can be considered as (sometimes emotionally-connoted) beliefs about themes, 

suggestions, movies, political views, etc. which have been evaluated.  They represent “a summary 

evaluation of a psychological object captured in such attribute dimensions as good-bad, harmful-

beneficial, pleasant-unpleasant, and likable-dislikable” (Ajzen, 2001, p.28). Besides attitudes, the 

second main factor that has an impact on (behavioural) intention is subjective norms. Subjective 

norms are one owns beliefs about the expectations of significant others (as well as the society as a 

whole).    

 

Both preceding factors are considered multiplicatively: they require a value below an absolute 

minimum, otherwise, combined they will have a cero-effect. In the case of attitudes, the two 

preceding factors are beliefs about the consequences of a certain behaviour (or behavioural change) 

and the evaluation of these consequences. Subjective norms result from the interplay between 

Normative Beliefs i.e. beliefs about what others expect from oneself and the motivation to comply, 

i.e. the motivation to meet the expectations from others. 

 

Theory of Planned Behaviour 

 

In a nutshell, the Theory of Reasoned Action is only applicable in situations and contexts which 

are under volitional control of the person. This aspect is covered by the Theory of Planned 

Behaviour by also including the factor Perceived Behavioural Control. Perceived Behavioural 

Control encompasses aspects of controllability (“I am able to afford organic food (and I am willing 

to buy it), therefore I am in control of this potential behaviour of buying only organic food”).  The 

Theory of Planned Behaviour is represented in Figure 2. 

 

Similar as for Attitudes and Subjective Norms, Perceived Behavioural Control has two, 

multiplicatively related, preceding factors: i) Control Beliefs, i.e. beliefs that the behaviour as such 

and the contextual and situational factors in which the behaviour might be embedded is under one 

owns control, and ii) Influence of control beliefs, i.e. belief that one owns controllability of the 

behaviour is actually influential. 
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Figure 2: Theory of Planned Behaviour 

 

Analysis and selection of cognitive variables and constructs 

 

The variables and constructs of all theories and models listed above have been analysed with 

regards to their predictive power of behaviour and behavioural change, as suggested by empirical 

studies. In addition to that, it has been analysed to which extend the variables are overlapping – in 

some cases different authors use different labels for the same (or at least very similar) constructs. 

Based on this literature review and analysis, the following clusters of variables and constructs have 

been selected for the initial cognitive model: 

 

A) Self-efficacy (including its parts or stages: a1) “action”, a2) “maintain” and a3) “recovery”-self 

efficacy) 

B) Perceived Behavioural Control (including its underlying factors: b1) Control Beliefs and b2) 

Influence of control beliefs) 

C) Attitudes as well is preceding factors1) Outcome expectations and c2) Evaluation of 

consequences. 

D) Utility evaluation, which results from the difference between d1) Perceived Benefits and d2) 

Perceived costs and barriers. 

E) Subjective Norms, including its underlying factors: e1) Normative Beliefs and e2) Motivation 

to comply. 

F1) Motivation, F2) Volition, F3) Intentions and F4) Goals and F5) Past Behaviour (these variables 

are considered as highly interrelated). 

G) Cues to action (or generally speaking: knowledge; including about possible alternatives).  

H) Socio-structural factors and Demographic Variables. 

 

Definition of the initial cognitive model 

 

The initial cognitive model encompasses the Theory of planned behaviour (see Figure 2) as core 

part and is extended by some additional variables:  

 

Self-efficacy is a core concept of the Social Cognitive Theory (Bandura, 1977, 2011) and defined 

as the evaluation of (and belief bout) one owns competence to apply a certain behaviour, even in 

“difficult” situations. It is considered as slightly more specific than Perceived Behavioural Control 

(Ajzen, 2002). In this case, we assume a “is-part-of” relationship and the arrow in Figure 3 can be 

read as “Self-efficacy contributes to Perceived Behavioural Control”. 
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In line with the Health Action Process Approach, we distinguish between three stage-specific 

forms of self-efficacy: i) Action self-efficacy, which refers to a stage in which an individual does 

not yet act, but a process in which he or she develops a motivation to do so, ii) Maintenance self-

efficacy, that represents optimistic beliefs about one’s capability to deal with barriers that arise 

during the maintenance period, and iii) Recovery self-efficacy that addresses the experience of 

failure and recovery from setbacks. We assume that the first two forms of self-efficacy directly 

affect different motivational factors: Action self-efficacy should affect Behavioural Intention, 

while Maintain self-efficacy should have a direct impact on Volition. Finally, it is assumed that 

Recovery self-efficacy directly impacts Behaviour, or to be more precise, behavioural self-

regulations in case of setbacks.  

 

With regards to motivational factors, it is assumed that Motivation (F1) requires the existence of 

Goals (F4) and Behavioural Intentions (F3), and that Motivation is required for Volition (F2). In 

other words: Without goals and intentions no motivation, without motivation no volition, without 

volition no behaviour. For the moment we assume simple linear relationships between the 

predictors (F1 to F4) and the criteria (behaviour or behavioural change). In line with a famous 

saying in psychology, “the best predictor for future behaviour is past behaviour”, we included Past 

Behaviour in the initial cognitive model and assume that it is highly related to the “motivational 

cluster”. Past Behaviour, or to be more precise, knowledge about one own behaviour in the past 

and associated outcomes (successes and failures) which can be considered as experiences, may 

also have an impact on Self-efficacy and Control beliefs.   

  

 
 

Figure 3: 1st final version of the cognitive model 
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Operationalization of cognitive variables and constructs  

 

In this section, we briefly outline how the selected variables and constructs of the initial version 

of the cognitive model (see Figure 3) have been operationalized (i.e. made measurable). Nearly all 

variables and constructs mentioned above, have been already operationalized in one or the other 

way, so it was again an exercise of selecting the best (in the sense of reliability and economic 

validity) already existing operationalization. 

 

For the different stage-specific forms of self-efficacy, Schwarzer et al. (2003) suggested the 

following items: 

 

 “I am confident that I am able to perform / do behaviour x even if it is hard for me” (Action-

self efficacy) 

 “I am confident that I am able to maintain behaviour x on the short / long term” (Maintain-self 

efficacy) 

 “I am confident that I am able to return to behaviour x even if I happen to give it up for three 

months” (Recovery-self efficacy) 

 

Schwarzer et al. (2003) suggest to either apply a 4- or a 7-point Likert Scale (ranging from 

“completely disagree” to “completely agree” or from “not at all true” to “exactly true”). 

 

Aizen (2006) suggested that the core factors of the Theory of planned behaviour, i.e. Perceived 

Behavioural Control (B), Attitudes (C) as well as Subjective norms (E) should be measured directly 

as well as indirectly in an initial, explorative stage of the modelling process. Indirectly means to 

measure those three constructs by measuring its underlying factors, i.e. b1) Control Beliefs and 

b2) Influence of control beliefs for B, c1) Outcome expectations and c2) Evaluation of 

consequences for C, and e1) Normative Beliefs and e2) Motivation to comply for E. 

 

Items for Perceived Behavioural Control have been formulated in different ways, for example in 

form of statements as suggested by Han et al. (2010):  

 

 “Whether or not I try to perform / do behaviour x is completely up to me.” 

 “I am confident that if I want, I can try to perform / do behaviour x.” 

 “I have resources, time, and opportunities to try to perform / do behaviour x.” 

In many cases, the item format for the direct measurement of Attitudes is a statement, followed by 

a semantic differential (e.g. Mayhew et al., 2009): 

 

  ‘‘Performing / Doing behaviour x within the next two months would be…” 

 

• Positive … negative 

• Good … bad 

• Pleasant … unpleasant 

• Superior … inferior 

• Thrilling … boring 

 

For the indirect measurement of Attitudes, we defined pairs of items, one for outcome expectations 

and for the evaluation of consequences. 

 

 If I perform / do behaviour x … 
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• …I contribute to the protection of the environment. 

• …I might need to spend some money. 

• … 

 

For these potential outcome expectations, we have chosen a 7 point Likert Scale (ranging from 1 

“very unlikely” to 7 “very likely”). For each and every of the items on outcome expectations an 

according evaluation-item has been formulated, for example… 

• Protecting the environment is… 

• Spending some money to perform / do behaviour x would be… 

• …. 

 

…that is followed by a 7 point Likert Scale (ranging from -3 “extremely undesirable” to +3 

“extremely desirable”). 

 

For the direct measurement of Subjective Norms, following items have been selected: 

 

 “Most people who are important to me think that I should try to do behaviour x” (Kim et al., 

2013) 

 “Most people who are important to me would want me to try to do behaviour x” (Han et al., 

2010) 

 “People whose opinions I value would prefer that I try to do behaviour x” (Han et al., 2010) 

 

For the indirect measurement we identified a series of normative beliefs, for example:  

 

• Scientists think I _____ try to perform / do behaviour x. 

• The authorities think I _____ try to perform / do behaviour x. 

• My family thinks I ____ try to perform / do behaviour x. 

• …. 

 

The response format is a 7-point Likert scale, ranging from “-3 should not” to “+3 should” which 

can be selected to complete the statement. Each normative belief is complemented by an item on 

the motivation to comply: 

 

• Scientists´ approval of my practice with regards to behaviour x is important to me. 

• The authorities´ approval of my practice with regards to behaviour x is important to me. 

• My families´ approval of my practice with regards to behaviour x is important to me. 

• … 

 

For the Motivational cluster of variables, the following items have been selected:  

 

  “I want to perform behaviour x within the next 2 months.”  (Motivation, based on Bagozzi, 

1992) 

  “I already made concrete plans to perform behaviour x within the next 2 months.” (Volition) 

  “I intend to perform behaviour x within the next 2 months.”  (Intention, based on Francis et al., 

2004) 

  “I expect to perform behaviour x within the next 2 months.”  (Goals, based on Francis et al., 

2004) 

  “I already carried out behaviour x in the recent past.”  (Past Behaviour) 
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As socio-structural factors and demographic variables we selected – in line with many of the 

studies mentioned in this chapter on operationalisation – the following: 

 

 Gender 

 Age 

 Educational Level 

 

The final building block in the cognitive model is behaviour - behaviour in the sense of energy 

consumption in the fields of dwelling, mobility, and leisure activities. The operationalisation, i.e. 

measurement of energy consumption is done via own questionnaires (the so called energy matrix) 

which have been developed in the context of the CODALoop project. This energy matrix ideally 

delivers the energy consumption in the fields of dwelling, food consumption, mobility, and leisure 

activities of an individual in terms of kWh.  
 

2.2 Method 
 

Three pairs of questionnaires have been filled out by 121 citizens from Graz and Leibnitz (Austria), 

Amsterdam (Netherlands) and Istanbul (Turkey), which is around 40+ datasets per country. With 

pairs of questionnaires we refer i) to the questionnaires aiming to measure the cognitive variables 

with regards to the areas dwelling, mobility and leisure activities as well as to ii) the according 

elements of the energy matrix to determine the household’s energy consumption in kWh.  The 

“cognitive variables questionnaires” consisted of 44 items.   

 

Empirical data collection and analysis 

 

The participants of this empirical investigation were asked to fill out the energy matrix part first 

and the “cognitive variables questionnaire” for a particular energy area afterwards. The reason for 

this is that the required thinking processes to answer the energy matrix should prime the 

participants for the according cognitive variables questionnaire. Thus, the response to the items of 

the cognitive variables questionnaire be easier. The participants were informed that a certain “pair” 

of questionnaires should be filled out at once, and that they were of course allowed to make breaks 

between the pairs of questionnaires (such breaks could even last for days).    

 

The items and variables of the cognitive variables questionnaire have been analysed with regards 

to the following item and variable characterises (from highest to lowest priority for their selection 

for the empirically updated 2nd version of the cognitive model): 

 

 Correlation of items and variables with Energy consumption: Considering the direction 

(plus vs. minus) and absolute value of the correlation coefficient with Energy consumption 

as measured by the energy matrix.  The direction of the coefficient should make sense from 

a conceptual point of view. For example, there are negative correlation coefficients (quite 

coherently between the different areas and countries) between behavioural intention and 

Energy consumption; this means, that the higher the behavioural intention the lower the 

energy consumption. 

 Correlation of items and variables with Behavioural intention in case of items and 

variables for Self-efficacy and Perceived Behavioural Control, Attitudes and Subjective 

Norms. Direction (plus vs. minus) and absolute value of the correlation coefficient with 

behavioural intention were taken into account. 
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 Normal distribution of the variable and items as reflected by the p-value of the 

Kolmogorov-Smirnov test. 

 Item distribution characteristics as reflected by Z-value for skewness and Z-value for 

kurtosis. 

2.3 Results 
 

Initially, it was planned to define a series of cognitive models, separately for the different countries 

(Austria, Netherlands and Turkey) and the different energy areas (dwelling, mobility and leisure 

activities) if necessary (i.e. in case there are different main variables and factors for the different 

countries and / or areas). However, due to empirical evidence, this plan has been revised and 

adjusted: Instead of having a series of separate cognitive models for the different countries and / 

or areas, there is one cognitive model, operationalized through a set of items which are basically 

the same for all countries and areas.   

 

Refinement of the cognitive model based on empirical results 

The empirically updated, 2nd version of the cognitive model consists of 9 variables and the 

according questionnaire consists of 15 items. They are the basically the same for all countries 

(Austria, Turkey, Netherlands) and all energy areas (dwelling, mobility, leisure activities). 

However, they are not identical, because the correlations and weights between different variables, 

between variables and items of the questionnaire, etc. differ for the different countries and energy 

areas. These different weights enable us to understand energy consumption in different contexts: 

Understanding of i) what are the main factors and variables that contribute to energy consumption 

and ii) understanding how these factors and variables interact with each other.  

 

The empirically updated cognitive model is shown in Figure 4: 

 

 
Figure 4: Final cognitive model 

The connecting lines between variables represent correlative relationships rather than causal 

relationships; except for c1 (Beliefs about consequences) and c2 (Evaluation of these 

consequences) on the one side and C (Attitudes) on the other side – in these cases the line should 

be read as “c1 x c2 constitutes C” (indirect measurement).  

 

There are three pairs of items for “c1 x c2”, i.e. 6 items for the indirect measurement of Attitudes 

as well as 2 items for their direct measurement. There is 1 item for Perceived Behavioural Control, 

Action Self-efficacy, Volition, Behavioural Intention, and Past Behaviour, respectively. And 
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finally, 2 items have been selected for the direct measurement of Subjective Norms. This results in 

15 items – compared to 44 items of the initial questionnaire. 

 

2.4 Conclusion 
 

The final outcomes of the empirical data collection and analysis is an updated cognitive model 

with a reduced amount of variables and constructs that are predictive for behaviour (i.e. energy 

consumption) of individuals in the areas of dwelling, mobility and leisure activities. As mentioned 

above, the relations between the variables and constructs are correlative rather than causal. Causal 

relationships can be assumed based on other empirical studies; in some cases, they could be 

logically deduced (e.g. Past Behaviour may have an impact on current or future behaviour, not the 

other way around). The ideal case would be either much larger data-sets to conduct other analysis 

methods such as Structural Equation Modelling as it is outlined below, or a series of experiments 

where independent variables can be manipulated and dependent variables can be observed. 

     

Structural Equation Modelling (SEM) allows to eliciting (linear) relationships between many 

variables. Some proponents consider these relationships as causal, but this is a highly disputed 

premise (Bollen & Pearl, 2013). Compared to multiple regression analysis, there is not only one 

criterion variable which is explained by a multiple set of predictor variables – in the case of SEM, 

predictors are sometimes criterions by themselves, i.e. more complex structures can be modelled. 

Due to increasing computational power, SEM became rather popular in the last decade. In 

particular, the Theory of planned behaviour has been empirically validated by SEM (e.g. Manetti 

et al. 2004, de Leeuw et al., 2015).  

 

SEM require rather large data-sets to elicit relationships between the constructs. On the other hand, 

even a smaller set of items may be considered as “large data-set” for the individuals who are 

willing to fill out the questionnaire. The items and variables are considered as “state” rather than 

“trait”-like concepts. This means, the response patterns of the individuals are a measurement at 

this particular point in time: Motivation, Perceived Behavioural Control, etc. may change over 

time. The questionnaires should be filled out before and after a certain intervention. In this case 

the effects of such interventions could be made explicit. Adaptive assessment procedures enable 

to reduce the amount of items proposed to the user.  

 

One of such adaptive assessment procedures is based on the Knowledge Space Theory (KST, 

Doignon and Falmagne, 1985, 1999). The KST focuses on mutual dependencies, so-called 

prerequisites, between the items. For example, a person who gives a certain response to item y 

(e.g. “yes”) may respond in the same way to other (binary) items, too. In this case problem x is 

called “a prerequisite” of problem y (also denoted as x ≤ y). In the case of the KST, the prerequisite 

relations are derived by theoretical considerations (e.g. by querying experts of the knowledge 

domain). The Inductive Item Tree Analysis (IITA, Schrepp, 2003, 2006) is a “data-driven” method 

to derive hierarchical dependencies between the items of a questionnaire. The underlying idea and 

its main principles of the IITA originate from the (“Classical”) Item Tree Analysis (CITA, Van 

Leuwe, 1974).   

 

Based on the person´s response to one item, we can surmise his or her responses to other items, 

and thus, we are able to provide only a smaller subset of items of a questionnaire.  

Such surmise relations, which are called “implies-relations” in the IITA can be considered as 

causal relationships. For example, if there is a implies-relation between Motivation and 

Behavioural Intention in the sense that motivation implies behavioural intention. This means that 

a vast majority of people who are motivated also possess behavioural intention, but not vice versa 
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(as it would be the case of a positive correlation between these two variables). Besides the main 

advantage of enabling adaptive assessment procedures, applying the IITA would enable to elicit 

causal-like relationships, even with smaller data sets.       
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3 Adaptive Assessment: Knowledge Space 
Theory 

 

The Knowledge Space Theory (KST) has been first described by Doignon and Falmagne (1985). 

It is a qualitative approach towards knowledge assessment and aims to overcome shortcomings of 

more traditional, quantitative knowledge assessment: Traditional knowledge assessment, as it 

usually takes place in the in the school setting, is based on psychometric models that assign to each 

student a score or – in some cases – a grade, based on the students´ mastery or failure to a set of 

test items. Different students may receive the same score or grade even if they mastered completely 

different items. In contrast, the underlying idea of the KST is to assign each student to a knowledge 

state, which is the set of problems the student is able to master.  In KST, problems are used 

synonymously used to “problem types”, a family of test items (e.g. single-digits additions). The 

set of problems characterize the knowledge domain Q (e.g. arithmetic). 

 

In many domains, it is reasonable to assume mutual dependencies, so-called prerequisites between 

the problems. For example, a student who successfully masters problem y (e.g. multiplication of 

single-digit numbers) presumably masters’ problem x (e.g. addition of single-digit numbers) too. 

In this case, problem x is called “a prerequisite” of problem y, denoted as x ≼ y, or in other words, 

from the mastery of problem y, the mastery of problem x can be surmised. The surmise- or 

prerequisite relation on the set of problems (Q, ≼) is at least quasi-ordinal, i.e. it is reflexive and 

transitive. More often, it is considered as a partial order which is antisymmetric too.  A partially 

ordered set can be represented as a Hasse-diagram (see Figure 5, left). The Hasse-diagram in 

Figure 5 can be read as follows: Pairs of problems that are connected via a line, are part of the 

prerequisite relation; the problem below is a prerequisite problem for the problem above. As an 

example, problem x is prerequisite for problem y, whereas both are prerequisites for problem z. 

There are no mutual dependencies between problems x and/or y on the one side and problem w on 

the other side. The prerequisite relation on the set of problems Q defines the set of plausible 

knowledge states. A knowledge state is a set of problems a learner or student is able to master. 

Every knowledge state which includes a particular problem also encompasses the problem´s 

prerequisites. The set of knowledge states is denoted as K. A knowledge structure is a pair (Q, K) 

and consists of the ordered set of knowledge states; also the empty set ∅ and the set Q are elements 

of K. The ordered set of knowledge states is called a knowledge structure (see Figure 5). A 

knowledge structure which is closed under union is called a knowledge space (Doignon and 

Falmagne, 1999). Thus, the knowledge structure shown in  Figure 5 (right) is also a knowledge 

space. 
 

 
Figure 5. A partially ordered set (Hasse-diagram) shows the prerequisite relation on the set of problems 

(left) which defines the knowledge structure, the ordered set of plausible knowledge states (right) 
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More recently, Falmagne & Doignon (2010) suggested learning spaces as special cases of 

knowledge spaces, which share wishful pedagogical properties. In a nutshell, learning spaces also 

satisfy the condition of “learning smoothness”, or well-gradedness: This condition mean, that any 

neighbors in the knowledge space, the upper neighbor includes only one problem that is not 

included in the lower neighbor knowledge state. Thus, the knowledge space shown in  Figure 5 

(right) is also a learning space. 

 Several methods to elaborate knowledge structures and knowledge spaces have been suggested, 

for example by systematic problem construction (e.g. Albert & Held, 1994), by querying experts 

(e.g. Düntsch & Gediga, 1996; Koppen, 1994) or by analysing empirical solution patterns by a 

sample of participants (e.g. Schrepp, 2003). The latter one, called Inductive Item Tree Analysis 

will be outlined in the following section.   
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4 Background of the Inductive Item Tree 
Analysis  

 

The Inductive Item Tree Analysis (IITA, Schrepp, 1999, 2003) is a method that aims to derive 

hierarchical dependencies between the items of a questionnaire, constituting a quasi-order on the 

set of items. The underlying idea and its main principles of the IITA originate from the Item Tree 

Analysis (ITA, Van Leuwe, 1974). 

   

In the case of the ITA and the original version of the IITA, the items the questionnaire (also called 

problems or tasks) have to be dichotomous, i.e. the subjects may either agree (1) or disagree (0) to 

an item, or the response to the problem or task can be either correct (1) or incorrect (0). Recent 

extensions of the IITA aim to derive quasi-orders on a set of polytomous items; e.g. items with 

Likert-scales as response format (Heller, 2017).  

 

The starting point of the IITA are observed response patterns of n participants to m items. These 

response patterns can be represented as a binary matrix D with m columns and n rows. The IITA 

derives dependencies in the form “item j implies item i”; denoted as j  i.  “Item j implies item 

i” means that from a correct (or “agreed”) response to item j, a correct (or “agreed”) response to 

item i can be surmised. The implications are at least reflexive and transitive, and thus, the 

implications from a quasi-order on the item set.  Thus, the IITA can be considered as a data-driven 

(rather than theory driven approach) for establishing knowledge structures and knowledge spaces. 

It is a purely explorative analysis method of empirical response patterns, without requiring any 

assumptions or theoretical considerations on the underlying mutual dependencies of the items.  

 

In the following, the main principles and steps of the IITA are described on a surface level. In a 

first step, the so-called bij-values for all item pairs have to be counted. The bij value for the items 

i and j is the number of counterexamples of the implication j  i. A counterexample of the 

implication j  i exists, whenever a subject masters item j but fails to item i. For the following 

example, the data from Korossy (1999) is taken. This data set consists of 23 students and 6 items. 

The bij matrix for this data set is is shown in the following Table 1.      

     
Table 1 The bij matrix based on the data set from Korossy (1999).   

  j 

  a b c d e f 

i 

a 0 1 1 1 1 1 

b 9 0 10 1 3 3 

c 1 2 0 1 1 1 

d 17 9 17 0 5 4 

e 12 6 12 0 0 1 

f 14 8 14 1 3 0 

 

As an example, the number of counterexamples for the implication the c  d is 17 (i.e. bdc = 17), 

which means that 17 out of 23 students correctly solved item c while failed to item d. On the other 

hand, the number of counterexamples for the implication the d  c is 1 (i.e. bcd = 1), which means 

that only 1 out of 23 students mastered item d but failed to item  c. The remaining 5 students either 

mastered or failed to both items.  
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Even if there is a counterexample to d  c, based on the amount of participants (n =23), it 

reasonable to also consider this implication, due to potential random errors such as lucky guesses 

or careless errors. In the IITA, the difference between (empirical) response patterns that include to 

some extend random errors and latent patterns that represent the “true” knowledge states of the 

participants, is considered as crucial (Schrepp 2003).  The “classical” Item Tree Analysis would 

consider only those implications for which no counterexample exists. In large performance data 

sets, it is unlikely to detect such deterministic implications.  

In a next step, the IITA applies an inductive construction method that results in a set of quasi orders 

{≤L│L = 0, 1, 2, …, n}. The quasi-order ≤0 consists only of implications with a bij value of 0, the 

≤1 consists implications whose bij values are lower or equal to 1, and so on. The goal is to identify 

the “best-fitting” quasi-order, i.e. the quasi-order which represents the response patterns best.  In 

the example above, the relation ≤0 would consist only of one ordered pair of items (d, e) as well as 

all ordered pairs at the diagonal of the bij matrix {(a, a), (b, b), (c, c), (d, d), (e, e), (f, f)}, indicating 

reflexivity. The reproducibility coefficient is a particular goodness-of-fit indicator, providing a 

numeric value for how well the model (the quasi-order) represents the raw data. The 

reproducibility coefficient represents the relative number of cells whose binary values can be 

reproduced by the particular quasi-order. As an example, a reproducibility coefficient of 0.91 

means that 91% of the cells´ values can be correctly reproduced by the particular quasi-order. 

 

In the example above, the best fitting quasi-order would be ≤2 with a reproducibility coefficient of 

0.942. This quasi-order consists of the following item pairs: {(a, a), (a, c), (b, a), (b, b), (b, c), (c, 

a), (c, c), (d, a), (d, b), (d, c), (d, d), (d, e), (d, f), (e, a), (e, c), (e, e), (f, a), (f, c), (f, e), (f, f)}. This 

quasi-order is shown in Figure 6 as Hasse-diagram and as knowledge space. 

 
Figure 6. The best–fitting quasi-order represented as Hasse diagram (left) and knowledge structure 

(right)  

The software (IITA 3.0) which has been used to compute the best-fitting quasi order has been 

developed by Dr. Martin Schrepp. This software has been described by Schrepp (2006) and 

includes also algorithms suggested by Sargin and Ünlü (2009).  
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5 Applying the IITA 
 

5.1 Method 
 

The Inductive Item Tree Analysis (IITA) requires dichotomous data (see section 4). The data 

which has been collected in the course of Task 6.2 (see Deliverable 6.b) and Task 6.3 by the 

“psychological questionnaires” is polytomous: the items have a 7-point Likert scale. Proponents 

of the IITA suggest to dichotomize the responses.  

 

As it has been reported in the previous Deliverable 6.b, the means (in the context of classical test 

theory, also called “difficulty”) are generally high, respectively leaning towards the “positive” pole 

of the scale (participants were generally motivated, had a rather high perceived behavioural 

control, etc.). Thus, we decided to dichotomize item responses the following way: we assigned a 

“0” for values ≤ 4 and a “1” for values above 4 in cases where the response format ranges from 1 

to 7. This dichotomization has been applied for all items which are unique for a variable. This is 

the case for:  

 

 Activation Self-Efficacy (in the following denoted as SE), 

 Perceived Behavioural Control (in the following denoted as PBC), 

 Volition (in the following denoted as M_Vol), 

 Behavioural Intention (in the following denoted as M_Int), 

 Past Behaviour (in the following denoted as Past_B). 

 

It is important to note that the main difference to the classical IITA is that we were not interested 

in single items but in the variables; in the following cases there was more than one item per 

variable: 

 

 Direct measurement of Attitudes (in the following denoted as A_direct) with 2 items. The 

potential variable score ranges from 2 to 14. We assigned a “0” for values ≤ 8 and a “1” 

otherwise. 

 Indirect measurement of Attitudes (in the following denoted as OExEOC) with 2 x 3 = 6 items. 

This indirect measurement (see also Deliverable 6.b consists of 3 “pairs of items”. The 

responses for each pair should be multiplied for each other. The response format for an “OE-

item” (= Outcome expectation) ranges from 1 (to 7 and the response format for a “EOC-item” 

(= Evaluation of consequences) item ranges from -3 to +3. Thus, the potential range for an item 

pair is from -21 to +21 and for the whole variable from -63 to +63. We assigned a “0” for values 

≤ 0 and a “1” otherwise. 

 Subjective Norms (in the following denoted as SN with 2 items. The potential variable score 

ranges from 2 to 14. We assigned a “0” for values ≤ 8 and a “1” otherwise. 

 

The dataset consists of 50 participants, solely from Austria because no data has been delivered 

from Turkey or the Netherlands. The 50 participants from Austria encompass to a large extend 

data which have been already analysed in the course of Task 6.2 and reported in Deliverable 6.b. 

The response patterns of 8 participants who completely filled out all questionnaires (even the 

energy questionnaires) in the Austrian platform (http://energanz.cognitive-science.at) have been 

added to this dataset.  

 

http://energanz.cognitive-science.at/
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In the following, the IITA has been carried out for the single energy areas, i.e. dwelling, mobility 

and leisure activities as well as for the overall data-set across all energy areas (n = 150).  

   

5.2 Dwelling 
 

Number of items in the data set: 8 

Number of subjects in the data set: 50 

 

 
Table 2: Distribution of values per column for dwelling data 

Column Freq(1) Freq(0) Freq(-) 
SE 0.700 0.300 0.000 

PBC 0.800 0.200 0.000 
A_direct 0.760 0.240 0.000 
OExEOC 0.840 0.160 0.000 

SN 0.120 0.880 0.000 
M_Vol 0.080 0.920 0.000 
M_Int 0.280 0.720 0.000 
Past_B 0.440 0.560 0.000 

 

 
Table 3: The bij matrix for dwelling data 

i 

 j 
 SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 

SE 0 10 7 8 1 1 2 3 
PBC 5 0 5 7 1 0 3 3 

A_direct 4 7 0 9 0 1 2 2 
OExEOC 1 5 5 0 0 0 0 1 

SN 30 35 32 36 0 2 11 16 
M_Vol 32 36 35 38 4 0 11 19 
M_Int 23 29 26 28 3 1 0 12 
Past_B 16 21 18 21 0 1 4 0 

 
Table 4: The Quasi-orders (lowest level with i ≤L j) for dwelling data 

i 

 j 
 SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 

SE 0 10 10 10 1 1 2 3 
PBC 5 0 5 9 1 0 3 3 

A_direct 4 10 0 10 0 1 2 2 
OExEOC 1 5 5 0 0 0 0 1 

SN 38 38 38 38 0 2 11 38 
M_Vol 38 38 38 38 4 0 11 38 
M_Int 38 38 38 38 3 1 0 38 
Past_B 38 38 38 38 0 1 4 0 
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Table 5: Diff-values for dwelling data 

Level 
Size of quasi-

order 
Diff-value 

0 6 45.690 
1 14 32.888 
2 18 40.837 
3 22 52.171 
4 25 70.127 
5 29 66.399 
9 30 66.363 

10 35 70.918 
11 37 130.073 
38 56 909.827 

 

 

Minimal Diff-value found at level 1. 

 

 
Table 6: Constructed quasi-order for level 1 (dwelling data) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Implication Support Confidence b(i,j) 

SN → SE 0.100 0.833 1 
M_Vol → SE 0.060 0.750 1 

SN → PBC 0.100 0.833 1 
M_Vol → PBC 0.080 1.000 0 
SN → A_direct 0.120 1.000 0 

M_Vol → A_direct 0.060 0.750 1 
SE → OExEOC 0.680 0.971 1 
SN → OExEOC 0.120 1.000 0 

M_Vol → OExEOC 0.080 1.000 0 
M_Int → OExEOC 0.280 1.000 0 
Past_B → OExEOC 0.420 0.955 1 
M_Vol → M_Int 0.060 0.750 1 

SN → Past_B 0.120 1.000 0 
M_Vol → Past_B 0.060 0.750 1 
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Figure 7: The partially ordered set (Hasse-diagram) shows the prerequisite relation on the set of 

variables (dwelling data) 

 

 

Fit indices 

Mean violation of an implication: 0.571 

Reproducibility Coefficient: 0.942500 

33 States are compatible with the best fitting quasi-order. 

These are 13 per cent of all possible states. 

 

5.3 Mobility  
 

Number of items in the data set: 8 

Number of subjects in the data set: 50 

 

 
Table 7: Distribution of values per column for mobility data 

Column Freq(1) Freq(0) Freq(-) 
SE 0.640 0.360 0.000 

PBC 0.680 0.320 0.000 
A_direct 0.540 0.460 0.000 
OExEOC 0.720 0.100 0.180 

SN 0.100 0.900 0.000 
M_Vol 0.060 0.940 0.000 
M_Int 0.080 0.920 0.000 
Past_B 0.280 0.720 0.000 

 

 
Table 8: The bij matrix for mobility data 

i 

 j 
 SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 

SE 0 9 6 12 1 1 0 4 
PBC 7 0 5 11 3 2 2 4 
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A_direct 11 12 0 13 1 2 3 4 
OExEOC 0 1 1 0 0 0 0 0 

SN 28 32 23 31 0 2 2 12 
M_Vol 30 33 26 33 4 0 2 13 
M_Int 28 32 26 32 3 1 0 12 
Past_B 22 24 17 22 3 2 2 0 

 

 
Table 9: The Quasi-orders (lowest level with i ≤L j) for mobility data 

i 

 j 
 SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 

SE 0 9 6 13 1 1 0 4 
PBC 7 0 5 13 3 2 2 4 

A_direct 13 13 0 13 1 3 3 4 
OExEOC 0 1 1 0 0 0 0 0 

SN 33 33 33 33 0 3 3 13 
M_Vol 33 33 33 33 4 0 4 13 
M_Int 33 33 33 33 4 1 0 13 
Past_B 33 33 33 33 3 2 2 0 

 

 
Table 10: Diff-values for mobility data 

Level 
Size of quasi-

order 
Diff-value 

0 6 29.187 
1 12 31.376 
2 16 117.988 
3 22 277.853 
4 28 329.971 
5 29 322.167 
6 30 315.894 
7 31 310.722 
9 32 306.978 

13 40 402.224 
33 56 578.580 

 

 

Minimal Diff-value found at level 1 
 

Table 11: Constructed quasi-order for level 1 (mobility data) 

Constructed quasi-order for level 1 

Implication Support Confidence b(i,j) 

M_Int → SE 0.080 1.000 0 
SE → OExEOC 0.585 1.000 0 
SN → OExEOC 0.122 1.000 0 

M_Vol → OExEOC 0.073 1.000 0 
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M_Int → OExEOC 0.098 1.000 0 
Past_B → OExEOC 0.341 1.000 0 

 

 

 
 

Figure 8: The partially ordered set (Hasse-diagram) shows the prerequisite relation on the set of 

variables (mobility data) 

 

 

Fit indices 

Mean violation of an implication: 0.000 

Reproducibility Coefficient: 1.000000 

100 States are compatible with the best fitting quasi-order. 

These are 39 per cent of all possible states. 

 

5.4 Leisure Activities 
 

Number of items in the data set: 8 

Number of subjects in the data set: 50 

 
Table 12: Distribution of values per column for leisure activities data 

Column Freq(1) Freq(0) Freq(-) 
SE 0.500 0.500 0.000 

PBC 0.640 0.360 0.000 
A_direct 0.360 0.640 0.000 
OExEOC 0.800 0.200 0.000 

SN 0.040 0.960 0.000 
M_Vol 0.020 0.980 0.000 
M_Int 0.060 0.940 0.000 
Past_B 0.220 0.780 0.000 

 

 
Table 13: The bij matrix for leisure activities data 

i 
 j 
 SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 
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SE 0 12 6 17 0 0 1 5 
PBC 5 0 6 13 0 0 1 0 

A_direct 13 20 0 22 1 1 2 6 
OExEOC 2 5 0 0 0 0 0 1 

SN 23 30 17 38 0 0 2 9 
M_Vol 24 31 18 39 1 0 2 10 
M_Int 23 30 17 37 1 0 0 9 
Past_B 19 21 13 30 0 0 1 0 

 
Table 14: The Quasi-orders (lowest level with i ≤L j) for leisure activities data 

i 

 j 
 SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 

SE 0 12 6 39 0 0 1 5 
PBC 5 0 6 39 0 0 1 0 

A_direct 31 31 0 39 1 1 2 6 
OExEOC 2 5 0 0 0 0 0 1 

SN 39 39 39 39 0 0 2 10 
M_Vol 39 39 39 39 1 0 2 10 
M_Int 39 39 39 39 1 0 0 10 
Past_B 39 39 39 39 0 0 1 0 

 

 
Table 15: Diff-values for leisure activities data 

Level 
Size of quasi-

order 
Diff-value 

0 13 21.420 
1 21 57.337 
2 25 106.829 
5 28 113.124 
6 31 134.417 

10 34 222.209 
12 35 226.009 
31 37 261.550 
39 56 540.448 

 

 

Minimal Diff-value found at level 1 
 

Table 16: Constructed quasi-order for level 1 (leisure activities data) 

Implication Support Confidence b(i,j) 

SN → SE 0.040 1.000 0 
M_Vol → SE 0.020 1.000 0 

SN → PBC 0.040 1.000 0 
M_Vol → PBC 0.020 1.000 0 
Past_B → PBC 0.220 1.000 0 

A_direct → OExEOC 0.360 1.000 0 
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SN → OExEOC 0.040 1.000 0 
M_Vol → OExEOC 0.020 1.000 0 
M_Int → OExEOC 0.060 1.000 0 

M_Vol → SN 0.020 1.000 0 
M_Vol → M_Int 0.020 1.000 0 

SN → Past_B 0.040 1.000 0 
M_Vol → Past_B 0.020 1.000 0 

 

 

 

 
 

Figure 9: The partially ordered set (Hasse-diagram) shows the prerequisite relation on the set of 

variables (leisure activities data) 

 

 

Fit indices 

Mean violation of an implication: 0.000 

Reproducibility Coefficient: 0.990000 

32 States are compatible with the best fitting quasi-order. 

These are 13 per cent of all possible states. 

 

 

5.5 Overall 
 

Number of items in the data set: 8 

Number of subjects in the data set: 150 

 
Table 17: Distribution of values per column for overall dataset 

Column Freq(1) Freq(0) Freq(-) 
SE 0.613 0.387 0.000 

PBC 0.707 0.293 0.000 
A_direct 0.553 0.447 0.000 
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OExEOC 0.787 0.153 0.060 
SN 0.087 0.913 0.000 

M_Vol 0.053 0.947 0.000 
M_Int 0.140 0.860 0.000 
Past_B 0.313 0.687 0.000 

 

 
Table 18: The bij matrix for overall dataset 

i 

 j 
 SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 

SE 0 31 19 37 2 2 3 12 
PBC 17 0 16 31 4 2 6 7 

A_direct 28 39 0 44 2 4 7 12 
OExEOC 3 11 6 0 0 0 0 2 

SN 81 97 72 105 0 4 15 37 
M_Vol 86 100 79 110 9 0 15 42 
M_Int 74 91 69 97 7 2 0 33 
Past_B 57 66 48 73 3 3 7 0 

 
Table 19: The Quasi-orders (lowest level with i ≤L j) for overall dataset 

i 

 j 
 SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 

SE 0 44 19 44 2 2 3 12 
PBC 17 0 16 37 4 2 6 7 

A_direct 28 44 0 44 2 4 7 12 
OExEOC 3 11 6 0 0 0 0 2 

SN 110 110 110 110 0 4 15 42 
M_Vol 110 110 110 110 9 0 15 42 
M_Int 110 110 110 110 7 2 0 42 
Past_B 110 110 110 110 3 3 7 0 

 

 
Table 20: Diff-values for leisure for overall dataset 

Diff-values 

Level 
Size of quasi-

order 
Diff-value 

0 3 340.157 
2 9 302.870 
3 13 377.182 
4 16 703.053 
6 18 701.749 
7 22 916.023 
9 23 1.119.736 

11 24 1.091.324 
12 26 1.102.008 
15 28 1.523.705 
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16 29 1.496.284 
17 30 1.469.913 
19 31 1.452.312 
28 32 1.468.612 
37 33 1.461.130 
42 36 2.332.877 
44 40 2.359.404 

110 56 5.690.818 
 

 

Minimal Diff-value found at level 2 
 

 
Table 21: Constructed quasi-order for level 2 (overall dataset) 

Implication Support Confidence b(i,j) 
SN → SE 0.073 0.846 2 
M_Vol → SE 0.040 0.750 2 
M_Vol → PBC 0.040 0.750 2 
SN → A_direct 0.073 0.846 2 
SN → OExEOC 0.092 1.000 0 
M_Vol → OExEOC 0.057 1.000 0 
M_Int → OExEOC 0.149 1.000 0 
Past_B → OExEOC 0.319 0.957 2 
M_Vol → M_Int 0.040 0.750 2 

 

 

 
 
Figure 10: The partially ordered set (Hasse-diagram) shows the prerequisite relation on the set of 

variables (across all energy areas) 

 

 

Fit indices 

Mean violation of an implication: 1.333 

Reproducibility Coefficient: 0.950000 

44 States are compatible with the best fitting quasi-order. 

These are 17 per cent of all possible states. 
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5.6 Comparison between the IITA models 
 

At a first glance, it seems that the IITA models for dwelling and leisure activities are more similar 

and share more implications than the other 2 possible combinations that include the IITA model 

for mobility. Relations, in this case the implies-relation, can be also depicted as a matrix, as it is 

shown in Figure 11. A variable that is listed in the lines implies another variable in the column if 

there is an X in the particular cell of the matrix. As it is indicated in Figure 11, all variables imply 

their own (e.g. SE → SE, PBC → PBC, etc.). This characteristic is called reflexivity: the implies-

relation is reflexive.        

 

A simple similarity measure between two matrices is as follows: number of overlapping cells that 

share the same value, denoted as │ → │   (i.e. both overlapping cells have a “X” or both cells are 

empty) divided by the number of cells that could potentially differentiate the two matrices. The 

number of cells that can potentially differentiate is 𝑛2 −  𝑛 with 𝑛 as the number of variables. Due 

to reflexivity of the “implies-relation” at least 𝑛 cells can not differ from each other.   

 

 
 
Figure 11: Comparison between the implies-relation () for dwelling (left), mobility (middle) and leisure 

activities (right) 

Based on this formula, the following similarity measurements have been conducted: 

 

Similarity measurement between dwelling and mobility:  
│→│ − 𝑛 

𝑛2 − 𝑛
 = 

54 − 8 

64 − 8
 = 0,82. 

 

Similarity measurement between dwelling and leisure activities:  
│→│ − 𝑛 

𝑛2 − 𝑛
 = 

51 − 8 

64 − 8
 = 0,77. 

 

Similarity measurement between mobility and leisure activities:   
│→│ − 𝑛 

𝑛2 − 𝑛
 = 

57 − 8 

64 − 8
 = 0,88. 

 

In conclusion, one could argue that the IITA model for mobility is actually different to the other 

two models. In consequence, an overall model as described in section 5.5 might be inappropriate. 

It seems more appropriate to have energy-area specific IITA models that lead to different adaptive 

algorithms.  

 

As briefly outlined in section 3, the underlying principle of the adaptive algorithm would be as 

follows (considering the IITA model for leisure activities as shown in Figure 10: Starting with the 

items on SN, it would not be necessary any more to ask items assigned to SE, OExEOC and 

A_direct if the person strongly agrees to the items on SN (due to the “implies –relation”). If the 

person doesn´t agree to the items assigned to SN, it would make sense to ask items assigned to SE, 

OExEOC or A_direct. 
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SE x x SE x x SE x

PBC x PBC x PBC x

A_direct x A_direct x A_direct x x

OExEOC x OExEOC x OExEOC x

SN x x x x x x SN x x SN x x x x x

M_Vol x x x x x x x M_Vol x x M_Vol x x x x x x x

M_Int x x M_Int x x x M_Int x x

Past_B x x Past_B x x Past_B x x
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6 Discussion 
 

Let´s consider the core part of the updated cognitive model: The Theory of planned behaviour as 

shown in Figure 2: According to this theory, Attitudes, Subjective Norms and Perceived 

Behavioural Control are considered as preceding factors for Behavioural Intention, which itself is 

considered as main preceding factor for behaviour (or behavioural change). These relationships 

have been confirmed a several empirical studies (e.g.  Mayhew et al. 2009).  

 

In the case of the three IITA models for dwelling (see Figure 7), mobility (see Figure 8) and leisure 

activities (see Figure 9), we found the following relationships: The indirect measurement of 

Attitudes (denoted as OExEOC) is a prerequisite variable for Behavioural Intention in all three 

IITA models. Interestingly, in contrast to this, the direct measurement of Attitudes (denoted as 

A_direct) is no prerequisite for Behavioural Intention in any of the IITA models. In case of the 

leisure activities model, A_direct implies OExEOC, in the other two models, these two aspects of 

Attitudes are considered as independent from each other, in the sense that A_direct does not imply 

OExEOC and / or vice versa (and that there are too many exceptions from such “rules” in the data 

set). 

 

The indirect measurement of Attitudes, OExEOC, is a prerequisite for Subjective Norms, SN, in all 

three models. This can be explained when taking a closer look at the items of OE and EOC: They 

are focusing on the quality of life of one´s own (household), one´s neighbourhood, and one´s city. 

These underlying concepts ate highly associated with Subjective Norms in general, as well as the 

focus of the two according Items for SN in particular. In D6.b we also highlighted the high 

correlations between these two variables.   

 

Subjective Norms (SN) play a prominent role in the dwelling and leisure activities IITA models: 

In the case of the dwelling model, SN implies Perceived Behavioural Control (PBC), A_direct and 

OExEOC as part of the Theory of planned behaviour variables as well as Past Behaviour (Past_B) 

and Activation-Self Efficacy (SE). In the case of the leisure activities model, SN implies Perceived 

Behavioural Control (PBC) and OExEOC as part of the Theory of planned behaviour variables as 

well as Past Behaviour (Past_B) and Activation-Self Efficacy (SE). I.e. the only difference here is 

that SN does not imply the direct measurement of Attitudes, A_direct, in case of the leisure 

activities IITA model.  

 

The role of Perceived Behavioural Control (PBC) is - compared to the other variables – quite 

incoherent across the three IITA models: It is considered as completely independent (unrelated) in 

case of the mobility IITA model; it is a prerequisite for SN and Volition (M_Vol) in the dwelling 

model, and a prerequisite for Past_B, SN and M_Vol in the leisure activities model. 

 

The remaining variables of the updated cognitive model which are not part of the Theory of 

planned behaviour are Volition (M_Vol), Past Behaviour (Past_B) and Activation-Self Efficacy 

(SE). In line with initial assumptions in the course of WP6, Volition is similar important as 

Behavioural Intention. In the dwelling IITA model, M_Vol implies all other variables except 

Subjective Norms and in the leisure activities IITA model, M_Vol implies all other variables except 

A_direct (!). Past_B and SE imply the indirect measurement of Attitudes, OExEOC, in case of the 

dwelling and leisure activities IITA model; in the mobility, model only Past_B implies PBC. 

 

This is the final report in WP6. It builds upon the identification of psychological and cognitive 

variables that have an impact on behaviour and behavioural change, their relationships and 

operationalization (Task 6.1 respectively D6.a). An empirical investigation allowed to extract the 
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quintessence of this models, its variables, items and relations (Task 6.2 respectively D6.b). As 

mentioned above, only correlative relationships resulted from the data analysis. By applying a 

more innovative, less known methodology such as the IITA, this final deliverable D6.c enabled to 

enrich the interpretation of the cognitive model established in the course of the previous tasks.   
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8 Appendix A: Compatible States resulting 
from IITA 

 

8.1 Dwelling  
 

SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 

        
 X       
  X      
 X X      
   X     

X   X     
 X  X     

X X  X     
  X X     

X  X X     
 X X X     

X X X X     
   X   X  

X   X   X  
 X  X   X  

X X  X   X  
  X X   X  

X  X X   X  
 X X X   X  
   X    X 

X   X    X 
 X  X    X 

X X  X    X 
  X X    X 

X  X X    X 
X X X X X   X 
   X   X X 

X   X   X X 
 X  X   X X 
  X X   X X 

X X X X X  X X 
X X X X  X X X 
X X X X X X X X 
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8.2 Mobility  

SE PBC A_direct OExEOC SN M_Vol M_Int Past_B 

        
 X       
  X      
 X X      
   X     

X   X     
 X  X     

X X  X     
  X X     

X  X X     
 X X X     

X X X X     
   X X    

X   X X    
 X  X X    

X X  X X    
  X X X    

X  X X X    
 X X X X    

X X X X X    
   X  X   

X   X  X   
 X  X  X   

X X  X  X   
  X X  X   

X  X X  X   
 X X X  X   

X X X X  X   
   X X X   

X   X X X   
 X  X X X   

X X  X X X   
  X X X X   

X  X X X X   
 X X X X X   

X X X X X X   
X   X   X  
X X  X   X  
X  X X   X  
X X X X   X  
X   X X  X  
X X  X X  X  
X  X X X  X  
X X X X X  X  
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X   X  X X  
X X  X  X X  
X  X X  X X  
X X X X  X X  
X   X X X X  
X X  X X X X  
X  X X X X X  
X X X X X X X  
   X    X 

X   X    X 
 X  X    X 

X X  X    X 
  X X    X 

X  X X    X 
 X X X    X 

X X X X    X 
   X X   X 

X   X X   X 
 X  X X   X 

X X  X X   X 
  X X X   X 

X  X X X   X 
 X X X X   X 

X X X X X   X 
   X  X  X 

X   X  X  X 
 X  X  X  X 

X X  X  X  X 
  X X  X  X 

X  X X  X  X 
 X X X  X  X 

X X X X  X  X 
   X X X  X 

X   X X X  X 
 X  X X X  X 

X X  X X X  X 
  X X X X  X 

X  X X X X  X 
 X X X X X  X 

X X X X X X  X 
X   X   X X 
X X  X   X X 
X  X X   X X 
X X X X   X X 
X   X X  X X 
X X  X X  X X 
X  X X X  X X 
X X X X X  X X 
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X   X  X X X 
X X  X  X X X 
X  X X  X X X 
X X X X  X X X 
X   X X X X X 
X X  X X X X X 
X  X X X X X X 
X X X X X X X X 

 

 

8.3 Leisure Activities  
 

SE PBC 
A_direc

t 
OExEOC SN M_Vol M_Int Past_B 

        
X        
 X       

X X       
   X     

X   X     
 X  X     

X X  X     
  X X     

X  X X     
 X X X     

X X X X     
   X   X  

X   X   X  
 X  X   X  

X X  X   X  
  X X   X  

X  X X   X  
 X X X   X  

X X X X   X  
 X      X 

X X      X 
 X  X    X 
 X X X    X 

X X  X X   X 
X X X X X   X 
 X  X   X X 
 X X X   X X 

X X  X X  X X 
X X X X X  X X 
X X  X X X X X 
X X X X X X X X 
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8.4 Overall dataset  
 

SE PBC 
A_direc

t 
OExEOC SN M_Vol M_Int Past_B 

        
X        
 X       

X X       
  X      

X  X      
 X X      

X X X      
   X     

X   X     
 X  X     

X X  X     
  X X     
 X X X     

X  X X X    
X X X X X    
   X   X  

X   X   X  
 X  X   X  
  X X   X  
 X X X   X  

X  X X X  X  
X X X X X  X  
X X  X  X X  
X X X X  X X  
X X X X X X X  
   X    X 

X   X    X 
 X  X    X 

X X  X    X 
  X X    X 
 X X X    X 

X  X X X   X 
X X X X X   X 
   X   X X 

X   X   X X 
 X  X   X X 
  X X   X X 
 X X X   X X 

X  X X X  X X 
X X X X X  X X 
X X  X  X X X 
X X X X  X X X 
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X X X X X X X X 
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9 Appendix B: Reduced Questionnaires 
 

9.1 Dwelling  
 
I am confident that I am able to reduce my dwellings’ energy consumption even if it is hard for me. 

□1 □2 □3 □4 □5 □6 □7 

completely disagree  completely agree 

 
The decision to reduce my dwellings’ energy consumption is beyond my control. 

□1 □2 □3 □4 □5 □6 □7 

completely disagree  completely agree 

 
Reducing my dwellings’ energy consumption within the next 2 months would be… 

 

very useless □1 □2 □3 □4 □5 □6 □7 very useful 

very unpleasant □1 □2 □3 □4 □5 □6 □7 very pleasant 

 
If I reduce my dwellings’ energy consumption, I increase my (and my dwellings’) quality of life. 

□1 □2 □3 □4 □5 □6 □7 
very unlikely  very likely 

 
Increasing my (and my dwellings’) quality of life would be… 

□ -3 □ -2 □ -1 □ 0 □ +1 □ +2 □ +3 

extremely undesirable  extremely desirable 

 
If I reduce my dwelling’s energy consumption, I increase the quality of life in my neighbourhood.  

□1 □2 □3 □4 □5 □6 □7 
very unlikely  very likely 

 
Increasing the quality of life in my neighbourhood would be… 

□ -3 □ -2 □ -1 □ 0 □ +1 □ +2 □ +3 
extremely undesirable  extremely desirable 

 
If I reduce my dwellings’ energy consumption, I increase the quality of life in my city. 

□1 □2 □3 □4 □5 □6 □7 
very unlikely  very likely 

 
Increasing the quality of life in my city would be… 

□ -3 □ -2 □ -1 □ 0 □ +1 □ +2 □ +3 
extremely undesirable  extremely desirable 

 

Most people who are important to me think that I should try to reduce my dwellings’ energy 
consumption. 

□1 □2 □3 □4 □5 □6 □7 

completely disagree  completely agree 
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It is expected of me that I reduce my dwellings’ energy consumption. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 

I already made concrete plans to reduce my dwellings’ energy consumption within the next 2 months. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 
I intend to reduce my dwellings’ energy consumption within the next 2 months. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 
I already reduced my dwellings’ energy consumption in the recent past. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 
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9.2 Mobility 
 
I am confident that I am able to change my mobility towards more energy-sustainable mobility behaviour 
even if it is hard for me. 

□1 □2 □3 □4 □5 □6 □7 

completely disagree  completely agree 

 
The decision to reduce my energy-intensive mobility behaviour is beyond my control. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 
Reducing my energy-intensive mobility behaviour within the next 2 months would be… 

very useless □1 □2 □3 □4 □5 □6 □7 very useful 

very unpleasant □1 □2 □3 □4 □5 □6 □7 very pleasant 

 
If I reduce my energy-intensive mobility behaviour, I increase my (and my households’) quality of life. 

□1 □2 □3 □4 □5 □6 □7 
very unlikely  very likely 

 
Increasing my (and my dwellings’) quality of life would be… 

□ -3 □ -2 □ -1 □ 0 □ +1 □ +2 □ +3 

extremely undesirable  extremely desirable 

 
If I reduce my energy-intensive mobility behaviour, I increase the quality of life in my neighbourhood.  

□1 □2 □3 □4 □5 □6 □7 
very unlikely  very likely 

 
Increasing the quality of life in my neighbourhood would be… 

□ -3 □ -2 □ -1 □ 0 □ +1 □ +2 □ +3 
extremely undesirable  extremely desirable 

 
. If I reduce my energy-intensive mobility behaviour, I increase the quality of life in my city. 

□1 □2 □3 □4 □5 □6 □7 
very unlikely  very likely 

 

Increasing the quality of life in my city would be… 

□ -3 □ -2 □ -1 □ 0 □ +1 □ +2 □ +3 

extremely undesirable  extremely desirable 

 
Most people who are important to me think that I should try to reduce my energy-intensive mobility 
behaviour. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 
It is expected of me that I reduce my energy-intensive mobility behaviour. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 
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I already made concrete plans reduce my energy-intensive mobility behaviour within the next 2 months. 

□1 □2 □3 □4 □5 □6 □7 

completely disagree  completely agree 

 
I intend to reduce my energy-intensive mobility behaviour within the next 2 months. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 
I already reduced my energy-intensive mobility behaviour in the recent past. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 
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9.3  Leisure 
 
I am confident that I am able to change my leisure activities towards more energy-sustainable activities 
even if it is hard for me. 

□1 □2 □3 □4 □5 □6 □7 

completely disagree  completely agree 

 
The decision to reduce my energy-intensive leisure activities is beyond my control. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 
Reducing my energy-intensive leisure activities within the next 2 months would be… 

very useless □1 □2 □3 □4 □5 □6 □7 very useful 

very unpleasant □1 □2 □3 □4 □5 □6 □7 very pleasant 

 
If I reduce my energy-intensive leisure activities, I increase my (and my households’) quality of life. 

□1 □2 □3 □4 □5 □6 □7 
very unlikely  very likely 

 
Increasing my (and my dwellings’) quality of life would be… 

□ -3 □ -2 □ -1 □ 0 □ +1 □ +2 □ +3 

extremely undesirable  extremely desirable 

 
If I reduce my energy-intensive leisure activities, I increase the quality of life in my neighbourhood.  

□1 □2 □3 □4 □5 □6 □7 
very unlikely  very likely 

 
Increasing the quality of life in my neighbourhood would be… 

□ -3 □ -2 □ -1 □ 0 □ +1 □ +2 □ +3 
extremely undesirable  extremely desirable 

 
. If I reduce my energy-intensive leisure activities, I increase the quality of life in my city. 

□1 □2 □3 □4 □5 □6 □7 
very unlikely  very likely 

 

Increasing the quality of life in my city would be… 

□ -3 □ -2 □ -1 □ 0 □ +1 □ +2 □ +3 

extremely undesirable  extremely desirable 

 
Most people who are important to me think that I should try to reduce my energy-intensive leisure 
activities. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 
It is expected of me that I reduce my energy-intensive leisure activities. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 
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I already made concrete plans reduce my energy-intensive leisure activities within the next 2 months. 

□1 □2 □3 □4 □5 □6 □7 

completely disagree  completely agree 

 
I intend to reduce my energy-intensive leisure activities within the next 2 months. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 
I already reduced my energy-intensive leisure activities in the recent past. 

□1 □2 □3 □4 □5 □6 □7 
completely disagree  completely agree 

 

 

 


