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Preface 

Ever since its birth, the discipline of psychology was divided between two large 

research traditions focusing either on describing general principles of mental activities or on 

observing evolutionary determined individual variation of mental activities. Although this 

schism between the experimental and the correlational approach has been often described and 

condemned by renowned psychologists (e.g. Cronbach, 1957; Eysenck, 1997; Terman, 1924), 

the two traditions still continue to be separated (e.g. Bentler, 2007; Cohen, 1994). One often 

identified cause for this separation might involve radically different research strategies: The 

experimenter psychologist builds groups differing only in the aspect of interest (i.e. the 

experimental manipulation) and uses statistical methods comparing the means of these 

groups. In contrast, the correlational psychologist observes every meaningful dimension in 

which the individuals in a group might differ, and interprets the interrelations between them 

using correlation, partial correlation and multivariate statistics. While the experimenter wants 

to create meaningful variance, the correlational psychologist observes already existing 

variance. As Cronbach (1957 p. 674.) simply put it, “the correlational psychologist is in love 

with just those variables the experimenter left home to forget”.  

One field of cognitive psychology, which admittedly propagated to overcome this 

schism, was the research on individual differences in working memory capacity (Conway & 

Kovács, 2013; Engle & Kane, 2004; Kane, Conway, Hambrick, & Engle, 2007): multivariate 

statistical methods characteristic of the correlational approach were used to shed light on 

interindividual differences of performance in different mental tasks measuring information 

processing. These tasks themselves, however, were sensitive paradigms and measures 

established in the experimental psychology tradition. Moreover, the aim of this research was 

to explain intraindividual processes and structures by observing interindividual differences.  

The work described in this dissertation takes a similar stance: following the claims of 

Cronbach (1957) and Eysenck (1997) emphasizing the theoretical advantages of intertwining 

the methodology of the two research traditions, it was attempted to make use of both fields’ 

methods in investigating the link between worry, anxiety and cognitive control. In the 14 

studies presented, we used multivariate statistical methods common in the correlational field 

to investigate how individual differences in different concepts of anxiety are linked to 

different conceptualizations of cognitive control, assessed by sensitive paradigms and 

measures established in the experimental psychology tradition.   
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Chapter 1: Theoretical background 

1. Cognitive control, working memory, controlled processing  

1.1. The concept of working memory 

The topic and concept of working memory (WM) grew out from the dual-store 

memory models of early cognitive psychology differentiating between short-term and long-

term stores (e.g. Atkinson & Shiffrin, 1968). Te concept of WM has been established for 

modelling the crucial ability of the human mind to store and process information 

simultaneously. This concurrent processing aspect justifies the name of the concept: a memory 

system, which stores items and makes some work on them. Different models of such working 

memory systems will be reviewed below.  

1.1.1. Alan Baddeley’s multi-component model of working memory 

The well-known multi-component model of Alan Baddeley (Baddeley, 1986; Baddeley 

& Hitch, 1974) was inspired by several lines of empirical evidence, which could not be 

explained by the dominant dual-store models. The modal model of Atkinson and Shiffrin 

(1968), for example, proposed that information can be brought into the long-term memory 

store (LTM) only if it has already been processed in the short-term memory store (STM). This 

claim was challenged by the fact, that some patients after brain-lesions exhibited marked 

STM deficits, but intact LTM performance (Shallice & Warrington, 1970). Based on this and 

other evidence, Baddeley and Hitch (1974) proposed two separate storage component for 

verbally and visually presented information (termed the phonological loop and the 

visuospatial sketchpad, respectively), and a third component, to which manipulation of the 

contents of these stores was assigned (termed the central executive). The bulk of evidence 

supporting that these components are able to process information independently came from 

concurrent-task methodology. It was shown, for example, that the simultaneous storage of 

visual and verbal information does not lead to performance decrements (e.g. Baddeley, Grant, 

Wight, &Thomson, 1975), nor does the simultaneous processing of sentences and the 

retention of verbal material (e.g. Baddeley, Lewis, Eldridge, &Thomson, 1984). The initial 

model of Baddeley and Hitch was extended by conducting several elegant experiments, which 

shed light on the processing characteristics and constrains of the phonological and the 
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visuospatial sketchpad (for a review, see e.g. Baddeley, 2012). Later on, it became also 

evident, that the initial model cannot account for some of the empirical findings. Because of 

the limited capacity of the two temporal store components, for example, the model was unable 

to account for the phenomenon, that the serial recall of a sequence of words is much easier if 

they form a sentence, or if they can be organized into meaningful chunks. Motivated by this 

and other inconsistencies, Baddeley (2000) extended the model with a “back-up store”, 

termed the episodic buffer, which is able to integrate phonological and visual types of 

information and holds integrated episodes and chunks in a multidimensional code. It functions 

as an interface with the long-term store, and it enables to bind different features and 

representations together in the medium of consciousness (e.g. we are able to imagine an ice-

hockey playing elephant, Baddeley, 2012, p 16.). Baddeley (2012) also notes, that the concept 

of episodic buffer resembles the model of global workspace proposed by Baars (1988, 1997), 

who suggested that during conscious awareness, stimulus features are bound to perceived 

objects.   

Most important for the topic of this dissertation are the empirical work and the 

theoretical suggestions regarding the central executive. According to the original formulation 

of the model (Baddeley & Hitch, 1974), the central executive is a control system with limited 

attentional capacity used whenever the contents of the two limited stores has to be 

manipulated or when coordination of parallel processing is required, as, for example in dual-

task paradigms. This original formulation, as Repovs and Baddeley (2006, p 12.) admits, 

“served as a convenient ragbag for unanswered questions related to the control of working 

memory”. Later (Baddeley, 1986), the operations of the central executive were paralleled with 

that of the supervisory attentional system, a component of the behavioural control model of 

Norman and Shallice (1986). It is assumed in that model, that most human tasks and actions 

can be conducted in a fairly automatic fashion cued by the actual context, and conflicts 

between concurrently activated routines or schemata can be also resolved through an 

automatic conflict resolution mechanism, termed contention scheduling. In novel situations, 

however, when no previous action schema is present, a system called the supervisory 

attentional system (SAS) steps in and plans the course of action based on the context and 

knowledge stored in the long-term memory. This was a step toward equating the central 

executive with attentional processes, as the operations of the SAS are suggested to be 

accompanied by conscious attention. Paradigmatic laboratory illustrations of the functions of 

the SAS are the random generation and the verbal fluency task. In the former task, items have 
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to be generated in a random way, avoiding repetitions or regularities, whereas in the latter, 

words with the same first letter or from the same category have to be produced. In both tasks, 

automatic or highly activated responses have to be inhibited and new responses have to be 

generated, resembling the assigned functions of the SAS. These considerations are 

summarized by suggesting four functions of the central executive: shifting, focusing and 

dividing attention, and interfacing with the long-term memory store – with the former three 

attributed to the central executive and the last one to the episodic buffer (Baddeley, 1996; 

Baddeley 2012; Repovs & Baddeley, 2006).  

1.1.2. The focus of attention model of working memory 

One of the most influential alternatives to the multi-component model of WM is the 

embedded process model by Nelson Cowan (Cowan, 1995, 1999). According to this model, 

working memory allows to hold information in an active state which enables to carry out 

complex mental tasks, like language comprehension, problem solving, or decision making. 

This task is done by a set of embedded processes or faculties: (1) a long term store (LTM); (2) 

a part of the LTM set in a temporally activated state of activation; (3) focus of attention, a 

subset of activated information, which is currently attended consciously. This last component 

has attracted the most attention, as a “bottleneck”, which limits the capacity of WM. Cowan 

(2001) posits that approximately four items can be held in the focus of attention at the same 

time. Recently, the embedded process model was extended (Oberauer & Hein, 2012). The 

three-embedded process model distinguishes three component of working memory: (1) the 

activated part of LTM, (2) the region of direct access (similar to focus of attention in Cowan’s 

model), (3) and a single-item focus of attention.  

One important implication of the embedded-process model is that individual 

differences in WM-tasks are determined by how many items can be held in the focus of 

attention. This is in clear contrast with the multi-component model of Baddeley, which 

predicts that individual differences in storage capacity of visual and verbal material are 

independent and depend on the capacity of two storage systems (i.e. the phonological loop 

and the visuospatial sketchpad). There are, however, important commonalities between the 

theories of Baddeley and Cowan, as emphasized by both theorists (Baddeley, 2010, 2012; 

Cowan, 1995, 2011). They both differentiate between a passive storage component and an 

active processing component. Beside superficial differences, the components of their theories 

are similar to each other. The activated part of the long-term memory can be equated with the 
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storage components of Baddeley’s model, as both are “attention-free”, that is they do not 

require the supervision of any control system – which would be termed central executive by 

Baddeley, and focus of attention by Cowan.  Furthermore, the activation and multimodal 

representation of a limited number of items is a common feature of the concepts of focus of 

attention and episodic buffer.  

1.1.3. An individual-differences approach to working memory: the 

executive attention view 

The above theories, particularly the multi-process theory of Baddeley, were put 

forward using the “tools” of experimental psychology, with carefully designed experiments, 

both on healthy participants and on patients with brain lesions. In contrast, other investigators 

examined the correlation of different WM-tasks with each other, and with performance of 

other tasks measuring complex mental processes. A groundbreaking study on this topic was 

conducted by Daneman and Carpenter (1980):  they introduced a task taxing both the storage 

and the processing components of WM: participants had to read out loud a series of sentences 

(processing component) and after the last sentence they had to recall the last words of the 

sentences (storage component). They found that performance on this test was a strong 

predictor of reading comprehension (unlike simple span tasks which only measure the storage 

component). The authors interpreted their results as caused by the common underlying factor 

of a domain-specific reading ability. Turner and Engle (1989), in contrast, suggested that the 

correlation is driven by a domain-general working memory capacity, and constructed 

analogue tasks of the reading span task, which did not depend on reading ability. In the 

operation span task, for example, participants have to make verification judgments about 

arithmetic operations (e.g. “Is (9/3) - 2 =1?”) and later have to recall the digit to the right of 

the equal sign. The domain-general nature of the concept underlying performance was proved 

by high correlations of these WM-tasks with reading comprehension. Several other variants of 

these tasks were also constructed (e.g. listening span: Daneman & Blennerhassett, 1984; 

spatial span; Shah & Miyake, 1996). They all required storage and processing of information, 

and were termed complex span tasks. They were often contrasted with simple span tasks 

which have no processing, but only a storage component. According to the executive attention 

view of working memory capacity (e.g. Engle, 2002; Engle & Kane, 2004; Kane et al, 2007), 

the concurrent processing aspect of the complex span tasks requires the interaction of memory 

storage and executive attention: the to-be-recalled items have to be maintained in an active 
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state in face of interference resulting from the concurrent task. This task is done by a domain-

general control process, called executive attention, which maintains “goal-relevant 

information in highly active, accessible state, under conditions of interference or completion” 

(Engle & Kane, 2004, p 149.). In contrast with the multi-component model, the executive 

attention view holds that individual differences in working-memory capacity, as measured by 

complex span tasks, are attributable to differences in this executive attention component. This 

is, off-course, reminiscent of the embedded-process model of WM, on which the executive 

attention model admittedly builds (Engle & Kane, 2004; Kane et al, 2007). Further similarity 

to dominant WM-models is the conceptualization of STM as activated part of the LTM, 

whose activation can be maintained by domain-general attentional processes (focus of 

attention by Cowan) or by domain-specific rehearsal, chunking and coding processes 

(reminiscent of the rehearsal processes in Baddeley’s model). The executive attention view 

also holds, that there are no “process-clear” tasks, which could exclusively measure a single 

process, but task-characteristics and contextual factors determine the involvement of domain-

specific strategies and domain-general executive attention.  

As the role of executive attention is to maintain goal-relevant information in the face 

of interference, research associated with the executive attention view investigates how 

individual differences in working memory capacity, as assessed by complex span tasks, is 

related to individual differences in performance of complex cognitive tasks (e.g. decision 

making or intelligence). The results of a series of factor analytic studies (Conway, Cowan, 

Bunting, Therriault, & Minkoff, 2002; Engle, Tuholski, Laughin, & Conway, 1999; Kane et 

al, 2004), for example, suggested that complex and single span tasks are separable, and 

complex cognition is associated with variance related to complex span tasks, but not to 

variance related to simple span tasks. Another line of research showed that in several tasks, 

which have no storage/memory requirements, individuals performing well in classic complex 

span tasks outperform those who perform worse: this was found in the in the Stroop task 

(Kane & Engle, 2003), in the antisaccade task (Kane, Bleckley, Conway, & Engle, 2001) and 

in the dichotic listening task (Conway, Cowan, Bunting, 2001).  

Finally, an extension of the executive attention view was proposed by Unsworth and 

Engle (2007), who suggested that the capacity of working memory is determined by two 

components: (1) primary memory, responsible for active maintenance of small amount of 

information; (2) secondary memory, responsible for controlled retrieval from long-term 

memory. In accordance with the embedded-process model and the executive attention view, 



7 

Unsworth and Engle proposed that the task of the WM system is the maintenance of task-

relevant information in face of distraction. Furthermore, they also claimed that capacity-

limitations of WM arise by the inability of active maintenance of information in primary 

memory or the ineffective retrieval of new task-relevant information from secondary memory.  

1.2. Attention and controlled processing  

Regardless of the differences between the working-memory conceptions summarized 

in the last section, there are many commonalities in the different theories. These 

commonalities are acknowledged also by the different theorists: Baddeley (2012), for 

example suggests that the main difference between his and Cowan’s theory is a different 

direction in the research strategy (bottom-up or top-down, i.e. focusing first on the storage 

systems or rather on the control system). An important common aspect of the WM-models is 

their emphasis on conscious attention and controlled processing, as a key mechanism, with 

which both the temporary maintenance and the manipulation of information is accomplished. 

Because of this, in this subsection we present a brief overview on theories of controlled versus 

automatic processes and views on the control of attention.  

1.2.1. Controlled versus automatic processing  

The notions of automatic and controlled processing have always been an important 

theme in psychology. In the field of cognitive psychology, it attracted much attention 

following the work of Walter Schneider and Richard M. Shiffrin (Schneider & Shiffrin, 1977, 

Shiffrin & Schneider 1977, Schneider & Chein, 2003). They made a distinction between a 

long-term store consisting of a network with nodes, and a short term store consisting of a set 

of currently activated nodes. Furthermore, they differentiated between two processing modes 

which can operate on this memory system: automatic and controlled processing. During the 

former, an input configuration is associated with the automatic activation of a sequence of 

nodes. This activation does not require the control or the attention of the individual. 

Automatic processing depends on associative processes and develops through substantial 

amount of training. In contrast, controlled processing involves a temporary sequence of 

activated nodes under the control or attention of the individual. Because it requires active 

attention, it is tightly limited in capacity, but it can be used in a more flexible fashion, and can 

be established much quicker than routines of automatic processing. There are further 

differences related to processing capacity: automatic processing is fast and is not sensitive to 



8 

concurrent processing or other stressors (e.g. the effects of fatigue or alcohol). In contrast, 

controlled processing is slow, serial, and sensitive to concurrent processing and stressors.  

Beside Schneider and Shiffrin (1977), similar distinction between automatic and 

controlled processing was proposed by Posner and Snyder (1975) and by Hasher and Zacks 

(1979). At the same time, the distinction between automatic and controlled processing has 

become very popular outside the field of experimental cognitive psychology, too (e.g. 

personality psychology: Epstein, 1973, 1994; Metcalf & Mischel, 1999; social psychology: 

Greenwald et al, 2002; Rydell & McConell, 2006; reasoning: Evans, 2003, Kahneman, 2003). 

Because of the many similarities of the distinctions suggested by different theorists, it was 

suggested to refer to the two modes of information processing using the neutral terms System 

1 and System 2, respectively (Kahneman & Frederick, 2002; Stanovich & West, 2000). 

System 1 processing is unconscious, rapid, automatic, whereas System 2 processing is 

conscious, slow and deliberate (e.g. Evans, 2008). Theories from various disciplines of 

psychology use differing terms for the dichotomy for System 1 and System 2, which however 

can be placed into a family resemblance structure. Some examples are shown in Table 1 

(adapted from Stanovich, 2012). Although there are also clear differences between these 

conceptual frameworks and the validity of System 1-System 2 approach is debated (see e.g. 

Evans & Stanovich, 2011), there is a common feature of this framework with the working 

memory theories outlined in the previous section: the role for controlled processing and 

conscious, controlled attention. I will turn to this topic in the next section. 

 

Source System 1 System 2

Bargh & Chartrand (1999)  Automatic processing  Conscious processing

Chaiken et al. (1989)  Heuristic processing Systematic processing

Fodor (1983)  Modular processes Central processes

Gawronski & Bodenhausen (2006) Associative processes  Propositional processes

Kahneman & Frederick (2002)  Intuition  Reasoning

Norman & Shallice (1986) Contention scheduling Supervisory attentional system

Posner & Snyder (1975)  Automatic activation Conscious processing

Reber (1993)  Implicit cognition  Explicit learning

Shiff rin & Schneider (1977)  Automatic processing Controlled processing  

Table 1. Different conceptualizations of System 1 (automatic) and System 2 (controlled) processing 

(adapted from Stanovich, 2012). 
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1.2.2. Controlled or executive attention 

One of the first contributions regarding the role of attention in controlling behaviour 

and cognition was presented by Daniel Kahneman (1973), who proposed that every individual 

has a limited mental capacity, and different acts of information processing taxes this limited 

resource. If processing requires more mental resources than the capacity-limit, performance 

breaks down. As suggested by Schneider and Shiffrin (1977), the automatisation of a process 

decreases processing requirements and thus leaves free capacity for other activities. The 

dramatic effects of this automatisation were demonstrated by Spelke, Hirst and Neisser (1977) 

by showing that after long training, participants were able to read aloud and type two different 

texts in parallel (another well-known example is how the ability of driving becomes automatic 

with no attentional demand). An important aspect of the capacity theory of Kahneman is to 

equate the allocation of these mental resources with the phenomenon of attention. As he put it, 

“a capacity theory is a theory of how one pays attention to objects and to acts. In the present 

work, the terms ‘exert effort’ and ‘invest capacity’ will often be used as synonymous for ‘pay 

attention’.”  (Kahneman, 1973, p. 8.). This view is echoed in many WM models which 

emphasize the role of focus of attention (Cowan, 1995) or executive attention (Engle, 2002) 

but the attentional aspects are also emphasized in the case of the central executive (Baddeley, 

1996). 

Attention serving controlled information processing must be distinguished from other 

aspects of attention – as proposed on both functional and neurobiological level by the model 

of Michael I. Posner, which is dealing with different attentional networks of the brain 

(Petersen & Posner, 2012; Posner & Petersen, 1990). In this model, three different functions 

and brain networks are suggested: alerting, orienting and detecting. The first is responsible for 

the vigilance toward incoming stimuli, and is associated with the brain stem reticular system 

(Moruzzi & Magoun, 1949) and a neuromodulator system involving the locus coeruleus and 

its projections to the cortex (Aston-Jones & Cohen, 2005). The second component is related 

to the orientation of attention toward relevant stimuli in the environment, and Posner and 

Petersen (1990, Petersen & Posner, 2012) links it to a brain network localised in the parietal 

cortex (a.k.a. the posterior attentional system). The third system responsible for target 

detection involves the detection of targets for focal attention, which interferes with other 

cognitive operations. This third component was associated to a network dominantly localised 

in the frontal cortex (a.k.a. the anterior attentional system).  
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A somewhat different approach differentiated between brain networks associated with 

top-down versus bottom-up influences in the capture of attention (Corbetta, Patel, & Shulman, 

2008; Corbetta & Shulman, 2002): they differentiated between brain networks responsible for 

top-down and bottom-up effects in the capture of attention. The former refers to the influence 

of knowledge and expectancies and involves a dorsal frontoparietal network, whereas the 

latter concerns influence of stimulus characteristics, for example, saliency, and involves a 

more ventrally located network.  

The target detection system of the original paper published by Posner and Petersen 

(1990) was renamed as executive control system in the follow-up review (Petersen & Posner, 

2012), which was published 22 years later to summarize the developments of the field in the 

time between. This illustrates the growth of research which links controlled attention to the 

control of behaviour and cognition and links it to the anterior areas of the brain, in particular 

the prefrontal cortex. Posner himself (Posner & Digirolamo, 1998), for example, linked the 

target detection system identified earlier to the SAS model of Norman and Shallice (1986). 

Baddeley (1996, 2012), based on the effects of lesions of the prefrontal cortex, proposed that 

the operations of the central executive involve primarily the focusing, switching and dividing 

of attention. The involvement of the frontal lobes was suggested in dual-tasks situation with 

concurrent processing on two tasks (e.g. d’Esposito et al, 1995), and also in situations of 

multitasking, when attention has to be divided between multiple tasks (e.g. Burgess, 2000). 

Moreover, Kane and Engle (2002) linked their executive attention construct also to prefrontal 

cortex function, and finally, Schneider and Chein (2003), extending the original framework of 

automatic and controlled processes (Schneider & Shiffrin, 1997), attributed elements of the 

network responsible for controlled processing to brain areas overlapping with the anterior and 

posterior attentional system. Thus, to sum up, results of cognitive psychology and cognitive 

neuroscience suggest controlled processing and focused attention play an important role in 

complex cognitive tasks, and that the seat of these functions is in the prefrontal cortex.  

Consequently, research and theories of frontal lobe functions will be briefly summarized in 

the next section.  
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1.3. The role of the frontal lobes in cognition  

1.3.1. Executive functions, cognitive control and the frontal lobes 

The role of the prefrontal cortex in the mental life puzzled investigators thorough the 

entire century. The famous case of Phineas Gage (Harlow, 1848), was the first of case-studies 

on frontal lobe lesions which highlighted the role of the anterior parts of the brain in 

personality, emotions and control of behaviour. Nevertheless, as Teuber (1964) notes, in the 

first half of the century, extreme and opposing views were proposed which either attributed all 

intellectual functions to the frontal lobes or denied any role of the frontal lobes in higher-order 

mental processes (e.g. Brickner, 1936; Hebb, 1945). These contrasting views were supported 

by selective reliance on different studies which showed either dramatic or no behavioural 

effects after frontal lobe lesions or psychosurgery (e.g. Brickner, 1952; Hebb & Penfield, 

1940). The crucial role of the frontal lobes in behaviour and mental processes, was, however, 

gradually accepted by neurologists and neuropsychologists.  Moreover, as it was puzzling for 

many investigators, patients with frontal lobe disorders often reported  marked problems in 

everyday settings, showed at the same time no circumscribed functional deficit which could 

have been easily identified with formal clinical tests (see e.g. Mesulam, 1986). These 

inconsistencies point to the diversity of functions associated with the frontal lobes, and they 

also highlight, that the role of the prefrontal cortex is especially important in the flexible 

control of behaviour and in volitional, goal-directed behaviour (e.g. Lurija, 1973; Norman & 

Shallice, 1986).  

The mental operations and functions enabling such flexible control are often called 

executive functions. This is an umbrella term, with many different functions attributed and 

many different definitions given. One important common part in the definitions is the link 

between executive functions and frontal lobe functions. The concept evolved to explain the 

absence of organized and complex behaviour, seen in patients with frontal lobe lesions. The 

definitions or descriptions of executive functions often involve a reference to some hallmark 

neuropsychological tasks (e.g. Wisconsin Card Sorting Task: Miller, 1963; Trail-Making 

Task: Reitan, 1958). These tasks are, however, hallmark tasks of executive functions based on 

the impaired performance seen in patients with frontal lobe (raising the suspicion of 

circularity in the definition, Alvarez & Emory, 2006).  
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From a functional point of view, executive functions are often defined as involving 

cognitive processes which enable flexible behaviour in novel or unfamiliar situations, where 

routine behaviours are not adaptive (e.g. Gilbert & Burgess, 2008). This definition is 

reminiscent of the characteristics of the control systems/components in the working memory 

models (e.g. Baddeley, 1996; Engle, 2002; Norman & Shallice, 1986), and is also related to 

the notion of controlled processing (Schneider & Shiffrin, 1977). Another important element 

is the planning and execution of adaptive behaviour in complex situations. This involves the 

inhibition of inappropriate actions, matching behaviour to the requirements of the situation, 

and controlling concurrently executed actions. This last aspect is often highlighted in the case 

studies demonstrating the impairments in everyday behaviour of frontal lobe patients (see e.g. 

Damasio, 1994; Shallice & Burgess, 1991). A third important aspect of executive functions 

often emphasized in definitions is the coordination of lower-level cognitive processes to serve 

the goal-directed planning, organisation and execution of cognition and action (e.g. 

Funanashi, 2001).  To emphasize the control of subordinate level processing, the term 

cognitive control is often used instead of executive functions. This term is common 

particularly in the field of neurosciences or in cases, if the concept is applied in domains 

different from working memory or attention (e.g. the cognitive control of emotion; Ochsner & 

Gross, 2005). In contrast, the term ‘executive functions’ is more widespread in 

neuropsychology and experimental cognitive psychology, as it refers to notions of the central.  

Based on the neuropsychological observations and the summation of data from various 

fields spanning from neurobiology to experimental psychology, several theories have been 

proposed for explaining the role of the prefrontal cortex in executive functions or cognitive 

control (e.g. Banich, 2009; Damasio, 1994; Duncan, 2001; Fuster, 1997; Goldman-Rakic, 

1995;   Grafman; 2002; Miller & Cohen, 2001; Norman & Shallice, 1986). Moreover, the 

interactions of the frontal lobes with subcortical structures were also explored (e.g.  the 

frontostriatal loops, Alexander, DeLong, & Strick, 1986). One important difference between 

these theories is whether cognitive control processes can be fractionated, and if, how – on 

both functional and neural level.  

1.3.2. The fractionation of cognitive control processes  

The explanatory power of the concepts of controlled processing and executive 

functions depends largely from avoiding the problem of a homunculus. If all the higher-order 

functions of human cognition is attributed to a hypothetical system or a set of functions (e.g. 



13 

the central executive or the executive functions), than we are not much closer to the 

explanation of how the brain implements complex human cognition. As Baddeley (2012, p 

14) put it, the central executive “was assumed to be capable of attentional focus, storage, and 

decision making, virtually a homunculus, a little man in the head, capable of doing all the 

clever things that were outside the competence of the two subsystems”.  

Thus, it is very important to specify, how exactly the networks in the prefrontal cortex 

accomplish the goal-oriented control of subordinate cognitive processes. Some theories 

proposed a unified structure of cognitive control, determined by a single underlying network 

(e.g. Duncan, Johnson, Swales, & Free, 1997; Duncan & Owen, 2000), whereas others 

proposed a fractionation of the executive functions to different specific functions 

corresponding to distinct brain networks (e.g. Stuss & Alexander, 2000; Stuss, Shallice, 

Alexander, & Picton, 1995). A compromise between these views was suggested by Miyake, 

Friedman, Emerson, Witzki, and Howerter (2000), who investigated the correlations between 

tasks corresponding to three cognitive control processes, which were often associated with 

cognitive control in the literature: shifting, inhibition and updating. Using structural equation 

modelling, they showed that the three processes are “clearly distinguishable”, but they “do 

seem also to share some common underlying commonality” (Miyake et al, 2000, p 87). The 

debate is not resolved yet, and another proposals regarding the fractionation of executive 

functions has been proposed (e.g. Smith & Jonides, 1999), but the three concepts used by 

Miyake et al (2000) are often appearing in new conceptualizations and empirical research 

(e.g. Garon, Bryson, & Smith, 2008, or related to anxiety: Eysenck, Derakhsan, Santos, 

&Calvo, 2007, see also later), thus we can conclude that shifting, inhibition and updating are 

three key processes related to cognitive control.  

These theoretical debates on the exact organisation of cognitive control 

notwithstanding, a huge amount of data has been accumulated which linked different parts of 

the prefrontal cortex to different control processes. The ventromedial and orbitofrontal parts 

of the prefrontal cortex was linked to value-based learning processes (Clark, Cools, & 

Robbins, 2004), the integration of emotional signals (Damasio, 1994), and memory-

consolidation (Frankland & Bontempi, 2005; Nieuwenhuis & Takashima, 2011). The 

dorsolateral and ventrolateral parts of the prefrontal cortex has been associated with the 

maintenance and manipulation of information (e.g. Curtis & d’Esposito, 2003; Wagner, Maril, 

R.A. Bjork, & Schachter, 2001), memory encoding and retrieval (Brand & Markowitsch, 

2008; Wheeler, Stuss, & Tulving, 1995). The anterior cingulate cortex, located at the posterior 
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side of prefontral cortex, was associated with conflict monitoring and error detection (Swick 

& Turken, 2002). Again, a summary of all these developments is out of the scope of the 

present review, but the referred links between prefrontal networks and cognitive function 

illustrates that the prefrontal cortex is linked with a variety of cognitive processes.  

1.4. Summary 

In the above sections, theories and empirical data for a variety of related topics were 

reviewed, from the viewpoint of experimental cognitive psychology, neuropsychology, and 

cognitive neuroscience. A variety of concepts and terms were introduced, which all referred to 

higher-order, complex cognition: central executive, executive attention, controlled processing, 

executive functions, cognitive control processes1. Common in these concepts are that they are 

thought to control and coordinate more basic, subordinate cognitive processes and they 

require controlled processing, mental effort and conscious attention. As the most neutral term 

theoretically, I will refer to this group of similar concepts as cognitive control processes in the 

remaining of the dissertation.  

2. Anxiety and cognitive performance 

2.1. Concept and theories of anxiety 

The concept of anxiety and fear has always been present in human history, but its 

scientific enquiry is deeply rooted in Freudian psychoanalytic theory (Freud, 1924). Freud 

distinguished between objective, neurotic and moral anxiety. Whereas objective anxiety refers 

to reactions to objectively dangerous stimuli (e.g. someone pointing a gun upon you), the 

other two types of anxiety are experienced, whenever the person’s ego-defence is not strong 

enough to hold id-ego (neurotic anxiety) or id-superego (moral anxiety) conflicts outside of 

consciousness. Specifically, neurotic anxiety is a signal which indicates, that because of 

breakdown in ego-defence, the person might re-experience the repressed and unconscious 

psychological trauma. So, the dysfunctions of ego-defence results in a tendency to be fearful 

and anxious.  

                                                 
1Note also, that we limited the scope of this summary by omitting the huge amount of data and theories 

associated with reasoning ability and fluid intelligence. These concepts can be and are also linked to executive 

functions and cognitive control (Kyllonen, Christal, 1990;Conway, Kane, Engle, 2003, Conway, & Kovács, 

2013). 
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 Half a century later, Charles D. Spielberger introduced the concept of state and trait 

anxiety, which became one of the most influential conceptualization of anxiety (Spielberger, 

1972, 1975). State anxiety refers to the psychological and physiological manifestation of the 

stress-response evoked by psychological or physical danger. Trait anxiety is the propensity to 

experience state anxiety. According to Reiss (1997), this conceptualization preserves the core 

features of the psychoanalytic theory: a person with high trait anxiety can be described with 

psychoanalytic terms as someone having dysfunctional ego-defence and therefore experiences 

often high amount of neurotic anxiety (state anxiety). 

 The concepts of anxiety and fear are often used interchangeably, as both can be 

defined as an emotional reaction to stimuli or events involving physical or psychological 

threat. They are often distinguished by their eliciting cues. Fear is often suggested to be 

related to immediate and clear danger, which motivates escape or avoidance behaviours, and 

thus is seen as an emergency defensive reaction (Barlow, 2000; Craig, Brown, & Baum, 1995; 

Steiner, 2002). In contrast, anxiety involves a somewhat “diffuse” apprehension with no clear 

and present eliciting cue (Craig, Brown, & Baum, 1995; Steiner, 2002), and a “sense of 

uncontrollability focused largely on possible future threats, danger, or other upcoming 

potentially negative events” (Barlow, 2000, p 1249). Öhman (2008) emphasizes also the 

temporal dimensions: fear is “postsimulus” (elicited by a present danger), whereas anxiety is 

“prestimulus” (anticipatory to threat cues). Finally, fear and anxiety can be differentiated 

based on motivational direction: fear is an emotion which operates when the organism departs 

from the source of danger, whereas anxiety is related to situations, when the source of danger 

has to be approached (Gray & McNaughton, 2000; McNaughton & Corr, 2004). This 

readiness aspect of anxiety was highlighted also by Barlow (2000, p 1249), who suggested 

that anxiety is a “future-oriented mood state in which one is ready or prepared to attempt or 

cope with an upcoming event”.  

Reflecting this multifaceted nature of the phenomenon, the internationally used 

nosological systems of psychiatric disorders differentiate between multiple disorders related 

to anxiety and fear. The fifth version of the Diagnostic and Statistical Manual of Mental 

Disorders (DSM-V, American Psychiatric Association, 2013) contains three superordinate 

categories termed “anxiety disorders”, “obsessive-complusive and related disorders” and 

“trauma and stressor-related disorders”. All three categories subsume various syndromes, e.g. 

panic disorder, generalized anxiety disorder, specific phobia, obsessive compulsive disorder, 

etc. In the International Classification of Diseases (ICD-10, Word Health Organization, 1992), 
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somewhat different categories are used: “phobic anxiety disorders”, “other anxiety disorders”, 

“obsessive compulsive disorder” (these categories are themselves subordinate categories of 

the higher-order category “Neurotic, stress-related and somatoform disorders”, which 

preserved the Freudian terminology).  

 With the rise of cognitive science, the cognitive approaches to theory and treatment of 

anxiety become widespread. The role of cognitive appraisal in the development of our 

emotional reactions were emphasized by the well-known work of Richard S. Lazarus and his 

colleagues (Lazarus & Folkman, 1984) and important contributions came from Aaron T. Beck 

(1972, 1975), who stressed the role of cognitive schemata in the appraisal process. This idea 

and Beck’s theory in particular, formed the basis of cognitive therapy, which was successfully 

applied to many mental disorders in the last 40 years. Beside mood disorders, the cognitive-

behaviour therapy based on this cognitive model turned out to be effective also for the 

treatment of anxiety disorders (e.g. Wells, 2013). In parallel with the cognitive appraisal 

model, another, slightly different cognitive approach has also evolved examining subtle 

differences in information-processing characteristics of anxious people. There is converging 

evidence suggesting that anxious people show information-processing biases, if they are 

confronted with threatening stimuli. Those cognitive biases can be observed in selective 

attention to threatening stimuli, in interpretation of ambiguous information and in implicit and 

explicit memory test including negatively valenced material.  

In the last two decades huge advances were made in understanding neurobiological 

foundations of emotion in general and anxiety, in particular. Early neurobiological theories of 

emotion (MacLlean, 1955; Papez, 1937) identified the seat of emotion in an ensemble of 

cortical and subcortical areas, usually termed the limbic system. Based on these theories, 

several of the core emotional networks have been identified based on animal work (Gray, 

1982; Gray, McNaugton, 2000; LeDoux, 1996, 2000; Panksepp, 1998, 2011), and their results 

have been generalized to humans by using functional neuroimaging (e.g. Ochsner & Gross, 

2005; Phelps, Delgado, Nearing and LeDoux, 2004). In the following subsections, the 

neurobiological underpinnings of anxiety and the link between anxiety and cognition will be 

delineated.  
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2.2. Neurobiological underpinnings of anxiety 

Based on the theories of Papez (1937) and MacLean (1955), the defensive behaviours 

exhibited by humans, primates and mammals were linked to networks of the limbic system 

involving cortical and brain-stem connections. Different authors suggest different, but 

overlapping systems underlying fear and anxiety reactions. Panksepp (1998, 2011), for 

example, suggest, among seven basic emotional circuitry, distinct networks of fear/anxiety, 

and rage/anger. The first is activated by imminent danger, whereas the second relates to 

freezing, escape and avoidance behaviours. A network involving different parts of the 

periaqueductal gray (PAG), the hypothalamus and the amygdala are suggested to underlie 

these defensive behaviours. 

Gray and McNaughton (2000) suggest, that the basic defensive reactions and the 

corresponding brain networks can be organized into a hierarchy, determined by the  distance 

of threat and the direction of movement relative to the source of threat (i.e. approach or 

withdrawal) . In the case of immanent, present danger, there is no room for hesitation, thus 

undirected escape, fight or freezing are the behavioural options (i.e. the fight or flight 

response). These responses are directed by the PAG. If danger is more distal than directed 

escape or avoidance behaviours can be implemented. These are coordinated by the amygdala 

and the hypothalamus. All of these behaviours result in a withdrawal from the source of 

threat, and according to Gray and McNaugton (2000), are mediated by the fight-flight-freeze 

system (FFFS). The FFFS is responsible for reactions to all aversive stimuli and is associated 

with the emotion of fear. In contrast, anxiety is experienced, if a potential threat has to be 

approached, and thus opposing goal-action tendencies are activated (e.g. approaching the 

source of danger evokes withdrawal motivation). This activates a neural system called 

septohippocampal system (Gray, 1982; Gray & McNaughton, 2000): a network including the 

hippocampus, the subiculum, the septum, the entorhinal cortex and the amygdala. This 

network constitutes the neuroanatomical substrate of the behavioural inhibition system (BIS), 

which lies at the hearth of anxiety. The system is evolved to permit the animal to enter a 

dangerous situation and is associated with cautious risk-assessment and behavioural 

inhibition. The main role of the BIS is to detect and resolve conflicts between action 

tendencies (e.g. if the animal has to approach a threatening situation) (Gray & McNaughton, 

2000; McNaughton & Corr, 2004). The extension of this model is the reinforcement 

sensitivity theory, which aims to explain the differences in human personality through the 
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interplay of three basic emotional/motivational systems: FFFS, BIS, and Behavioural 

Activation System, responsible for approach motivation (Corr, 2008).  

A third approach, which was also very useful in delineating the neurobiological basis 

of anxiety, aimed to explore the neural structures responsible for Pavlovian fear-conditioning, 

a good animal-model of human anxiety (Davis, 1997; LeDoux, 1996). By this type of 

conditioning, the unconditioned stimulus (UCS) is a negatively valenced stimulus (foot shock, 

lightly poisoned food, etc). If a neutral stimuli (the conditioned stimulus-CS) is paired with 

this UCS, then this CS will trigger the same behavioural and biological stress reaction than 

the UCS (startle reflex, freezing, cardiovascular and endocrine changes). If the CS is not 

followed by the UCS anymore, than extinction follows- the conditioned response will not be 

evoked anymore by presenting the CS.  

The essential structures suggested for fear-conditioning are the amygdala and the 

ventromedial prefrontal cortex. The sensory information regarding CS and UCS arrives at the 

lateral nucleus of the amygdala and this is the key site of plasticity, where the association 

between CS and UCS is formed. The lateral nucleus projects to the central nucleus, which 

then organizes the fear-related somatic and behavioural response. By extinction the 

ventromedial prefrontal cortex inhibits the activity of the amygdala, and so the stress-response 

to the UCS is omitted (for a detailed review of the fear-conditioning network see LeDoux, 

1995 or Schaefe & LeDoux 2004). Based on this research, a huge amount of research 

emerged which point to a pivotal role of this “fear circuitry” in human emotional processing.  

On human samples using functional neuroimaging, the same pattern of amygdala and 

ventromedial prefrontal cortex activation can be demonstrated by fear-conditioning and 

extinction, respectively (e.g. LaBar, Gatenby, Gore, LeDoux, & Phelps, 1998, Phelps, 

Delgado, Nearing, & LeDoux, 2004). Moreover, amygdala activation was observed in an 

instructed fear paradigm, where the association between threat and fear conditioning is not 

established through conditioning, experimentally, but through verbal instruction (i.e. telling 

participants that they will get a shock when a specific stimulus appears).  These findings 

suggest that the fear circuitry identified by LeDoux might serve as an obvious model of how 

fear and anxiety might be regulated.  

Furthermore, it was also demonstrated, that the amygdala is involved not only in fear 

conditioning, but plays a more general role in processing of emotionally valenced 

information. It was shown, that the amygdala is activated by the mere presentation of aversive 
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or threatening stimuli (Baas, Aleman, Kahn, 2004, Isenberg et al, 1999). Moreover, some 

investigators suggested the involvement of the amygdala in the processing of appetitive 

stimuli (Hamman, Ely, Hoffman, & Klits, 2002; Murray, 2007), and new theories propose that 

it is involved in processing of any kind of salient stimuli (Davis & Whalen, 2001). Other 

findings also suggest a general role of the amygdala in the processing of emotionally valenced 

information (at least, in humans: Cahill, Babinsky, Markowitsch, & McGaugh (1995), for 

example, found that the activation of the amygdala during encoding of emotional material 

predicted later successful retrieval. Furthermore, other studies demonstrated a modulating 

effect of the amygdala on attention and perception (Anderson & Phelps, 2001; Morris et al., 

1998), and amygdala-activations has been shown also to unattended or masked stimuli 

(Anderson, Christoff, Panitz, De Rosa & Gabrieli, 2003; Vuilleumier, Armony, Driver, & 

Dolan, 2001). Because the amygdala projects back to sensory areas, it is likely that the quick 

amygdala response modulates the subsequent perceptual and attentional processes (Phelps & 

LeDoux, 2005). Finally, the interplay between the amygdala and different areas of the 

prefrontal cortex has been suggested to underlie the cognitive regulation of emotion, with 

dorsal areas of the PFC involved in redescription of emotional associations, whereas ventral 

regions associated with the alterations of these associations (Ochsner& Gross, 2005). 

Consistent with these findings implicating a pivotal role of the amygdala in anxiety 

and emotional processing, neuroimaging studies of anxiety disorders usually find evidence for 

a hyperresponsive amygdala activity (Holzschneider & Mulert, 2011; Shin & Liberzon, 

2010). Besides, posttraumatic stress disorder is also associated with hypoactive medial frontal 

areas, whereas a different, frontostriatal network is suggested to be associated with obsessive-

compulsive disorder (Shin & Liberzon, 2010). Regarding trait and state anxiety, Bishop 

(2007, 2009) proposes that high state anxiety is associated with heightened amygdala 

response to threatening stimuli, whereas high trait anxiety correlates with the insufficient 

recruitment of prefrontal control-mechanisms, which should inhibit the excessive activation of 

the amygdala. Thus, insufficient prefrontal control and an overreactive amygdala result in the 

preferential processing of threatening stimuli. This preferential processing is one of the 

hallmark features of cognition in anxiety, which cognitive theories of anxiety attempt to 

explain.  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vuilleumier%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Armony%20JL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Driver%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dolan%20RJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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2.3. Cognitive approach to anxiety 

2.3.1. Cognitive appraisal and anxiety 

 It is an evergreen theme of personality psychology, what determines our coping ability 

with everyday challenges and problems. Psychoanalytic theorists called this ability “ego-

strength”, whereas cognitive theories emphasize the significance of appraisal. According to 

Lazarus (Folkman, Lazarus, Gruen, & DeLongis, 1986; Lazarus & Folkman, 1984), our 

reaction to a given situation is determined by the cognitive appraisal of the situation. This 

appraisal process is automatic, often not conscious, which makes the theory very similar to 

the ideas of Aaron T. Beck (1972, 1975). He proposed a similar theory to explain emotional 

disturbances, and on the basis of this theory he developed cognitive therapy, which became 

one of the most popular and widespread form of psychotherapy. As he stated, emotional 

disturbances of depressive and anxious patients are the consequence of automatic 

dysfunctional cognitive schemata, which biases the cognitive appraisal of situations in a 

negative way; thus trigger emotions of sadness, fear or anxiety. One of his most known 

concepts is the cognitive triad of depression: negative assessment of the self (“I am useless 

and worthless”), the world (“everyone is better, than me”) and the future (“there is no hope 

that things would improve in the future”). Beck also proposed that the dysfunctional beliefs of 

the patients have different contents of depression and anxiety. Whereas the dysfunctional 

beliefs of depression are focused on the themes of the Cognitive Triad, anxious people’s mind 

is occupied with beliefs that are related to physical or psychological threats (“I will get a heart 

attack, when I stay at the bus” or “everybody will laugh on me”). Both in depression and 

anxiety, the therapy must target the correction of these negative schemata and beliefs about 

the word and the self (Beck, 1972, 1975). 

 Refining the original ideas of Beck about anxiety, cognitive models for all anxiety 

disorders have been developed. In these models, theorists attempted to describe those 

disorder-specific cognitive schemata, which contribute to the development and maintenance 

of the symptoms. Panic disorder, for example, is suggested to be associated with the 

catastrophic misinterpretation of subtle bodily sensations (dizziness, palpitations and 

breathlessness).These are often associated with normal anxiety responses or sometimes with 

other emotional responses, but could also be caused by non-emotional events (e.g. physical 

exercise). If these benign sensations are misinterpreted as sign of imminent danger, for 

example as a sign of heart attack, the fear of the hearth attack will increase anxiety level, 
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cause anxiety-related bodily changes, and orient the attention to these bodily sensations. This 

will then once again subject to misinterpretation, and so a “vicious circle” comes into action, 

resulting in a panic attack (Clark, 1988, 1996). In this case, cognitive therapy is focused on 

modifying this misinterpretative attribution-style of bodily sensations. Another example for 

the role of appraisal in psychopathology is the cognitive model of posttraumatic stress 

disorder (PTSD) introduced by Ehlers and Clark (2000). They state, that “persistent PTSD 

occurs only if individuals process the traumatic event and/or its sequelea in a way which 

produces a sense of a serious current threat” (p. 320). This occurs, when the trauma and the 

subsequent symptoms are associated with negative beliefs, such as “I attract disaster” or “My 

personality has changed for the worse” and “I’ll never be able to relate to people again”.  

These beliefs and strategies will prevent the processing and reorganizing of the fragmented 

and vivid sensory trauma memory, which in turn leads to the persistence of the symptoms 

(e.g. involuntary recollections of the trauma-memory). The cognitive models related to 

Generalized Anxiety Disorders will be dealt with in Section 3.2.  

2.3.2. Anxiety and cognition: cognitive biases 

In parallel with the cognitive appraisal model, another, slightly different cognitive 

approach has also evolved, which investigated subtle differences in information-processing 

characteristics of anxious people. Generally, this line of research showed that individuals with 

high levels of trait anxiety or diagnosed with anxiety disorders are characterized by the 

preferential processing of threat (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van 

Ijzendoorn, 2007; McNally, 1996). Three cognitive biases were associated with anxiety: 

memory bias, interpretive bias, and attentional bias.  

Empirical support is the weakest for the memory bias, that is, for the preferential recall 

of negative or threatening material. This bias is investigated using memory paradigms, where 

a list of words with neutral and threatening valence are learned and then recalled. Memory 

bias is evidenced when more threatening than neutral words are recalled. Whereas there is 

overwhelming evidence for a memory bias toward negatively valenced words associated with 

depression (Williams, Watts, Macleod, & Mathews, 1988), many reviewers conclude, that 

anxiety is not associated with a memory bias (Mitte 2008; Mogg & Bradley, 1998). Others 

(Coles & Heimberg, 2002), however, claim that the characteristics of the memory task 

determine the presence of memory biases in anxiety disorders: deep processing of information 

during encoding (see Craik & Lockhart, 1972) and the usage of free recall tasks at retrieval 
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increase the possibility of finding a memory bias, as opposed to incidental, shallow encoding 

and recognition tasks.  

There is a sounder empirical base for the interpretive bias, that is, for the tendency of 

anxious individuals to interpret ambiguous information in a threatening way. This effect was 

shown, for example, by Eysenck, MacLeod, & Mathews (1987), who presented participants 

auditorily homophones with both a threatening and a neutral interpretation (e.g. die-dye, guilt-

gilt). They showed that high trait anxious individuals are more likely to interpret specific 

homophones according to their threatening meaning, than low anxious individuals. 

Interpretive biases were also shown using text comprehension tasks (e.g. MacLeod, & Cohen 

1993) or using questionnaires to judge ambiguous situations (e.g. Constans, Penn, Ihen, & 

Hope, 1999).  

Finally, the selective attentional bias associated with anxiety has received most 

empirical and theoretical attention. The selective attentional bias is a tendency of anxious 

individuals to pay more attention to threatening stimuli, as compared to non-anxious 

individuals (Ouimet, Gavronsk, & Dozois, 2009). The phenomenon has been demonstrated 

using several tasks, which excludes the possibility of the effects of task-confound (Cisler & 

Koster, 2010). The modified version of the Stroop-task (Stroop, 1935), also called the 

emotional Stroop task, was one of the most often used task for investigating the bias (for a 

review, see Williams, Mathews, & MacLeod, 1996). In the classical paradigm, participants 

have to name the colour of a displayed word. If the word has the meaning of another colour 

(e.g. the word ‘blue’ is printed with red ink colour), then interference appears between the 

colour of the characters and the meaning of the word; thus the reaction time of the response 

increases. In the case of the emotional Stroop-test, the words are either neutral or emotion-

inducing words, and interference is suggested to build up because of the emotionally 

disturbing nature of the words (e.g. dying, cancer, blood). There is overwhelming evidence, 

that anxiety disorders are associated with increased colour-naming time when the word has a 

threatening meaning (for review see Williams, Mathews, & MacLeod 1996). Interference 

arises because the attention of anxious people is easily captured by task-irrelevant threatening 

information. 

 The very same phenomenon can be demonstrated in another attentional task, the so-

called dot-probe task. In this paradigm, two words, human faces or other pictures are 

presented on different locations of the screen. One of the stimuli is neutral, whereas the other 
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is threatening. After they disappear, a neutral stimulus (called the probe) appears on one of the 

locations. The participant has to respond immediately when the probe appears. The probe-

stimulus can appear on the same location as the threatening stimulus or on the other location 

(called congruent and incongruent probes, respectively). Anxious people tend to respond 

faster for congruent probes, indicating that they had already attended the location, where the 

threatening information appeared. In non-anxious people, no such difference between neutral 

and threatening information can be found (Mogg & Bradley, 1998, Ouimet, Gavronski, & 

Dozois, 2009). Beside these two tasks, the effect has been also shown using visual search task 

paradigms (Öhman, Flykt, & Esteves, 2001), and spatial cuing paradigms (Fox, Russo, 

Bowles, & Dutton, 2001).  

2.3.3. The mechanisms of selective attention to threat: the role of attentional 

control 

Cognitive biases might be causally related to anxious symptoms (MacLeod, Campbell, 

Rutherford, & Wilson, 2004), and several modification procedures have been proposed to 

alleviate anxiety through modifying attentional and interpretive biases (for reviews, see 

Hallion & Ruscio, 2011; MacLeod & Mathews, 2012). This necessitates the careful 

investigation of underlying mechanisms. In this overview, I will focus on theories explaining 

attentional biases (as the explanation of interpretative bias has attracted less attention). In 

particular, models explaining attentional biases must explain the time-course of the biases, 

and must take into account the effects of anxiety on four different stages of attention: (1) 

orientation towards stimuli; (2) attentional engagement with the stimulus; (3) attentional 

disengagement from the stimulus (4) attentional avoidance of a stimulus. Several studies 

showed that attentional bias, as assessed by the e-Stroop or the visual-dot probe task, is 

present in clinically anxious individuals using subliminal presentations (Bradley, Mogg, 

Millar, & White, 1995; Harvey, Bryant, & Rapee, 1996; Lundh, Wikstrom, Westerlund, & 

Ost, 1999). Such preattentive effects indicate that anxiety is associated with the preconscious 

orientation towards threatening stimuli. Other studies investigated whether the attentional 

biases can be attributed to enhanced engagement towards, or impaired disengagement from 

threatening stimuli (e.g. Cooper & Langton, 2006; Fox et al, 2001; Koster, Crombez, 

Verschuere, Van Damme, & Wiersema, 2006). The results indicate that both engagement and 

disengagement might play a role, determined by temporal parameters of the task (e.g. Cooper 

& Langton, 2006).  
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To explain the involvement of preattentive orientation, attentional engagement and 

disengagement, most (e.g. Bar-Haim et al., 2007; Mogg & Bradley, 1998; Ouimet, 

Gawronski, & Dozois, 2009; Williams et al. 1988), but not all (Wells & Matthews, 1994) 

models of selective attentional biases propose both an automatic threat-detection 

system/component and a distinct regulatory system/component. In their early model, Williams 

et al. (1988), for example, proposed a mechanism assessing the threat value of the stimulus, 

termed affective decision mechanism. The output of the system depends on the stimulus 

characteristics and the person’s current anxious mood state. The second proposed mechanism 

is termed resource allocation mechanism, and it is suggested to determine the processing 

priorities. By individuals with high trait anxiety, the system orients the attention toward 

threatening information, whereas by individuals with low trait anxiety, the system orients the 

attention away from threat. In the model of Mogg and Bradley (1998), a component called 

valence evaluation system determines the threat value of the stimulus, whereas the second 

component called goal engagement system is responsible for the resource allocation. If the 

stimulus has a high threat value, the system interrupts ongoing activities, and orients the 

attention to the threat stimulus. If the stimulus has a low threat value, then the further 

processing of it will be inhibited by the goal engagement system. Trait anxiety reflects the 

reactivity of the valence evaluation system, and has no direct influence on resource allocation, 

like in the model of Williams et al (1988). Finally, Ouimet et al. (2009) put forward a multi-

process model of cognitive vulnerability to anxiety, in which the pattern of orientation, 

engagement and disengagement is explained in a dual-system framework of associative and 

rule-based systems (Strack & Deutsch, 2004). These theories use either implicitly or explicitly 

the differentiation between automatic and controlled processes, and suggests that anxiety is 

associated with an impairment of attentional control in anxiety. This impairment of controlled 

processing is not only relevant regarding the explanation of attentional biases, but has a much 

broader scope. Thus, in the next section, research focused at the link between anxiety and 

cognitive control will be reviewed. 

2.4. Anxiety and cognitive control 

2.4.1. Test anxiety, cognitive interference and processing efficiency  

The effects of anxiety on cognitive performance have attracted a large amount of 

interest in the literature on test anxiety. This concept refers to a context-specific form of 

anxiety relating to concerns about performance in evaluative situations (Zeidner, 1998, 2007). 
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Liebert and Morris (1967) identified two components of test anxiety: emotionality and worry. 

The worry component is viewed as distressing concerns, worrisome thoughts or any cognitive 

expressions about negative evaluation and failure. In contrast, the emotionality component 

refers to the perceptions of autonomic arousal evoked by evaluative stress. Beside these 

cognitive and affective facets, behavioural factors, such as deficient test-taking skills and 

avoidance behaviours can be also added (Zeidner, 1998). Important for our purposes is the 

finding, that the worry component of test anxiety is most closely associated with impaired test 

performance (Hembree, 1988; Seipp, 1991). According to the cognitive interference theory 

(e.g. Sarason, 1988), this deleterious effect is caused because cognitive processing related to 

worrisome thoughts competes with task-relevant processing for the limited processing 

capacity of the attentional-executive system.  

Although the cognitive interference theory has intuitive appeal and received also 

empirical support, it failed to specify how anxiety affects controlled processing (Eysenck, 

2010). This was accomplished by the processing efficiency theory (Eysenck & Calvo, 1992), 

which gave precise predictions, how anxiety should might affect cognition, framed in the 

context of the multi-component working memory model of Baddeley (e.g. Baddeley, 1986). 

According to the theory, worrisome thoughts and anxiety in general consumes the resources 

of the central executive, but do not affect the two slave systems. The theory also states, that 

anxiety does not necessarily impair tasks requiring the central executive either, as the 

potential performance impairments caused by the “pre-emption” of working memory 

resources can be compensated for by using more processing resources. Behavioural 

performance will be impaired only if there are no auxiliary processing resources (e.g. in dual 

tasks situations). This means, that processing effectiveness is often preserved, but processing 

efficiency is impaired by individuals with high levels of trait anxiety. Evidence for this claim 

was revealed by studies showing that performance in a dual task paradigm was more impaired 

for high than for low high trait anxious in a verbal reasoning task, when a demanding 

secondary task had to be also performed (Derakhsan & Eysenck, 1998; MacLeod & 

Donnellan, 1993). In a follow-up study, Eysenck and Payne (2005) showed also that this 

effect is due to the restrictions of the capacity of the modality-free central executive, and not 

due to the verbal nature of the primary task. They investigated the performance on the Corsi 

Block Tapping Task (Corsi, 1972), which assesses visuospatial short-term memory. They 

found that performance of high trait anxious participants deteriorated when a second task 

requiring cognitive control was added (counting backwards), indicating impaired processing 
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efficiency. In contrast, performance was unaffected by anxiety if the second task was a simple 

tapping task – indicating unimpaired processing effectiveness.  

2.4.2. Attentional control theory  

As the concept of the central executive developed (i.e. with the fractionation of 

executive control processes, see e.g. Baddeley, 1996; Miyake et al, 2000), the processing 

efficiency theory was also extended to incorporate novel developments. The attentional 

control theory (Eysenck & Derakshan, 2011; Eysenck, Derakhsan, Santos, & Calvo, 2007) 

was based on the differentiation between goal-directed (top-down) and stimulus-driven 

(bottom-up) attentional systems (Corbetta & Shulman, 2002; Posner & Petersen, 1990; see in 

Section 1.2.2):  the former is responsible for selecting stimuli based on goals and 

expectations, whereas the latter is recruited during the detection of behaviourally important 

but unattended stimuli. In individuals with high levels of anxiety, the balance between these 

two systems might be shifted toward stimulus-driven attention, because in potentially 

threatening situations, allocation of too many resources to the ongoing task would not be 

adaptive. This shift in the balance of the two systems results in the enhanced processing of 

distracting task-irrelevant stimuli and thus impairs cognitive control processes by reducing 

attentional focus, because “anxious individuals preferentially allocate attentional resources to 

threat-related stimuli whether internal (e.g., worrisome thoughts) or external (e.g., threatening 

task-irrelevant distractors)” (Eysenck et al., 2007, p. 18). Thus, the theory also provides an 

explanation for the preferential processing of threatening information (i.e. for the attentional 

bias). Important aspect of the theory, that it predicts that trait anxiety differently affects 

different types of cognitive control identified by Miyake et al (2000): whereas processing 

efficiency is predicted to be impaired for the inhibition and the shifting function, for the 

updating function, impairments are only predicted under stressful conditions (Eysenck et al., 

2007). 

Evidence for the attentional control theory is accumulating (see Derakhsan, Smyth, & 

Eysenck, 2009; Eysenck & Derakshan, 2011). Derakhsan, Ansari, Hansard, Shoker, and 

Eysenck (2009), for example, found unimpaired error rates, but longer response latency for 

high trait anxious participants in an antisaccade task, measuring the inhibition of reflexive 

saccades toward a target. This pattern of results indicates again that performance effectiveness 

of the inhibition function was unaffected, whereas performance efficiency is damaged. 

Importantly, the difference of the latency between low and high anxious participants was 
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larger when the targets were threatening. This again supports attentional control theory, which 

suggests that the predominance of the stimulus-driven attentional system and thus the 

impairment of attentional control is more pronounced in the case of threatening cues.  

2.4.3. The behavioural inhibition system and controlled processing 

An interesting new development of the Reinforcement Sensitivity Theory suggests that 

the BIS is involved in controlled, reflective, conscious processing which are involved in 

taking over behavioural control if automatic processes  are not sufficient. According to Gray 

(2004), consciousness is evolved as a mechanism which antedates automatic processing 

related to sensory and motor programs stored in the brain, and is used to modify these 

processes in the case of conflicting or incorrect automatic processes. According to the model 

proposed by Corr (2010, 2011), behaviour is controlled by automatic processes until a 

mismatch between the actual and predicted state of the word is detected by the BIS. After 

such error signals, the salient features of the situation are selected, and are represented in a 

perceptual-based representation displayed in a medium that is experienced as consciousness. 

The conscious analysis of the situation might result in generating new solutions for the 

situation, and also in the modification of automatic behaviour. As Corr (2010) notes, this 

model resembles the theory of Baars (1988, 1997), which suggests that consciousness is a 

mental workspace where error-prone information is subjected to further processing. 

Importantly, similar to the parallels between the mental workspace and the central executive 

(Baddeley, 2012), Corr (2010, 2011) links BIS to controlled processing. As Corr (2010, p 

377) puts it forward, “the BIS forms the basis of an explanation of how automatically 

processed information (i.e. pre-potent behaviour) gets extracted and subjected to higher-level 

cognitive analysis by controlled processes.”   

3. Worry, a cognitive aspect of anxiety 

3.1. The concept of worry 

As already noted, the concept of worry has played an important role in describing the 

effects of anxiety on cognitive performance (e.g. Liebert & Morris, 1967), and has been 

considered for a long time synonymous with the cognitive component of anxiety (Holaway, 

Rodebaugh, & Heimberg, 2006). In the last three decades, however, the two concepts became 

related, but separate constructs (see e.g. Davey, Hampton, Farrell, & Davidson, 1992). 
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Whereas anxiety has been conceptualized as a global construct, encompassing behavioural, 

cognitive and affective aspects, worry has been more narrowly conceptualized, as being a 

cognitive phenomenon linked to concern about future events (Zebb & Beck, 1998). The 

distinct treatment of worry was also strengthened by its gradual association with one 

debilitating psychiatric condition, generalized anxiety disorder (GAD, APA, 2001). Being a 

residual category in the third version of the DSM (DSM-III, APA, 1980), GAD became much 

better defined in the fourth version of the DSM (DSM-IV, APA, 2001), where chronic, 

excessive and uncontrollable worrying became a core diagnostic feature of the disorder. 

Moreover, it was suggested that the condition might be renamed as “generalized worry 

disorder” in the upcoming fifth version of the DSM, to reflect its hallmark feature (Andrews 

et al, 2010). This suggestion notwithstanding, the diagnostic criteria of GAD in DSM-V 

remained largely unchanged (as compared to DSM-IV).  

Besides the links with GAD, worrying is also suggested to relate to other mood and 

anxiety disorders (Purdon & Harrington, 2006) and is associated with an abnormal 

physiological activation pattern (Thayer, Friedman, & Borkovec, 1996) which might 

contribute to the development of various somatic complaints and diseases (Brosschot, Gerin, 

& Thayer, 2006). 

The concept of worrying is not separable from the work of Tom D. Borkovec, who 

started the systematic investigation of the phenomenon.  According to well-known definition 

provided by him and colleagues, worrying refers to “a chain of thoughts and images, 

negatively affect-laden and relatively uncontrollable” (Borkovec, Robinson, Pruzinsky, & 

DePree, 1983). In later definitions, the verbal predominance of worrying was also 

emphasized. Borkovec, Ray, and Stöber, (1998), for example, noted, that worry involves a 

predominance of negatively valenced verbal thought activity: “When we worry, we are 

talking to ourselves a lot about negative things, most often about negative events that we are 

afraid might happen in the future” (Borkovec et al, 1998, p 562).  

Many investigators emphasize the problem-solving aspect of worry, which even can 

be considered as constructive or adaptive, when not reaching a pathological level (e.g. Davey, 

1992; Watkins, 2008). This raises the question, what differentiates pathological worrying seen 

in GAD from normal, non-pathological worrying, which is frequently encountered by a high 

percent of the normal population (Tallis, Davey, & Capuzo, 1994).  Studies comparing 

individuals with and without the diagnosis of GAD (e.g. Craske, Rapee, Jackel, & Barlow, 

1989; Roemer, Molina, & Borkovec, 1997) reported that individuals with GAD experienced 
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their worries more pervasive and uncontrollable, report more worry topics involving more 

miscellaneous topics (e.g. cat trouble, being late). Interestingly, however, in a study by Ruscio 

(2002), only 20% of the individuals, who reported extreme levels of pathological worrying, 

met also diagnostic criteria for GAD, which suggest that additional factors beside excessive 

worrying is required for the development of GAD. Finally, in a taxometric study, Ruscio, 

Borkovec and Ruscio (2001) found that there is no discontinuity between nonpathological and 

pathological worrying, and they represent the opposite ends of a continuum and are not 

separable, discrete constructs. All these results point to the conclusion that GAD is not 

determined solely by quantitative, but also by qualitative aspects of the worry processes. 

Several such qualitative aspects are proposed in current models of worrying and GAD, to 

which we turn in the next section.  

3.2. Theories of pathological worrying and GAD 

3.2.1. The cognitive avoidance theory of worry 

The cognitive avoidance theory was developed by Tom D. Borkovec and colleagues 

(Borkovec, Ray, & Stöber, 1998; Sibrava & Borkovec, 2006). It was the first systematic 

theory regarding the development and maintenance of excessive and perseverative worrying, 

as seen in GAD. Its central tenet, which is also present in other theories of worry, is the role 

of worrying in cognitive avoidance of disturbing feelings. This claim is based mainly on the 

observation that worry consists predominantly of verbal-linguistic thoughts, whereas mental 

imagery is relatively absent (Borkovec & Inz, 1990; Freeston, Dugas, & Ladoceur, 1996). 

According to the theory, worrying can be negatively reinforced as an avoidance response: 

verbal processing elicits less somatic arousal and milder cardiovascular response than mental 

imagery (Vrana, Cuthbart, & Lang, 1986), therefore GAD-patients and high worriers employ 

worrying to avoid the arousal provoking mental imagery. It was suggested, that the reduced 

concreteness of processing is a key factor in the avoidant functions of worry (Stöber, 1998; 

Stöber & Borkovec, 2002). Thus, the abstract processing style provides short-term benefits, 

but on the long run leads to adverse outcomes: the avoidance of emotional information 

prevents the extinction of fear response via habituation and so contributes to the maintenance 

and spreading of anxious meaning (Foa & Kozak, 1986). Beside this short-term avoidant 

functions, worrying is postulated to have avoidant functions on the long-term, too: individuals 

with GAD, for example, have more positive beliefs about the usefulness of worry, as a coping 

strategy (e.g. Roemer, Molina, & Borkovec, 1997).  
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The central tenet of the theory, which suggests that worrying is used to avoid 

disturbing affect, was further developed by other investigators. Roemer, Salters, Raffa, and 

Orsillo (2005), for example, linked GAD to experimental avoidance (Hayes, Wilson, Gifford, 

Follett, & Strosah, 1996), the tendency to avoid internal sensations, feeling or thoughts. 

Others indicated that worry is a dysfunctional emotion-regulation strategy, which is used by 

GAD patients to avoid their negative emotional experience (Mennin, Heimberg, Turk, & 

Fresco, 2002).  

3.2.2. “Worry about worry” – the metacognitive model of GAD 

 This model, proposed by Adrian Wells (1995), is based on a differentiation between 

different beliefs about worrying: whereas the majority of people think that worrying is a 

useful coping strategy and quite harmless, some individuals believe that it is a harmful, 

uncontrollable state, and a sign of mental-breakdown. The model also differentiates between 

two types of worry: Type 1 worry is about external events and internal non-cognitive events, 

whereas Type 2 worry, or meta-worry relates to negative appraisal of worrying as harmful, 

uncontrollable state, and as a sign of mental-breakdown (Wells & Carter, 1999). Type 1 worry 

is provoked by intrusive thoughts about possible future dangers (“What if” questions), 

activating positive metacognitive beliefs about worrying (“If I worry I’ll be able to cope”), 

and the problem-solving activity begins. Worrying is terminated if the individual “feels” that 

all eventualities have been considered, and he/she will be able to cope. Although such Type 1 

worry is not considered benign, as it might prevent emotional processing (see also previous 

sections on cognitive avoidance), pathological worrying suggested to be related to Type 2 

worry. The negative appraisals related to Type 2 worry about the uncontrollability and 

harmfulness of worrying increase anxiety and tension and they undermine the feeling of the 

individual that he will be able to cope. Thus, ironically, the erroneous belief that worry is 

uncontrollable makes it difficult to interrupt the worry process. Additionally, the model 

proposes two factors, which contribute to the maintenance of this vicious cycle: first, 

individuals try to avoid situations triggering such worry sequences, which restricts the range 

of opportunities to get evidence that worrying is not uncontrollable and dangerous. Second, 

individuals try to engage in thought control strategies (try not to worry). Such thought 

suppression, however, is not effective (see e.g. Wenzlaff &Wegner, 2000), thus the belief 

about the uncontrollability of worry is reinforced.  
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3.2.3. Intolerance of uncertainty 

According to the Intolerance of Uncertainity (IU) model of worrying, the way 

individuals assess and tolerate uncertain outcomes of events is crucial in the development of 

pathological worrying. IU refers to the “tendency to react negatively (…) to uncertain 

situations and events (Dugas, Buhr, &Ladoucer, 2004). In several studies a specific 

relationship between IU, worry and GAD was observed (Dugas, Gosselin, & Ladoucer, 2001; 

Dugas, Marchand & Ladouceur, 2005; Dugas, Schwartz, & Francis, 2004). As uncertainty is 

inherent in life, individuals with high levels of IU find it hard to manage most everyday 

situations, and respond with excessive worrying, to decrease the feeling of uncertainty. The 

model proposes also three indirect links between IU and worry: The first refers to positive 

beliefs held about worry, which is characteristic of individuals with high levels of worry 

(“worry helps to solve problems”). The second relates to negative problem orientation 

associated with both IU (Ladoucer et al., 1999; Tallis & Eysenck, 1994). This refers to a 

pessimistic approach regarding the chances of solving the problems in everyday, and can be 

interpreted as the avoidance of uncertainty inherent in all problems (Koerner & Dugas, 2006). 

The third indirect link is related to cognitive avoidance (see Section 3.2.1)   

3.2.4. Mood as input account 

The mood-as-input hypothesis focuses on the perseverative nature of pathological 

worrying. It is based on theories which conceptualize mood as a feedback to ongoing 

behaviour (George & Zhou, 2002; Martin & Davis, 1998). One’s mood is interpreted as a 

consequence of goal-fulfilment, with positive moods indicating goal-fulfilment, whereas 

negative moods signalling that the goal has not been attained yet. The mood-as-input view 

interprets perseverative worrying as an attempt to solve problems. Furthermore, it holds that 

high worriers and GAD-patients are in a significantly more negative mood, than non-worriers, 

and they interpret this negative mood as a signal for the incompleteness of their problem 

solving activity. As Davey (2006, p 221) puts it, „when catastrophising, worriers are 

continually asking themselves (either implicitly or explicitly) whether they have successfully 

dealt with the problem, but their negative mood provides them with information that they 

have not and this results in perseveration at the task”.  
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3.3. Worrying and cognitive control  

As noted already in Section 2.4.1, the literature on test anxiety suggested that the 

“worry component”, that is worrisome thoughts focusing on evaluation and failure, are 

responsible for the poor performance associated with test anxiety. The adverse effect of 

worrisome thinking on cognitive control processes was also observed outside the test anxiety 

literature. Hayes, Hirsch, and Mathews (2008) and Leigh and Hirsch (2011), for example, 

found that worrying about a topic significantly decreased random generation performance, 

associated with attentional control. Contrary to these results, Walkenhorst and Crowe (2009) 

did not find any effects of state worry on performance on tasks associated with different 

components of Baddeley’s multi-component working memory model. An opposite direction 

of causation was suggested by Rapee (1993), who found that a task engaging both the central 

executive and the phonological loop decreased the frequency of worrisome thinking. Thus, 

these results suggest that the worry process fuels the very same processing resources that are 

used to maintain task-relevant processing. Furthermore, Eysenck and Calvo (1992) and 

Eysenck et al. (2007) suggest that besides preempting the capacity of the working memory 

system, worry has also a motivational function to minimize the aversive effects of this 

anxious state. Thus, the adverse effects of worry can be compensated for by using extra 

processing resources (i.e. thus processing effectiveness will be preserved, and only processing 

efficiency will be impaired, see Section 2.4.1).  

These results and theories about the adverse effects of worrying on cognitive control 

concern the “state-like” effects of worry – that is they investigate and explain changes in 

performance caused by worrying during the task. In the followings, I will overview a number 

of empirical results and theoretical suggestions, which, independently of each other, point to a 

somewhat different association between worrying and cognitive control processes: they are 

about how cognitive control might underlie the worry process.  

First, there is an association of anxiety with human intellect, which is suggested over 

and over by various theoreticians. Howard Liddel noted, for example, as early as in 1949, that 

“anxiety accompanies intellectual activity as its shadow and that the more we know of the 

nature of anxiety, the more we will know of intellect” (Liddel, 1949, p. 185). The link 

between higher order cognition, planning, and anxiety is also suggested by Luu, Tucker, and 

Derryberry (1998), when stating that “appropriate levels of anxiety reflect the highest level of 

normal motivational control of working memory, through which the operations of memory in 
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planning and behavioural sequencing are continually linked with adaptive significance”. The 

definition of worry, defined as a future-oriented, abstract verbal processing, aimed to explore 

potential future threats, lies very close to this planning function of anxiety. Barlow (2002, p 

100.) suggested that the “process most closely associated with this planning function is 

worry”.  

Beside prospection and planning, worry is also associated with another high-level 

cognitive process, problem solving. Borkovec et al. (1983, p. 10) defined worry as a “mental 

problem-solving activity designed to prevent the occurrence of traumatic future events”. 

Similarly, Brosshot, Gerin, and Thayer (2006) assessed worry as a perseverative cognitive 

activity, which leads to a prolonged physiological stress response. In accordance with this, 

Verkuil, Brosschot, Borkovec, and Thayer (2009) showed that the cardiac effects of worrying 

about a topic are not different from cardiac effects induced by mere cognitive problem solving 

(reasoning about moral problems). Further support for the association between worrying, 

planning and problem-solving comes also from  Mueller, Nguyen, Ray, and Borkovec (2010), 

who showed that worrying is related to future oriented decision-making, and Perkins and Corr 

(2005), who showed that worrying is associated with good job performance (at least for 

individuals with high cognitive ability). 

Second, several links have been drawn between anxiety, worry and the prefrontal 

cortex, too. Some early investigators have already noted that frontal lobe lesions result in a 

lack of concern and anxiety, accompanied by the impairment of planning ability (Blumer & 

Benson, 1975; Rylander, 1947). The involvement of the frontal lobes specifically in worrying 

and GAD is supported by neuroscience studies linking both worry and GAD to overactive 

regions or increased brain tissue of the prefrontal cortex (Hoehn-Saric, Lee,  McLeod, 

&Wong, 2005; Matthew et al., 2004; Mohlman et al., 2009). Furthermore, different aspects of 

anxiety have been linked to different areas of the prefrontal cortex: anxious apprehension, 

characterized by worry and verbal rumination, was associated with left-frontal asymmetry, 

whereas anxious arousal, characterized by somatic tension and physiological hyperarousal, 

was related to right-frontal asymmetry (Engels et al, 2007; Heller, Nitschke, Etienne, & 

Miller, 1997; Hoffmann et al, 2005). A left-lateralized frontal activity was also observed in 

GAD-patients (Wu et al, 1991). These results suggest that worrying is related to left frontal 

activity, as worrying is a verbal activity and left-frontal cortex is thought to mediate 

processing related to verbal information (see e.g. Vigneau et al., 2006). Regarding the more 
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precise localization, the study of Engels et al. (2007) suggest that the activity of the 

ventrolateral prefrontal cortex is responsible for this activation.  

This left frontal activation is consistent with another recent theoretical development 

linking worrying, controlled, effortful processing and the prefrontal cortex. Dash, Meeten, and 

Davey (2013) proposed systematic information processing as a proximal mechanism for 

worrying. Based on the work of Chaiken Liebernman, and Eagly (1989), they make a 

distinction between heuristic and analytic processing. The former refers to decision making 

and information processing relying on heuristics, simple rule-of-thumbs or peripheral cues, 

whereas the latter refers to intensive, effortful elaboration of information generating a lot of 

issue-relevant thought. The model shares many characteristics with the dual-process models 

reviewed in Section 1.2.1, and is also explicitly mentioned in reviews on System 1- System 2 

theories (e.g. Evans, 2008). Dash et al. propose that both worrying and systematic processing 

can be considered as effortful, analytic and verbally-based thought, and pathological worrying 

can be defined by processes that “thwart” the effectiveness of systematic processing. 

Importantly, Dash et al. suggest that systematic processing, similar to worry, is related to left 

frontal lobe activation, and refers to work dissociating heuristic and analytic processes in 

memory retrieval (Leynes, 2002; Leynes &Phillips, 2008; Nolde, Johnson, & Raye, 1998). 

And third, cognitive control processes were also suggested to contribute to cognitive 

avoidance functions of worry, as seen in GAD. As summarized in the previous section, 

according to the cognitive avoidance theory of worry, the abstract nature of verbal-linguistic 

worries enables their users to avoid arousing mental imagery associated with threatening 

future events (see e.g., Sibrava & Borkovec, 2006). Price and Mohlmann (2007) have put 

forward an interesting hypothesis claiming that focusing on the abstract, verbal 

representations of the worrisome topic requires the selective processing of abstract, verbal 

representations and the inhibition of associated mental imagery. Therefore, the authors 

suggest that worry must be associated with effective executive functions, in particular with 

effective inhibitory control. This hypothesis was tested using the Stroop word-colour test 

(Stroop, 1935) and found positive relationship between inhibitory control and the level of 

worry in a sample of elderly GAD-patients but not by healthy elderly participants (Price & 

Mohlmann, 2007). Similar pattern was observed by Coplan et al. (2011), who found a positive 

correlation between the level of worrying and performance on the Raven test, a well-known 

task of abstract reasoning.  
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And a final, somewhat speculative link could be added. As described in Section 2.4.3, 

conscious, controlled processing and cognitive control was associated with the neural and 

functional system called BIS (Gray, & McNaughton, 2000; Corr, 2010, 2011). Moreover, the 

functioning of the BIS was often linked to worry, rumination and anxious apprehension.  

“The BIS entails the inhibition of prepotent, conflicting, behaviours (e.g., those related 

to the FFFS and BAS), the engagement of risk assessment processes, including the 

scanning of memory and the environment to help resolve concurrent goal-conflict. 

This is all experienced subjectively as worry, apprehension and the feeling that 

actions may lead to a bad outcome.” (Corr, 2010, p 890).  

Thus, high levels of worrying might signalize the oversensitivity of controlled 

processing, which might manifest in an overreliance on controlled, conscious processing (see 

e.g. Corr, 2003). 

4. The interplay of trait worry and trait anxiety in 

determining cognitive control- a hypothesis  

Based on the review in the previous sections, in the followings I will outline the main 

hypothesis of this dissertation. Briefly, it is predicted that individual differences in cognitive 

control are associated with individual differences in worrying, with better cognitive control 

associated with higher levels of worrying (see Section 4.1). It is also claimed that this 

association is hard to observe, as the adverse effects of anxiety on performance overshadow it. 

This yields a situation, which is called suppressor situation in the literature dealing with 

multiple linear regression (see Section 4.2). Methods used to test this hypothesis are described 

in Section 4.3.  

4.1. The link between individual differences in worry and cognitive 

control  

Many of the theories dealing with the development of pathological worrying put 

forward a similar claim: individuals are motivated to engage in worrying, because it is 

considered as a problem-solving activity related to future events with high personal relevance 

(e.g. metacognitive theory, Wells, 1995; the mood-as-input account, Davey, 2006), or it 

serves as an emotion-regulation strategy effectively decreasing unpleasant, disturbing feelings 

(cognitive avoidance theory, Borkovec et al, 1998; experimental avoidance view, Hayes et al., 
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1996). Thus the start of the worry process is motivated by its short-term advantages associated 

with problem-solving and emotion-regulation. Pathological worrying develops then, if the 

individual is unable to stop the worry process (i.e.  “thwarted problem solving”) or when it is 

negatively reinforced by the successful avoidance of disturbing emotions.  

Furthermore, in Section 3.3, several lines of argumentation were summarized, which 

might support the claim that some form of controlled processing or cognitive control might 

underlie the worry process. From this follows that individuals, who effectively recruit 

cognitive control processes, might find it easier to engage in worrisome thinking. This, in 

turn, indicates that individuals with good cognitive control might experience the short-term 

advantages of worrying with higher possibility. If this were so, then individual differences in 

cognitive control should be related to the tendency to worry.  

This link between cognitive control and the tendency of worrying has an important 

implication: it implies that individuals with a tendency to worry, that is individuals 

characterized by high levels of trait worry, should perform well in tasks requiring cognitive 

control. To reconcile this claim with the observations regarding the detrimental effects 

attributed to worrying (e.g. cognitive interference), one has to consider the causal relations 

behind the above claims. The adverse effects of worry are “state-like” effects. Individuals 

with high levels of trait anxiety have worrisome thoughts more frequently and this consumes 

the limited resources of the central executive (Eysenck & Calvo, 1992) and distracts their 

attention from ongoing task (Eysenck et al., 2007). Note, that the very fact, that cognitive 

control processes underlie worrying, might be the cause for this interference, as worrying 

consumes the same resources than the task by which cognitive control is measured. Thus, the 

assertion that worrisome thoughts impair cognitive processing does not rule out the claim that 

the general tendency to employ worrying as a stable avoidant response requires cognitive 

control.  It does indicate, however, that the link between cognitive control and trait worry 

might be difficult to demonstrate in a laboratory setting, as the two tendencies might weaken 

each other (see next section).  

To sum up, it is predicted that some form of cognitive control process is a prerequisite 

or underlying factor of worrying. From this follows that the tendency of worrying will be 

associated with good performance in tasks requiring cognitive control. It is important to 

differentiate between this predicted association and the adverse, acute effects of worrisome 

thinking on cognition. To avoid confusion, the term trait worry will be used henceforth to 
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emphasize that the link under investigation is that between cognitive control and the stable 

tendency of the individual to engage in worrying.  

4.2. The links between trait anxiety, trait worry and cognitive control 

– a suppressor situation 

Based on the above, we can identify two contrasting tendencies concerning the 

relationship between anxiety and cognitive control: On the one hand, the general concepts of 

trait anxiety and state anxiety are associated with preferential processing of worrisome 

thoughts or threatening stimuli and thus impair cognitive control (Eysenck & Calvo, 1992; 

Eysenck et al., 2007). According to the attentional control theory (Eysenck et al, 2007), this 

impairment is due to the predominance of stimulus-driven attention, which prevents to focus 

on goal-relevant processing required for complex mental tasks and cognitive control. On the 

other hand, a specific form of anxiety, worry, might be associated with good cognitive control 

abilities, which enable high worriers to engage in planning (Barlow, 2002), preservative 

mental problem-solving (Borkovec et al., 1983; Brosshot et al., 2006), systematic processing 

(Dash et al., 2013) and cognitive avoidance of threatening information (Price & Mohlmann, 

2007 Sibrava & Borkovec, 2006). Furthermore, the behavioural inhibition system, originally 

proposed by Gray (1982), has been suggested to underlie both controlled processing and 

worrying (Corr, 2010, 2011). Thus, the tendency of worrying might be associated with 

effective recruitment of cognitive control processes (see previous section).  

Importantly, the constructs of trait anxiety and trait worry overlap, both theoretically 

and empirically, as evidenced by their high correlation in empirical studies (Startup & 

Erickson, 2006). Thus, paradoxically, the two related constructs might be oppositely linked to 

cognitive control, and thus they might cancel out or weaken each other's effect. This 

phenomenon is called suppression (Cohen, Cohen, West, & Aiken, 2003; Conger, 1974; 

Horst, 1941), or a suppression/suppressor situation (Paulhus, Robins, Trzesniewski, & Tracy, 

2004;Tzelgov & Henik, 1991). It can be demonstrated in regression models with more than 

one predictor in all cases where “the relationship between the independent or causal variables 

is hiding or suppressing their relationship with Y [the criterion variable], which would be 

larger or possibly of opposite sign were they not correlated” (Cohen et al., 2003, p. 78).  

This, somewhat paradoxical pattern was first described by Horst (1941, 1966), who 

reported that even a predictor variable unrelated to the criterion can improve prediction in a 

regression model (boost the value of R2), by suppressing criterion-irrelevant variance. This is 
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caused by the fact that in multiple linear regression analyses partial effects are calculated with 

the common variance of the predictors removed. Horst (1966) provided an example of a 

suppressor situation from a study on pilot selection in World War II. In this study, successful 

training was predicted by spatial, but not by verbal ability. Furthermore, entering verbal 

ability as a predictor into the regression model improved the predictive power of spatial 

ability. This suppressor effect was caused by the fact that performance on the spatial ability 

task was also determined by the compliance with the written instructions of the task, which of 

course, was not related to spatial ability. When entered into the regression model, verbal 

ability accounted for this criterion-irrelevant variance in the scores of the spatial ability task, 

and thus improved its predictive power. 

Another example was provided by McFatter (1979), also depicted in Figure 1: 

assembly-line workers, who are more intelligent tend to produce more widgets (Figure 1A, 

line 1.), however they become more bored during work (Figure 1A, line 2.), and this worsens 

their performance (Figure 1A, line 3.) – thus, at the surface level, no relation between 

intelligence and widget production will be observed (Figure 1B). After controlling their 

shared variance, however, the positive association between intelligence and production might 

emerge (Figure 1C). 

 

 

Figure 1: Suppressor situation involving intelligence, boredom and production 

 

 This second example parallels also with the suggested interplay of trait anxiety and 

trait worry in tasks requiring cognitive control (see Figure 2). If some sort of control process 

underlies the worry process (as suggested in Section 3.3), then individuals with high levels of 

worry might be able to effectively recruit these control processes in task requiring cognitive 

control, thus might perform well in such tasks(Figure 2A, line 1). On the other hand, high 

levels of worrying appear in anxious states (Figure 2A, line 2), which is associated with 

cognitive interference, “weakness” of  goal-driven attention, and the occupation of working 
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memory capacity. This deteriorates performance (Figure 2A, line 3.). Thus, at the surface 

level, no relationship between trait worry and performance will be shown (Figure 2B). After 

controlling their shared variance, however, the positive association between cognitive control 

and trait worry might emerge (Figure 2C).   

 

 

Figure 2: Suppressor situation involving trait anxiety, trait worry and cognitive control 

 

There is some evidence for a suppressor situations in analyses of the effect of trait 

worry and trait anxiety on cognitive performance in previous studies: after partialling out the 

effect of trait anxiety, trait worry was linked to better academic performance of 1st year law 

students (Siddique, LaSalle-Ricci, Glass, Arnkoff, & Díaz, 2006). Moreover, Davey, 

Hampton, Farrell, and Davidson (1992) showed that trait worry and trait anxiety possesses 

independent sources of unique variance: when the other construct was held constant, worry 

was associated with problem focused coping strategies, whereas trait anxiety was related to 

maladaptive coping characteristics. These results notwithstanding, to the best of our 

knowledge, no study has yet investigated systematically how the two opposing tendencies 

relating cognitive control to trait anxiety and trait worry interact to yield a suppressor 

situation. Thus, the aim of the work summarized in this dissertation was to find further 

evidence for the link between trait worry and cognitive control and to investigate the 

suppressor situation involving the three constructs.   

4.3. Methods 

In order to detect a suppressor situation, in contrast to the factorial manipulations often 

used in studies on the link between anxiety and cognitive control (e.g. creating high vs. low 

anxiety groups), scores of trait anxiety and trait worry were treated as continuous variables, 
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and were input into multiple linear regression models to investigate their independent effects 

on cognitive control by partialling out their shared variance. Based on the findings suggesting 

a dimensional rather than a categorical nature of worrying, Ruscio et al. (2001) also 

emphasized the advantages of treating worry as continuous variable:  

“The dimensional results uncovered herein indicate that worry will be most validly 

assessed by measures that yield continuous worry scores, such the PSWQ. Attempts to 

form groups of normal and pathological worriers (...) would not only be theoretically 

inaccurate but would also likely result in a significant loss of statistical power” 

(Ruscio et al, 2001, p 419) 

Because of this dimensionality of the worry construct, the work summarized in this 

dissertation utilized samples drawn from healthy undergraduate population, rather than 

samples of GAD-patients. This eliminates many confounding factors associated with GAD, 

including effects of medication and the role of factors suggested to be involved in the 

maintenance and exaggeration of the worry process (e.g. role of negative mood, Type 2 

worry, see Section 3.2).   

Some of the scales which measure the tendency to worry focus on the degree of 

worrying. The Penn State Worry Questionnaire (Meyer, Miller, Metzger, & Borkovec, 1990), 

for example, emphasises the excessiveness and generality of the worry process (e.g. item 3: “I 

don’t tend to worry about things”; item 4: „Many situations make me worry”; item 15: “I 

worry all the time”). Other questionnaires focus more on the content of the worrisome 

thoughts. The items of the Worry Domains Questionnaire (Tallis, Davex, & Bond, 1994), for 

example assess the frequency of worrying about specific topics (e.g. item 19: “I worry that I 

am unattractive”; item 1: “I worry that my money will run out”).  

The WDQ is often associated with the benign, adaptive, nonpathological aspects of 

worrying (see e.g. Davey, 1993), whereas the PSWQ is suggested to be a measure of 

pathological worrying. Despite this, the PSWQ was used in this work, because as a content-

free measure of worry, the PSWQ was considered to be more able to capture the tendency to 

engage in worrying – the specific aspect of worrying which was predicted to be associated 

with cognitive control processes. The adaptation and validation of the Hungarian version of 

the scale is part of this dissertation (see Thesis 1). 
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Trait anxiety was measured by the Trait version of the Spielberger State Trait Anxiety 

Inventory (STAI-T, Spielberger, Gorsuch, & Lushene, 1970, Hungarian Version: Sipos, & 

Sipos, 1983). This scale is designed to assess the tendency to judge certain situations as 

threatening and to experience the physiological and psychological signs of anxiety. The 

inventory consists of 20 items, and response to each item is given on a four point scale (1: not 

at all typical 4: very typical, range of total score: 20-80). 

In most of the studies reported, our hypothesis was investigated using hierarchical 

regression analysis. The criterion variable was in all cases the performance-measure of the 

cognitive control concept under investigation. In Step 1a and 1b, the criterion variable was 

regressed separately on STAI-T and PSWQ.  In Step 2, STAI-T and PSWQ were entered 

together into the regression model. Because multiple regression analysis concerns the partial 

effects of the predictor variables, entering STAI-T and PSWQ together enabled to investigate 

their independent effect with shared variance partialled out. Partial regression plots for all 

multiple regression analyses are provided in Appendix A.  

Several lines of research indicate that the relationship between different indices of 

stress and cognition is not linear but follows an inverted U-shape (e.g. Yerkes & Dodson, 

1908). An important assumption of multiple linear regression is the linear relationship 

between the predictor(s) and the criterion. Fitting a linear model to a nonlinear relationship 

results in a biased estimation of model-parameters. For testing the linearity of the relationship, 

Cohen et al. (2003) recommend to plot the residual scores against both the predictors and the 

predicted values. If the relationship between the predictor and the criterion is linear then the 

residuals should be unrelated to the predictor and no systematic trend or curvature should be 

present.  

Because the main aim of the dissertation was to reveal a linear relationship between 

trait worry and cognitive control, such plots are provided for all models where a significant 

linear relationship is established (indicated by significance tests of model fit and the 

standardized regression coefficients).  In the absence of significant linear relationship, the 

presence of a nonlinear relationship was not investigated (as this was not in the scope of our 

predictions). The predictor-residual plots for models with a significant linear relationship are 

presented in Appendix B. In all plots, we also depict the lowess fit line (acronym for locally 

weighted scatterplot smoother), which is a line computed to follow the trend in the data 

without assuming linear or other mathematical relationship (Cohen et al., 2003). In none of 
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the cases could we observe a marked and consistent curvature in the presented plots, thus we 

conclude that our models suggesting linear relationships between the variables are not 

misspecified.  

 Mackinnon, Krull, and Lockwood (2000) showed that testing a suppressor effect is 

mathematically equivalent to the testing of a mediator effect. Thus, to test the significance of 

the suppressor situation, the Sobel-test (Sobel, 1982) was used. This is a commonly used 

method for testing mediation, which entails the computation of the so-called Sobel’s z-value 

by multiplying the coefficients of the indirect paths (i.e., from predictor to mediator and from 

mediator to criterion) and then the testing of its difference from zero. The Sobel-test was 

carried out with testing both PSWQ and STAI-T as mediator/suppressor variables.  

In regression models with highly correlated independent variables, a phenomenon 

called multicollinearity might occur. This refers to a constellation of correlated predictors, 

which can lead to large and unexpected swings in the estimated regression coefficients 

(Tzelgov & Henik, 1991). Because PSWQ and STAI-T are correlated, high multicollinearity 

could be an issue in the reported regression models. Thus we also report the Variance 

Inflation Factors (VIF) for the predictors of all regression models, in all studies.  VIF indexes 

the degree of multicollinearity and, according to commonly used rules of thumb, values above 

10 are taken to be problematic (Cohen et al., 2003).  

In some of the studies, for some of the analyses, the dependent measure was not 

feasible for multiple regression analysis, primarily because of two reasons. First case involves 

tasks, in which the assessment of performance on a task is only possible by investigating the 

within-subject differences of multiple variables. Second condition when linear regression is 

not appropriate is when the criterion variable has highly skewed distribution. The distributions 

of erroneous responses in many cognitive tasks, for example, can be characterized by many 

participants with only a few mistakes and a few outliers with high values. In both of the above 

cases, the interplay of trait worry and trait anxiety was examined by comparing the means of 

two groups built based on the relative scores of the STAI-T and the PSWQ, respectively. The 

first group contained participants who have high PSWQ total score relative to their STAI-T 

score. In contrast, the second group contained participants, who have low PSWQ total score 

relative to their STAI-T score. These two groups lie at the two extremes on a hypothetical 

dimension which represents whether an individual is more likely to engage in frequent 

worrying or to experience other symptoms of anxiety. Thus, comparison of these groups is 
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similar (but not equivalent) to the investigation of the partial effects of trait worry and trait 

anxiety in a multiple linear regression (for explanation and exact methodology see Thesis 1, 

Section 1.5).  

5. Aims and thesis points 

The main aim of this dissertation was to test the hypotheses delineated in Section 4 

about the interplay between trait worry and trait anxiety in determining performance in tasks 

requiring cognitive control. As reviewed in Section 1, cognitive control is a multifaceted 

construct, with many different conceptualizations, with overlapping but not identical 

concepts. As the possible links between worrying and cognitive control are somewhat diverse 

and do not constitute a coherent framework, a further aim of the dissertation was to 

investigate which aspect of cognitive control might be involved in the suggested interplay. As 

a prerequisite of this work, we also aimed to construct a valid Hungarian instrument of worry.  

Two main hypotheses were tested in the majority of the studies (these were 

complemented by specific further hypotheses in some of the studies): According to 

Hypothesis 1, trait worry, as measured by the PSWQ, is associated with good performance in 

tasks requiring cognitive control. According to Hypothesis 2, trait anxiety, as measured by 

the STAI-T, modifies the link between trait worry and cognitive control.  Specifically, it is 

predicted that there is a positive link between trait worry and cognitive control and a negative 

link between trait anxiety and cognitive control. This yields a suppressor situation with the 

two opposing effects weakening or even cancelling out each other’s effect (in this latter case, 

off course, Hypothesis 1 is necessarily wrong).  

In Thesis 1, the Hungarian version of the PSWQ was constructed, examining its reliability, 

validity and factor structure. Two studies were conducted: Study 1 investigated reliability and 

factor structure, whereas Study 2 the validity of the scale. Furthermore, the relations between 

this inventory and the STAI-T were investigated by pooling the samples of Study 1 and 2 

together. 

The results of Study 1-2 indicate that the Hungarian version of the PSWQ is a 

reliable and valid measure of excessive, frequent worrying. Furthermore, the  

latent structure of the Hungarian PSWQ consist of one general trait factor 

measuring pathological worrying and two method factors related to the wording 

of the items.  
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Publication related to this thesis point: 

Pajkossy, P., Simor, P., Szendi, I., Racsmány, M. (in press). Hungarian Validation of 

the Penn State Worry Questionnaire (PSWQ) - Comparing Latent Models with One or 

Two Method Factors Using Both Paper-pencil and Online Versions of the PSWQ. 

European Journal of Psychological Assessment.  

In Thesis 2, the relationship between trait worry, trait anxiety and future-oriented decision 

making was investigated using the Iowa Gambling Task (Bechara, A.R. Damasio, H. 

Damasio, & Anderson, 1994). This task was developed to test the somatic marker theory of 

Antonio Damasio (1994), and involves decision making based on the weighting of short-term 

and long-term rewards and losses. Both automatic and controlled processes are suggested to 

be involved in the task (Bechara, H. Damasio, Tranel, & A.R. Damasio, 1997). Better IGT 

performance associated with trait worry was observed by Mueller et al. (2010), but not by 

Drost et al. (2014), thus Study 3 aimed to add further empirical data to investigate this issue. 

Moreover, we also aimed to investigate the interplay of trait worry and trait anxiety in 

determining IGT performance – this issue has not been investigated yet.  

The results of Study 3 indicate that participants with high levels of trait worry 

perform better in the IGT, than participants with low levels of worrying. The 

good decision-making performance associated with trait worry was characteristic 

in the second phase of the task, when cognitive control processes are presumably 

required for good decision-making performance. This suggests that the beneficial 

effects of worrying on the IGT might be mediated by controlled processing and 

cognitive control. The positive effect of trait worry was not overshadowed by the 

opposite effects of trait anxiety, thus we did not observe a suppressor situation. 

Publication related to this thesis point: 

Pajkossy, P., Dezső, L., Zoltay Paprika, Z. (2011). The opposite effect of trait and 

state anxiety on the Iowa Gambling Task. Learning & Perception 1, 279-295. 

In Thesis 3, we summarize work which investigated whether trait worry and trait anxiety 

affects performance in “classic tasks” of cognitive control. In Study 4, a simple and a complex 

span task were performed by the participants. Specifically, we investigated the interplay of 

trait worry and trait anxiety regarding performance on the digit span task (Jacobs, 1887) and 

on the listening span task (Daneman & Blennerhassett, 1984). In Study 5, two further tasks 

were used: the verbal fluency task is an often used neuropsychological task, linked to frontal 
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lobe function (Costafreda, Lee, Everitt, Brammer, & David, 2006) and to operations of the 

central executive and the SAS (Baddeley, 1996). The second task was the n-back task, which 

is one of the most popular working memory task used in neuroimaging studies (Owen, 

McMillan, Laird, & Bullmore, 2005) and involves the continuous updating of information.   

The results of Study 4-5 indicate that there is no general link between trait worry 

and performance in “classic tasks” of cognitive control. A clear indication for a 

suppressor situation, however, was found in the verbal fluency task: after 

controlling their shared variance, trait worry was related to better, whereas trait 

anxiety was associated with worse verbal fluency performance. Moreover, the 

positive link between trait worry and verbal fluency was mediated by a 

component of semantic retrieval which is linked to frontal lobe function (flexible 

switching during the semantic retrieval process). Furthermore, once the effect of 

trait anxiety was held constant, higher levels of trait worry were associated with 

lower levels of intrusion errors in the listening span task. 

The work summarized in Thesis 4 has a somewhat narrower scope, as it focuses on cognitive 

control in one specific domain of cognition: episodic retrieval. The retrieval of past events and 

episodes can be relatively effortless and can occur in a relatively automatic fashion if 

appropriate retrieval cues are present. In other cases, however, it might require cognitive 

control, in particular when no retrieval cues are present (Brand & Markowitch, 2008). 

Moreover, encoding of the items might also require cognitive control. In Study 6-8, 

participants conducted episodic memory tasks, in which the way of retrieval was 

systematically varied to manipulate the cognitive control requirement of the task. The 

interplay of trait worry and trait anxiety was investigated by using retrieval tasks which do 

and which do not require cognitive control. In an additional analysis, the recall-pattern was 

further analysed to investigate, how the anxiety measures are associated with the dynamics of 

recall.  

The results of Study 6-8 indicate an interplay of trait worry and trait anxiety in 

determining performance in tasks requiring strategic retrieval. After controlling 

their shared variance, trait worry was positively, whereas trait anxiety was 

negatively related to performance in tasks, in which no cues where provided to 

aid the recall of previously encoded information. This effect, however, was absent 

if appropriate retrieval cues were provided. Follow up analyses of recall 



46 

dynamics indicated that this effect is mediated by a more effective context 

reinstatement process. 

Publications related to this thesis point: 

Pajkossy, P, Racsmány, M. (2014). Beneficial effect of trait worry on episodic 

retrieval: A link overshadowed by trait anxiety. Personality & Individual Differences 

60, Supplement, p S52. 

Pajkossy, P, Racsmány, M. (in prep). The interplay of trait worry and trait anxiety in 

determining controlled episodic retrieval: the role of context reinstatement. In 

preparation. 

Finally, in Thesis 5, we investigated the role of goal-attainment in strategic retrieval, and we 

tested whether the construct of goal-attainment could be related to the suppressor situation 

found in the three studies of Thesis 5, involving trait worry, trait anxiety and strategic 

retrieval. First, we conducted a series of four studies (Study 9-12) in which we tested, whether 

goal-attainment is a crucial factor in determining the inhibition of nonrelevant memory traces, 

as assessed by the directed forgetting procedure (e.g. R.A. Bjork, 1989). We tested, whether 

the directed forgetting effect is present by observing another learner who takes part in the 

experiment. As the effects of directed forgetting can only be examined in a between-subject 

fashion (i.e. examining the means of two groups), a new paradigm was constructed in which 

individual differences in the effect of goal-attainment could be investigated. In this new task, 

participants had to complete category-word stem pairs (e.g. fruit- ap _ _ _), and in half of the 

categories, this work was interrupted (i.e. no goal attainment). The effect of goal-attainment 

was assessed by recall of words from interrupted and completed categories (Study 13).  

The results of Study 9-12 indicate that goal-relevance is a crucial factor in the 

directed forgetting experiment. The directed forgetting effect only appeared for 

the observers, when the design included sharing the goals of the participant 

conducting the experiment. This indicates that the adaptive activation and 

suppression of episodic memory representations is a goal-directed process. In 

Study 13, we found further evidence, that goal-attainment is a crucial factor 

especially in strategic recall. In this paradigm, however, no suppressor effect 

involving trait worry and trait anxiety emerged.  
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Publication related to this thesis point: 

Racsmány, P., Keresztes, A., Pajkossy, P., Demeter, Gy. (2011). Mirroring Intentional 

Forgetting in a Shared-Goal Learning Situation. PLoS One. 7(1), e29992. 
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Chapter 2: Thesis points 

1. The Hungarian version of the Penn State Worry 

Questionnaire is a valid measure of excessive pathological 

worrying, and is related to trait anxiety (Thesis 1).2 

1.1. Theoretical background 

The aim of the work summarized in Thesis 1 was to construct a valid measure of 

pathological worrying, which can be used on a Hungarian student population. Worry and 

pathological worrying can be measured using several inventories: one of the most popular 

instrument is the Penn State Worry Questionnaire (PSWQ; Meyer, et al, 1990). It consists of 

16 items, focusing on the excessiveness and uncontrollability of the worry process. 

Participants are required to respond on 5-point Likert scales ranging from 1 (not at all typical) 

to 5 (very typical). Eleven items are positively worded with higher ratings reflecting more 

pronounced worrying (e.g. item 2: “My worries overwhelm me”). The other five items are 

negatively worded with higher ratings reflecting the absence of worry (e.g. item 10: “I never 

worry about anything”). In the following, we review psychometric work related to the scale, 

focusing on three issues: basic psychometric properties, factor structure and the equivalence 

of paper-pencil and online versions of the scale. The PSWQ possesses adequate internal 

consistency (Cronbach’s alpha = .80-.95), test-retest reliability (r = .74-.92) and construct 

validity, which is proved by strong correlations with measures of trait anxiety (r = .64-.79) 

and by somewhat weaker correlations with measures of depression (r = .36-.62). 

Regarding the factor structure of the PSWQ, early studies using exploratory factor 

analysis (EFA) indicated two factors with positively and negatively worded items loading on 

distinct factors. Because of this, some investigators (e.g. Beck, Stanley, & Zebb, 1995; Stöber, 

1995) retained a two-factor solution with two distinct but correlated factors, representing the 

positively and the negatively worded items, respectively. In contrast, due to the unitary 

theoretical construct of worry and the high internal consistency of the scale, others (e.g. 

                                                 
2 This thesis point is an edited and modified version of the paper entitled „Hungarian Validation of the Penn 

State Worry Questionnaire (PSWQ) - Comparing Latent Models with One or Two Method Factors Using Both 

Paper-pencil and Online Versions of the PSWQ” (Pajkossy, Simor, Szendi, Racsmány, in press) 
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Meyer et al., 1990; van Rijsoort, Emmelkamp, & Vervaeke, 1999) favoured a one-factor 

solution, with all 16 items loading on one general factor. 

 Brown (2003) and Hazlett-Stevens, Ullman, and Craske (2004) suggested a solution 

for this controversy:  Using confirmatory factor analysis (CFA), they demonstrated that the 

distinct factors appearing in EFA might reflect method effects caused by different responding 

to positively and negatively worded items. Thus all items of the PSWQ measure the unitary 

theoretical construct of worry, but additionally, some of the items share additional common 

variance (related to the wording of these items).  

For such cases, Reise, Moore, and Haviland (2010) suggested the use of bifactor 

models, in which items load on one general factor and also on an orthogonal method factor. 

Consistently, recent adaptations of the PSWQ found best fit for bifactor models, which consist 

of either one general trait factor combined with one method factor for the negatively worded 

items (e.g. Lim, Kim, Lee, & Kwom, 2008; van der Heiden, Muris, Bos, & van der Molen, 

2010), or one general trait factor combined with two distinct method factors for the positively 

and the negatively worded items, respectively (e.g. Gana, Martin, Canouet, Trouillet, & 

Meloni, 2002; Pallesen, Nordhus, Carlstedt, Thayer, & Johnsen, 2006).  

In the two studies presented in this Thesis, I aimed to construct the Hungarian 

adaptation of the PSWQ and to examine its basic psychometric properties: construct validity, 

internal and test-retest reliability. Second, I wanted to investigate the factor structure of the 

Hungarian PSWQ to test which of the previously described latent models fits the data best on 

a Hungarian sample. The latter aim requires complex CFA analyses and thus large sample 

sizes, but only the items of the PSWQ have to be administered. In contrast, establishing 

construct validity requires the assessment of multiple scales but is less reliant on large sample 

sizes. Thus, to optimize the utilization of research resources, two studies were conducted: In 

Study 1, factor structure and reliability were assessed in a large undergraduate sample. 

Thereafter, in Study 2, construct validity was examined using a larger set of questionnaires in 

two undergraduate samples of moderate size and in a small sample consisting of GAD-

patients and matched control participants.  
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1.2. Study 1. Reliability and factor structure of the Penn State Worry 

Questionnaire 

1.2.1. Method 

1.2.1.1. Participants, Procedure and Materials  

The sample for Study 1 (N = 702, 316 women, Mage = 21.52, SDage = 1.98, age range = 

19-34) consisted of undergraduate students participating for partial credit in psychology 

courses. Data were collected in a one-year period, during which participants appearing in our 

lab for participating in other experiments filled out the PSWQ. These experiments targeted 

memory or executive functions, thus it is unlikely that they influenced PSWQ scores. A small 

subset of the participants filled out the PSWQ again three weeks later for establishing test-

retest reliability (N = 42, 16 women, Mage = 21.19, SDage = 1.71, age range = 19-27). 

Participants signed the consent form including information about the anonymous nature of the 

study. Participants also filled in the STAI-T, which was later used in additional analyses (see 

Section 1.5), and thus related data are not reported here. 

 

The original, English items of the PSWQ were translated and then checked by a 

research assistant for linguistic correctness. After that, two bilingual translators translated the 

items back to English which were than compared to the original items. Before finalizing the 

Hungarian items, minor changes were made based on the comparison of the original and the 

back translated items.   

1.2.1.2. Data analysis. 

We used CFA to compare the four models described earlier in the literature: (1) a 

single-factor model with all 16 items loading on one factor (M1, e.g. Meyer et al., 1990); (2) a 

two-factor model with two latent factors representing the positively and the negatively 

worded items, respectively (M2, e.g. Stöber, 1995); (3) a bifactor model consisting of a 

general trait factor representing all 16 items and one method factor representing the negatively 

worded items (M3, e.g. Hazlett-Stevens et al., 2004); (4) a bifactor model with one general 

trait factor and two method factors representing the positively and the negatively worded 

items, respectively (M4, e.g. Gana et al., 2002). The latent factors were correlated only in M2, 
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and uniqueness correlations were set to zero in all models. Analyses were conducted using the 

statistical modelling software Mplus (Version 6.11; Muthén & Muthén, 1998-2010). We used 

a robust maximum-likelihood estimator (MLR; Muthén & Muthén, 1998-2010) and a mean 

and variance adjusted weighted-least square estimator (WLSMV; Muthén & Muthén, 1998-

2010). Both can be used for five-category ordinal indicators (Rhemtulla, Brosseau-Liard, & 

Savalei, 2012). WLSMV is specifically designed for ordinal indicators, whereas MLR allows 

more flexibility in model comparisons. For CFA, negatively worded items were reverse 

scored. 

To determine model fit, we used the χ2 statistics. Significant χ2 indicates that the model 

does not fit the data well. With large sample sizes and complex models, however, this test is 

too conservative (i.e. too fast rejecting the model), thus we also investigated the comparative 

fix index (CFI) and the root mean square error of approximation (RMSEA). Based on Yu 

(2000), the following criteria were adopted for a well-fitting model: CFI ≥ 0.96 and RMSEA 

≤ 0.05. We also computed the confidence interval of RMSEA. A model fits well when the 

lower bound of the 90% confidence interval for RMSEA is below 0.05 and the upper bound is 

below 0.08. Relative fit of different CFA models was compared by investigating the Akaike 

Information Criterion (AIC) and the Bayesian Information Criterion (BIC). These are 

information theory-based fit indices with lower values indicating better fit. AIC/BIC values 

are only available and reported for the MLR estimator.  

Cronbach’s alpha value was computed for assessing internal consistency. Furthermore, 

in the test-testest subsample, Spearman correlation coefficient with confidence intervals was 

calculated for examining the relationship between the PSWQ scores at baseline and follow-

up. 

1.2.2. Results 

1.2.2.1. Descriptive statistics and reliability analysis. 

The mean PSWQ score in the sample was M = 43.36 (SD = 12.73). Cronbach’s alpha 

values indicated excellent internal consistency (α = .93). Item-total correlations were between 

.60 and .80 for most items. A relatively lower, but still acceptable item-total correlation was 

observed for item 1 ( rit = .39), item 11 ( rit = .51) and item 16 (rit = .58). Test-retest reliability 

was adequate (rs = .87, p < .001, 95% CI [.766, .930]).  
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1.2.2.2. Factor structure and measurement invariance. 

For CFA, goodness of fit indices are presented in Table 1.1. for both estimators. χ2 

values were significant for all models, possibly due to large sample sizes. Fit indices indicate 

that M4 fits the data best: it has the lowest BIC, AIC, RMSEA and the highest CFI values. 

Moreover, M4 is the only model satisfying the cut-offs for a well-fitting model: CFI is above 

0.96, RMSEA value approaches 0.05 and the lower bound of the 90% confidence interval for 

RMSEA is below 0.05 and the upper bound is below 0.08. Because of its superior fit, M4 was 

retained as the factor structure of the Hungarian PSWQ. Factor loadings for M4 were similar 

for both estimators, thus only the loadings estimated with WLSMV are presented in Table 1.2. 

Factor loadings of the method factor representing positively worded items are weak and 

inconsistent, whereas loadings on the other two factors are satisfactory. This suggests weaker 

method-effects for positively than for negatively worded items. 

 

 Model χ2(df)a CFI RMSEA - 90% CI AIC BIC 

WLSMW  M1 762(104)* 0.968 0.095 [0.089, 0.101]   

M2a 360(103)* 0.987 0.060 [0.053, 0.066]   

 M3 335(99)* 0.988 0.058 [0.051, 0.065]   

 M4 247(88)* 0.992 0.051 [0.043, 0.058]   

       MLR  M1 613(104)* 0.903 0.083 [0.077, 0.090] 28,953 

 

29,172 

M2a 367(103)* 0.950 0.060 [0.054, 0.067] 28,666 28,889 

 M3 345(99)* 0.953

3 

0.060 [0.053, 0.066] 28,650 28,891 

 M4 234(88)* 0.972 0.049 [0.041, 0.056] 28,525 28,817 

 

Table 1.1. Fit indices of the latent models in Study 1 for the Hungarian PSWQ. 

Note. χ2(df): χ2-value with degrees of freedom; AIC: Akaike Information Criterion; BIC: Bayesian Information 

Criterion; CFI: Comparative Fit Index; RMSEA - 90% CI: Root Mean Square Error of Approximation with 90% 

confidence intervals; MLR: robust maximum-likelihood estimator; WLSMV: mean and variance adjusted 

weighted-least square estimator; M1: model with one general trait factor; M2: model with two correlated latent 

factors for the positively and the negatively worded items; M3: model with one global trait factor and one 

method factor for the negatively worded items; M4: model with one global trait factor and two method factors 

for the positively and the negatively worded items, respectively.  

* p < .001 
a Correlation of the two latent factors stronger then -.75, p < .001 
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Trait 

Factor 

 Positively 

worded 

method 

factor 

 Negatively 

worded 

method 

factor 

         
item 1 -.39      .47  

item 2 .73   -.09†     

item 3 -.64      .50  

item 4 .82   -.17     

item 5 .78   -.20     

item 6 .73   -.07†     

item 7 .88   .18     

item 8 -.64      .32  

item 9 .68   .37     

item 10 -.70      .49  

item 11 -.51      .33  

item 12 .83   .01†     

item 13 .85   -.02†     

item 14 .77   .04†     

item 15 .94   .15     

item 16 .61   .25     

 

 

Table 1.2. Standardized factor loadings of the PSWQ items for the latent model with one trait and two 

method factors (M4).   

Note. Factor loadings with no value are restricted to be equal to zero. For loadings not marked with  

symbol: p < .001 

* p < .05 

† Not significant  

 

1.3. Study 2. Construct validity of the Penn State Worry Questionnaire 

1.3.1. Method 

1.3.1.1. Participants, Procedure and Materials  

Participants of the two undergraduate samples were recruited and informed as 

described for Sample 1 of Study 1. Participants participating in experiments in our memory 
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lab filled in either a shorter or a longer questionnaire packet on paper, depending on the 

duration of the experiment they participated in. Thus data were collected for two samples. 

 In Sample 1 (N = 126, 56 women, Mage = 24.01, SDage = 5.73, age range = 18-42), 

besides the PSWQ, we assessed the trait subscale of the Spielberger State-Trait Anxiety 

Inventory (STAI-T; Spielberger et al., 1970; Hungarian version: Sipos, Sipos, & Spielberger, 

1998) which consists of 20 items, answered on 4-point Likert scales, assessing the proneness 

to common signs and symptoms of anxiety. Additionally, we administered the Sensitivity to 

Punishment and Sensitivity to Reward Scale (SPSRQ; Torrubia, Avila, Moltó, & Caseras, 

2001; Hungarian version: Kállai, Rózsa, Kerekes, Hargitai, & Osváth, 2009) which consists of 

48 items answered on a dichotomous scale (typical – not typical) and has two subscales: 

Sensitivity to Punishment and Sensitivity to Reward. 

In Sample 2 (N = 151, 88 women, Mage = 22.97, SDage = 3.08, age range = 18-33), we 

administered PSWQ, STAI-T and a short 9-item version of the Beck Depression Inventory 

(BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) which has the same psychometric 

properties as the original version of the scale (Rózsa, Szádóczky, & Füredi, 2001). Items of 

the BDI focus on signs of depression and are scored on 4-point Likert scales.   

Additionally, in Sample 3, we investigated the criterion validity of the Hungarian 

PSWQ by administering it to a group of outpatients diagnosed with GAD (N = 13, 10 women, 

Mage = 45.54, SDage = 14.19, age range = 29-72, Meducation =  14.31; SDeducation = 2.59) and 

compared their PSWQ score to a group of control participants matched for age, gender and 

education (N = 13, 10 women, Mage = 42.15, SDage = 10.03, age range = 30-62, Meducation =  

12.77; SDeducation = 6.14). Both patients and controls gave informed consent.   

1.3.1.2. Data analysis.  

In Sample 1 and 2, the total scores of the scales were non-normally distributed, thus 

the association between them was examined by computing the Spearman correlation 

coefficient with confidence intervals. In Sample 3, the PSWQ score was normally distributed 

in both groups, thus the group means were compared by t-test. 

1.3.2. Results  

Mean PSWQ score was 41.56 (SD = 11.13) in Sample 1 and 46.19 (SD = 12.97) in 

Sample 2. Correlation analysis indicated that worry was strongly associated with trait anxiety 
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in both samples (Sample 1: rs = .75, p < .001, 95% CI [.659, .819]; Sample 2: rs = .72, p < 

.001, 95% CI [.630, .791]). The correlation coefficient yielded a weaker link both between 

worry and punishment sensitivity in Sample 1 (rs = .52, p < .001, 95% CI [.375, .640]) and 

between worry and depression in Sample 2 (rs = .38, p < .001; 95% CI [.230, .512]). Worry 

was not associated to reward sensitivity in Sample 1 (rs = .13, p = .14, 95% CI [-.051, .303]).  

In Sample 3, GAD-patients scored significantly higher on the PSWQ than matched 

controls (GAD-patients: M = 59.00, SD = 11.58; controls:  M = 43.38, SD = 10.02; t(24) = 

3.68, p < .01).   

1.4. Discussion of Study 1 and Study 2 

The first aim of Thesis 1 was to investigate basic psychometric properties of the 

Hungarian PSWQ. Results of Study 1 confirmed that the Hungarian PSWQ has the same 

excellent internal consistency as the original English PSWQ. In a small subsample, we also 

demonstrated good test-retest reliability of the scale over a period of three weeks. In Study 2, 

construct validity was demonstrated by showing that the Hungarian PSWQ relates to other 

constructs in a theoretically meaningful way: it was strongly related to trait anxiety, 

moderately to punishment sensitivity and depression, whereas the association between worry 

and reward sensitivity was not significant. Finally, GAD-patients had significantly higher 

PSWQ scores than matched controls, demonstrating criterion validity.  

The second aim was to examine the factor structure of the Hungarian PSWQ. Using 

CFA, we replicated previous research (e.g. Lim et al., 2008; Pallesen et al., 2006) by showing 

that bifactor models with trait and method factors outperformed models with one general or 

two distinct, but correlated trait factors. We also showed that a bifactor model with only one 

method factor for the negatively worded items is outperformed by a bifactor model with 

distinct method factors for positively and negatively worded items. The factor loadings of the 

positively worded method factor, however, were inconsistent and weak. Such a pattern was 

also observed in other studies (Gana et al., 2002; Pallesen et al., 2006), thus it seems to be 

inherent to the scale, and is not related to the Hungarian version. Our results indicate that 

these inconsistent loadings notwithstanding, taking method effects related to positively 

worded items into account significantly enhances model fit, at least in the case of the 

Hungarian PSWQ. Therefore, it may be advised to retain a model with one trait and two 

method factors.  
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The present study has important limitations. First, we used undergraduate samples, 

thus one should be cautious when generalizing our results to other age groups. Second, we 

used relatively small samples for testing test-retest reliability in Study 1 and criterion validity 

in Study 2. Third, we did not assess convergent validity of the scale by using another 

questionnaire focusing on some form of repetitive thinking (Watkins, 2008). And finally, we 

did not investigate the construct validity of the online administered version of the PSWQ. 

Notwithstanding these limitations, our results suggest that both the paper-pencil and 

the online versions of the Hungarian PSWQ are reliable and valid measures of pathological 

worry. The latent structure of the Hungarian PSWQ consists of one general trait factor 

measuring pathological worrying and two method factors related to the wording of the items. 

Our study also demonstrated that this latent structure shows superior fit to a solution with 

only one method factor. 

1.5. Norms for the independent effect of trait worry, based on the 

sample of Study 1 and Study 2 

As already described in Section 4.3 of Chapter 1, for some of the analyses in the 

following thesis points, applying multiple linear regression analysis was not appropriate either 

because of within-subject comparisons or skewed distribution of the dependent variables. If 

this was the case, the independent effect of trait worry was investigated by building two 

groups that differed in the relative magnitude of trait worry and trait anxiety. These groups 

were constructed in a way, that the differences between them reflected the effect of trait 

worry, once trait anxiety was held constant. Thus, mean differences between these groups can 

be attributed to the partial effect of trait worry similarly to a pattern in a multiple linear 

regression. The way of constructing these groups will be described below.  

Because the PSWQ and the STAI-T are expected to be correlated, a “hypothetical” 

PSWQ score can be predicted for each participant based on his/her STAI-T total score. The 

difference between this predicted PSWQ score and the actual PSWQ score gives an 

estimation of the independent effect of trait worry. Our aim was to build cut-off scores for this 

difference between the actual and the predicted value of PSWQ. This enables then to separate 

individuals who have high PSWQ score relative to their STAI-T score from those individuals 

who have low PSWQ score relative to their STAI-T score (i.e. the independent effect of trait 

worry).  
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To determine predicted PSWQ scores, the three healthy undergraduate samples of 

Study 1 and 2 were pooled together, yielding a total sample size of N=937. As expected, the 

two measures were positively correlated in this pooled sample (rs = .73, p < .001, 95% CI 

[.702, .763]). Thereafter, a simple linear regression was conducted, with the STAI-T score as 

criterion and the PSWQ-score as predictor. The model fit was highly significant, F (1, 935) = 

1092.3, p < .001, as was the effect of STAI on PSWQ, a = 0.667, B = 1.046, SEB = 0.032, β = 

.73, p < .001. Based on the results of this regression model, a ‘hypothetical’ or ‘predicted’ 

PSWQ score for every participant can be computed by multiplying his/her STAI-T score with 

the unstandardized regression coefficient (B = 1.046) and adding the constant from the 

regression equation (I= 0.667) to this product:  

PSWQpred = 0.667 + 1.046 * STAI-T    (Equation 1, see also Figure 1.1, black line).  

The difference of this predicted PSWQ score and the actual PSWQ score, then, can be 

used to represent the relative differences between the PSWQ and the STAI-T scores (Figure 

1.1., red line):  

PSWQres = PSWQ - PSWQpred  (Equation 2, see also Figure 1.1., red line). 

 

Figure 1.1. Prediction of individual PSWQ-scores from STAI-T scores. 
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Thus, PSWQres represents, whether a subject has higher or lower PSWQ score than 

predicted based on his/her STAI-T score – it is actually the unstandardized residual score.  

We computed for all participants the PSWQres score, and also the 33th and the 66th 

percentile for the PSWQres (see Table 1.3). These percentile values were then used in the 

following thesis points, whenever linear regression was not appropriate to test the partial 

effect of PSWQ, to build groups which separate participants with low vs. high relative levels 

of PSWQ, as compared to their STAI-T score. 

Mean Std. Deviation 33th percentile 66th percentile

PSWQ 43.73 12.66 37.00 49.00

STAI-T 41.18 8.89 37.00 45.00

PSWQres -0.006 8.60 -3.84 3.04
 

Table 1.3. Normative values for PSWQ, STAI-T and PSWQres for a healthy undergraduate 

population. 

Note, that this residual score is not independent of the PSWQ, as OLS regression 

models the conditional mean of the response variables. Because of this, PSWQres values 

corresponding to low PSWQ values will tend to be rather negative whereas PSWQres values 

corresponding to high PSWQ values will tend to be rather positive (as can be seen in Figure 

1.1, where data points in the bottom left corner of the figure tend to be below the OLS 

regression line, whereas data points in the top right sector of the figure tend to be above this 

line). Moreover, the nonnormal distribution of both the PSWQ and the STAI-T might make 

this method also a suboptimal choice.  

These limitations of this computation method could be eliminated by using the method 

of quantile regression which estimates the conditional median or any other quantile of the 

response variable. However, due to the limited availability of this method, it was not used in 

this dissertation. Instead, to compensate for the above deficiency of this computation, the 

PSWQres score was also computed using a second computation method, which was based on 

data of the specific sample of interest (i.e. where linear regression was not appropriate to test 

the partial effect of PSWQ). using this second method, STAI-T was regressed PSWQ using 

data from that specific sample, and the residual scores were saved. Then the 33th and 66th 

percentiles of this PSWQres distribution were computed and using these cut-points groups 

were built separating individuals who have low vs. high relative levels of PSWQ, as 

compared to their STAI-T score. 
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To sum up, the independent effect of trait worry (PSWQres) was quantified using two 

different computations. The first method applied the a and B values acquired after regressing 

STAI-T on PSWQ in the large pooled sample of Study 1-2 (N =937) to calculate PSWQres. In 

contrast, the second method used the PSWQres score acquired after running a regression of 

STAI-T on PSWQ using data from the specific smaller sample of interest (N = 50 - 150). 

Building high-low groups based on the PSWQres scores acquired with the first method might 

be a good estimation of the high and low extremes in the population regarding PSWQres. The 

second method gives a less precise estimation but it is free from the methodological 

ambiguities of the first computational method. Thus, results with both methods are reported 

and interpreted. PSWQres values and groups associated with the first method will be signalled 

with the marker of ‘S1S2’, indicating that they are based on the pooled sample of Study 1-2 

(e.g. PSWQres_S1S2, PSWQres_LOW_S1S2). In contrast, PSWQres values and groups related 

to the second method will be signalized by the marker which refers to the specific study (e.g. 

if the computation is based on data from Study 6, than S6 will be the marker: PSWQres_S6, 

PSWQres_LOW_S6).  

Whichever computational method is used, however, one important handicap has to be 

noted: it does not enable the statistical investigation of suppressor situations (e.g. using a 

Sobel-test). Because investigation of potential suppressor situations was one of the main aims 

of this dissertation, in the followings, hierarchical linear regression will be applied in all 

cases, whenever its assumptions are met.  

Finally, for illustrative purposes, in Figure 1.2 individual differences in trait worry 

(Figure 1.2A.), in trait anxiety (Figure 1.2B.) and in their relative magnitude (PSWQres, Figure 

1.2.C) are visualized. In all three cases, the correlation between PSWQ and STAI-T is 

depicted, and the different colours indicate low/medium/high groups based on the 33th and the 

66th percentile for the PSWQ, the STAI-T and the PSWQres. In Figure 1.2A, the different 

colours represent low/medium/high groups based on the PSWQ score, whereas in Figure 

1.2B, the groups are built based on the STAI-T score. Finally, Figure 1.2C shows three groups 

who differ in their magnitude of PSWQ and STI-T score. Subjects depicted with red colour 

have a stronger tendency to worry, than could be predicted from their trait anxiety scores. In 

contrast, subjects depicted with yellow colour have lower PSWQ score, than could be 

predicted based on their STAI-T score. Any difference between these two groups can be 

attributed to an effect of trait worry, which is independent of trait anxiety. 
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Figure 1.2. Groups with low/medium/high levels of three variables: (A) PSWQ, (B) STAI-T, (C)  

PSWQres.  

Note: The cut-points for the groups were the 33th and 66th percentiles computed for the pooled samples 

from Study 1 and Study 2 (N=937), presented in Table 1.3. Red colour: high level of the grouping 

variable; orange: medium level of the grouping variable; yellow: low level of the grouping variable. 

 

1.6. Conclusions 

The results of Study 1-2 indicate that the Hungarian version of the PSWQ is reliable and valid 

measure of excessive, frequent worrying. Furthermore, the  latent structure of the Hungarian 

PSWQ consist of one general trait factor measuring pathological worrying and two method 

factors related to the wording of the items.  
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2. Trait worry, trait anxiety and future-oriented decision 

making (Thesis 2)3 

2.1. Theoretical background 

2.1.1. Somatic marker theory and the Iowa Gambling Task 

One of the most prominent approaches concerning the impact of emotions on 

decision-making is the Somatic Marker Hypothesis (SMH) proposed by Antonio Damasio 

(1994, 1996): this theory postulates that human decision-making is subserved by dispositional 

information stored in the emotion circuitry of the brain, thus it is not only drawing upon high-

level cognitive operations on propositional information. The circuitry stores somatosensory 

patterns of several emotional states, the so-called “somatic markers”, and these somatic 

markers can be associated with many stimuli/responses/situations during the life of the 

individual. When facing a decision, somatic markers associated with response options are 

activated, and unconsciously (i.e. without conscious awareness) influence the decision-

making by roughly signalling the value of the given response option. This assistance is 

particularly supportive for decisions under uncertainty, in which the computational demands 

are high, and the signals of the somatic markers can reduce the size of the problem space. One 

of the presumed neural locations of this emotional circuitry is the ventromedial part of the 

prefrontal cortex (VMPFC), which is responsible for recording “linkages between factual 

knowledge and bioregulatory states” (A.R. Damasio, 1996, p. 1414). 

The evidence on which SMH is based mainly comes from experimental results 

applying the Iowa Gambling Task (henceforward IGT), which was designed to model real-life 

decision making under uncertainty (Bechara et al., 1994). In the IGT subjects are endowed 

with a certain amount of (virtual) money and are presented with 4 decks of cards (A, B, C and 

D). They have to select one card from one of the decks in every round. Selecting any of the 

decks is rewarded (that is subjects receive money). However, according to a preset probability 

distribution some selections are also punished (i.e., subjects lose money). The subjects are 

instructed to collect as much money as possible throughout the game, which consists of 100 

rounds (the number of the rounds is previously not revealed to the subjects). The four decks 

                                                 
3 This thesis point is an edited and modified version of the paper entitled „The opposite effect of trait and state 

anxiety on Iowa Gambling Task” (Pajkossy, Dezső, Paprika, 2009) 
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differ in their reward-punishment schedules: decks A and B are associated with larger rewards 

than decks C and D. However, due to large and frequent punishments, permanently choosing 

decks A and/or B leads to losses, even to the loss of the whole initial endowment.  On the 

contrary, when subjects choose from decks C and/or D, rewards surpass punishments. 

Although this pattern is hidden, healthy subjects figure it out that on the long run decks C and 

D are advantageous, due to the smaller punishments involved. The typical behaviour on the 

task is a progressive shift from disadvantageous („bad”) decks (A and B) to advantageous 

(„good”) decks (C and D). Since the reward-punishment schedule is hidden, it was suggested 

by Bechara et al. (1994) that this shift is not due to explicit knowledge about the reward-

contingencies. Bechara et al., (1997) propose that up until the 30-50th selection subjects do 

not have conscious knowledge concerning the rules of the game although they gradually shift 

from bad to good decks. In contrast, already during the first 20 trials, prior to selecting from 

bad decks most subjects do generate anticipatory skin conductance responses, which is a sign 

of a fear reaction (Bechara et al., 1997). Consequently, ‘somatic markers’ may underpin 

successful performance by unconsciously labelling decks ‘advantageous’ or 

‘disadvantageous’. However, other studies (Bowman, Evans, & Turnbull, 2004; Maia & 

McCelland, 2004) question the assumption of this cognitive impenetrability. For example, 

Maia and McCelland (2004) found that those selecting more from the advantageous decks 

have explicit knowledge about the relative goodness or badness of the decks and that explicit 

knowledge can be present already before the 20th trial.  Nevertheless, support for the 

neurobiological underpinnings of the somatic markers comes from studies showing that 

patients with damage to the VMPFC stick to bad decks, seemingly disregard losses and hence 

underperform on IGT (Bechara et al., 1994; Bechara, Tranel & H. Damasio, 2000).  

Neuroimaging studies also support the role of the ventromedial and/or orbitofrontal parts of 

the cortex in IGT performance. Furthermore, they usually also show that, besides the 

VMPFC, a large brain-network is engaged during the IGT task (which is not surprising given 

the complexity of the task): activity of brain areas involved in working memory, episodic 

memory (dorsolateral prefrontal cortex and hippocampus) and emotional processing 

(amygdala and insula) was observed (Fukui, Murai, Fukuyama, Hayashi, & Hanakawa, 2005; 

Lawrence, Jollant, O’Daly, Zelaya, & Phillips, 2009; Li, Lu, D’Argembau, Ng, & Bechara, 

2011; Northoff et. al, 2006).   

Another controversial issue concerns the correlation of the IGT with other measures of 

cognitive performance, in particular with measures of working memory and other aspects of 
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cognitive control. Originally, performance on the IGT was held to be independent from 

working memory and cognitive control – in accordance with the notion of cognitive 

impenetrability. Bechara, H. Damasio, Tranel, & Anderson, (1998), for example, 

demonstrated a double dissociation: patients with lesions to the VMPFC were selectively 

impaired on the IGT but not on a task measuring WM, whereas participants with lesions to the 

dorsolateral prefrontal cortex (associated with cognitive control) were unimpaired on the IGT 

but impaired on the WM task. Studies conducted on healthy participants showed controversial 

results with some observing correlations between IGT performance and cognitive control (e.g. 

Bagneux, Thomassin, Gonthier, & Roulin, 2013), whereas others concluding that IGT 

performance is independent of cognitive control (e.g. Turnbull, Evans, Bunce, Carzolio, & 

O’Connor, 2005). This controversy is even characteristic of the reviews related to this topic. 

Toplak, Sorge, Benoit, West, & Stanovich (2010), for example, reviewed all studies in which 

correlations between the IGT and tasks measuring the shifting, inhibition and updating 

component of cognitive control were reported. The authors found only weak evidence for an 

association between the IGT and cognitive control. In another review, however, assessing the 

construct validity of the IGT, Buelow and Suhr (2009) concludes that performance on the IGT 

is related to cognitive control. On the one hand, these inconsistencies surely are caused by the 

often noted variability in IGT-performance of healthy participants (e.g. Dunn, Dalgleish, & 

Lawrence, 2006). On the other hand, they might be also explained by the fact that the 

performance in the IGT is usually measured by subtracting the number of non-advantageous 

choices from the number of advantageous choices (often referred to as ‘net score’). This 

calculation might confound the automatic decisions guided by the somatic markers at the 

beginning of the task with the more controlled decision making processes at later stages, when 

explicit knowledge of task-rules have began to evolve. In accordance with this, it was found 

that advantageous choices in the later part of the IGT are associated with executive functions 

or other measures of cognitive performance (Brand, Recknor, Grabenhorst, & Bechara, 2007; 

Gansler, Jerram, Vannorsdall, & Schretlen 2011a; Gansler, Jerram, Vannorsdall, & Schretlen , 

2011b). 

This differentiation between automatic, nonconscious processes directed by the 

somatic markers on the one side, and conscious processes operating on explicit knowledge of 

the task-contingencies on the other side, has obvious similarities to the differentiation between 

automatic and controlled processes reviewed in Chapter 1. Although one could question the 

statement that the automatic decision-making processes associated with the somatic markers 
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are equivalent with the automatic processing described by Schneider and Shiffrin (1977) or 

with the activation of schemata proposed by Norman and Shallice (1986), matching cognitive 

control processes to the decision-making processes in the second phase of the task is 

supported by the correlational results summarized above.   

2.1.2. SMH, IGT performance and anxiety 

Both theoretical considerations and empirical results have been put forward regarding 

the effect of anxiety on the IGT performance. Nevertheless, it is both theoretically and 

empirically unclear in what way different conceptualizations of anxiety impact decision 

making in general and IGT performance in particular.  

Both state and trait anxiety are associated with the tendency of perceiving certain 

situations or stimuli as physically and/or psychologically threatening. Derived from the SMH, 

experienced anxiety should influence the formation of somatic markers associated with 

threatening stimuli and eventually influence decision-making. However, it is theoretically and 

empirically unclear in what way state or trait anxiety impacts decision making in general and 

IGT performance in particular. Bechara and A. R. Damasio (2005) propose that emotions 

integral to the given task are helpful for the decision-making process. Thus somatic states 

triggered by situation-relevant fearful thoughts are beneficial for decision making, whereas 

somatic markers associated with irrelevant anxious thoughts are disruptive. Because anxiety is 

associated with higher physiological reactivity for punishments (e.g. Cornwell, Johnson, 

Berardi, & Grillon, 2006; Gonzalez-Bono et al. 2002, but see Calvo & Cano-Vindel, 1997), it 

might be related to stronger somatic markers and thus to better performance on the IGT. In 

accordance with this, Werner, Duschek and Schandry (2009) observed that trait anxiety 

predicted better IGT performance. On the other hand, high levels of anxiety are characterized 

by disturbing negative thoughts and evaluations, and increased anticipation of future threats 

(Cassady & Johnson, 2002; Hebre, 1988). These could decrease available cognitive resources. 

Moreover, state anxiety is also characterized by increased arousal, which could lead to an 

altered pattern of the somatic markers and thus negatively impact decision-making processes 

(Ernst & Paulus, 2005). Supporting this, some studies found that trait anxiety is associated 

with poor performance and a flat learning curve on IGT (de Visser et al., 2010; Miu, Heilman 

and Houser, 2008). Moreover, Preston et al. (2007) found that anticipating unpleasant future 

events that are not connected to IGT deteriorates task performance. Finally, Mueller et al. 

(2010) suggested that worrying as a core symptom of anxiety can have a positive impact on 



65 

decision-making and on IGT performance. Because the tendency to worry can be associated 

with the „exaggerated processing of uncertain/probabilistic negative events that occur in the 

future” (Mueller, Nguyen, Ray, & Borkovec, 2010, p.166), it may support avoiding possible 

negative outcomes and may lead to better IGT performance. Supporting this, they found that 

students with symptoms similar to Generalized Anxiety Disorder (GAD) perform better on 

the IGT. 

2.1.3. Declarative elaboration and trait worry - predictions  

One factor, which could cause this inconsistent pattern of results, might be the 

involvement of multiple processes in performance of the IGT task and the association 

between declarative elaboration and anxiety. Anxiety is generally associated with increased 

declarative elaboration on choices (Calvo, Avero, & Miguel-Tobal, 2003), so it may be 

suspected that people with higher level of anxiety form and test explicit hypotheses about the 

contingencies of the IGT. Moreover, such explicit declarative elaboration of future negative 

outcomes is reminiscent of the definition of worry, as a problem solving activity related to 

future possible threats. Such declarative elaboration might be disadvantageous in early phases 

of the IGT when such declarative elaboration might disrupt the formation of somatic markers. 

Thus we predict that trait worry will be negatively related to learning in the early stages of the 

task. On the other hand, at the later stages of the task, when explicit knowledge of task rules 

plays a more important role, such declarative elaboration might be advantageous. Thus, we 

predict, that trait worry will be positively related to learning in the later stages of the task. 

Furthermore, assuming that cognitive control processes are required in the second part of the 

IGT, we predicted that the suppressor situation involving trait worry and trait anxiety will be 

observed only in the latter stage of the task. 

2.2. Study 3: The effect of trait worry and trait anxiety on future 

decision making  

2.2.1. Method 

2.2.1.1. Participants 

Fifty undergraduate students participated (28 female, Mage = 23.82 years, SD=3.31, 

range 20-36). They were recruited from the Pázmány Péter Catholic University in Budapest 
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and from the Budapest University of Technology and Economics and were compensated with 

extra credits for their participation. 

2.2.1.2. Material 

The design of the task was identical to the IGT task described in Section 2.1.1. The 

initial endowment was 2000 Euros. Note, that subjects were not paid in cash for their 

participation, thus incentive compatibility was not assured.  Instructions were the Hungarian 

translation of the original instructions and the experiment was administered on computer. The 

four decks were displayed on the computer screen and subjects made their selections by 

pressing a key corresponding to the deck. The probability distributions and the gains and 

losses were identical with the original IGT (Bechara et al., 1994), thus on the long-rung only 

decks C and D were profitable. Subjects also received feedback on their actual and overall 

earnings.  

2.2.1.3. Procedure 

Participants first conducted the IGT task. We instructed them using the standard IGT 

instructions applied from Bechara et al., (2000). Next, subjects performed the IGT and then 

filled out the STAI-T and the PSWQ. The experimental session was closed by debriefing the 

subjects. 

2.2.1.4. Data analysis. 

Regarding IGT performance, a ‘net score’ was calculated by subtracting the number of 

bad selections from the number of good selections ((C+D)-(A+B)). In the same way, a net 

score was also computed for every block of 20 selections, hence having a separate net score 

for every block.  

Moreover, following the suggestion of Gansler et al. (2011b), the net score was 

computed separately for the trials 1-40, and for the trials 41-100. The former reflects the 

performance on the first phase of the task, where decisions are based more on automatic 

processes directed by the somatic markers (Bechara et al., 1997). The latter reflects 

performance in the second phase of the task, where participants might have already a hunch 

about which deck is advantageous, and thus their performance reflect the operation of 

controlled processing (e.g. the estimation of risks, Brand et al., 2007). 
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A further measure was also used to match the more automatic learning processes 

during the first part of the task, and declarative learning involving cognitive control in the 

second phase of the task. Early Learning Index (ELI) was computed by subtracting the net 

score of Block 1 from the net score of Block 3. Similarly, Late Learning Index (LLI) was 

computed by subtracting the net score of Block 5 from the net score of Block 3. Thus, these 

indexes represent to what extent the subjects shifted their preferences from bad to good decks 

between the blocks.   

The effect of trait anxiety and trait worry was examined in various ways. Because we 

aimed to replicate the findings of Mueller et al. (2010), similarly to their analysis, we 

conducted a mixed design ANOVA, with the five blocks as within subject factor, and the 

low/medium/high levels of trait worry as between-subject factor. For creating high, medium 

and low ranges of trait worry, the 33th and the 66th percentile were computed as cut-points 

for three groups. Following Mueller et al. (2010), we expected a significant interaction 

between task-phase and trait worry, with high worriers performing better as the task advances.    

The interplay of trait worry and trait anxiety was examined using hierarchical 

regression analysis. To capture the different processes which are suggested to be involved in 

the IGT, several criterion variables were tested: ELI, LLI, and the three net score values (trials 

1-100, trials 1-40, trials 41-100). We expected to observe a suppressor situation by the 

criterion variables reflecting the performance at the latter stages of the task, when cognitive 

control processes might be involved (e.g. LLI and net score for trial 41-100).  

2.2.2. Results 

2.2.2.1. Descriptive Statistics 

The average total score was 39.46 (SD = 11.95) for PSWQ and 42.60 (SD = 8.92) for 

STAI-T.  The means and standard deviations for the measures of IGT-performance are 

presented in Table 2.1. Women had higher IGT net score in the first block (t=-2.64 [48], 

p<.05). Apart from this, no gender differences were found either in IGT performance, or in 

anxiety level. SES and age was only related to the net score of the first block (r=-.35, p<.05 

and r=-.35, p<.05 for SES and age, respectively). PSWQ and STAI-T were correlated (r=.67, 

p<.001). 
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Mean
Standard 

Deviation

Net score (trials 1-100) 10,00 25,25

Net score (trials 41-100) 11,24 21,10

Net score (trials 1-41) -1,24 9,23

ELI 7,00 10,86

LLI 1,48 10,54  

Table 2.1. Descriptive statistics of the IGT performance-measures 

2.2.2.2. IGT performance 

The average learning curve derived from the net scores for each block is depicted in 

Figure 2.1. Repeated measure ANOVA with block as within-subject factor (Block 1 to Block 

5) and net score as dependent variable confirmed the main effect of block (F[3.40, 

166.82]=12.11, p<.001, η2 = .19). Pairwise comparisons revealed that the only significant 

difference between the block net-scores was that between Block 1 and Block 2 (F[1, 49] = 

25.30, p<.001, , η2 = .34). 

 

 

Figure 2.1. IGT net score for each Block. 

2.2.2.3. Effect of trait worry on IGT performance – ANOVA analyses 

The IGT performance of subjects with low/medium/high levels of trait worry and trait 

anxiety is presented in Figure 2.2. The impact of trait worry on IGT performance was 

analysed using a 5 (Block 1 to Block 5) x 3 (low/medium/high trait worry) mixed design 

ANOVA. Block had a significant main effect (F[4, 188] = 11.17, p<.001, η2 = .19), but worry 
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did not (F[2, 47] = 0.86, p = .43, η2 = .04). The two-way interaction between block vs. trait 

worry (F[8, 188] = 2.08, p<.05, η2 = .08) was significant. A series of one-way ANOVAs were 

conducted with trait worry as between-subject factor and the net-score of the particular blocks 

as dependent variable. After adjusting for multiple comparisons using the Bonferroni 

correction no significant effect was found. Note however, that without Bonferroni correction 

the effect of trait worry on Block 5 scores was significant (F[2, 47]=3.96, p<.05, η2 = .15), 

and post-hoc tests (Games-Howell test) revealed that subjects with high level of worry had 

higher IGT net score than those with low level of worry (p<.01). 

 

Figure 2.2. IGT net score for each block and for different levels of PSWQ. 

2.2.2.4. Effect of trait worry and trait anxiety on IGT performance – regression analyses 

The interplay of trait worry and trait anxiety was analysed by conducting a series of 

multiple hierarchical linear regression analyses. The results related to the three different net 

scores are presented in Table 2.2. When entered solely to the regression models, the IGT 

performance measures were not related to either trait worry or trait anxiety (all βs < .12 and 

all ps > .40 with the exception of Step 1a, predictor: STAI-T, criterion: net scorer trial 1-40: β 

= .23, p = .10). Moreover, no significant effects emerged after partialling out the shared 

variance of trait worry and trait anxiety (i.e. there are no significant βs or Sobel-tests in Table 

2.2.).  

Albeit none of the effects is statistically significant, an interesting opposite pattern of 

partial effects emerged. After controlling their shared variance, trait anxiety is positively, 
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whereas trait worry is negatively associated with the net score for trials 1-40 (Step 2, STAI-T: 

β = .38, p = .051; Step 2, PSWQ: β = -. 21, p = .26). In contrast, trait anxiety is negatively, 

whereas trait worry positively associated with the net score for trials 41-100 (Step 2, STAI-T: 

β = -.26, p = .18; Step 2, PSWQ: β = .29, p = 0.13).  

Model  Model 

parameters 
 Predictor parameters  Sobel- 

test 

 R2 F-test Predictor β B SE B VIF  z 

   Criterion: net score - trial 1-100    

Step 1a  .01 0.05  STAI-T   .03    0.092 0.408    

Step 1b  .01 0.63  PSWQ   .11    0.240 0.303    

Step 2  .01 0.39  STAI-T  -.08 -0.220 0.549  1.8    0.84 

     PSWQ    .17    0.349 0.410  1.8  -0.39 

   Criterion: net score - trial 1-40    

Step 1a  .05 2.76  STAI-T    .23    0.241 0.145    

Step 1b  .01 0.06  PSWQ    .04    0.028 0.111    

Step 2  .08 2.04  STAI-T    .38+  0.389 0.194 1.8  -1.11 

     PSWQ   -.22  -0.165 0.145 1.8   1.90+ 

   Criterion: net score - trial 41-100    

Step 1a  .01 0.19  STAI-T  -.06 -0.149 0.341    

Step 1b  .01 0.70  PSWQ  .12   0.212 0.253    

Step 2  .05 1.27  STAI-T -.26 -0.609 0.451 1.8   1.48 

     PSWQ   .29   0.515 0.336 1.8  -1.31 

Table 2.2. Hierarchical linear regression analyses of the effect of trait worry and trait anxiety on net score 

performance measures of the Iowa Gambling Task 

Note. PSWQ: Penn State Worry Questionnaire; STAI-T: Spielberger State-Trait Anxiety Inventory Trait version; 

B: regression coefficient; SE B: standard error of the regression coefficient; β: standardized regression 

coefficient; VIF: Variance Inflation Factor. In Step 1a and Step 1b, trait worry and trait anxiety are entered 

separately to the regression model, whereas in Step 2, they are entered together. 
+:p < .1, *:p < .05, **:p < .01; 

The differences between the effects of the two anxiety measures on the first and the 

second stage of the IGT are also reflected in the hierarchical regression analyses involving 

ELI and LLI, reported in Table 2.3. Trait anxiety is negatively associated with switching to 

the advantageous decks in the first phase of the task (criterion: ELI, Step 1a, STAI-T: β = -

.31, p = .03), whereas it positively predicts learning performance in the second part of the task 

(criterion: LLI, Step 1a, STAI-T: β = .31, p = .03). In contrast, trait worry is not related to ELI 

(Step 1b, PSWQ: β = -.10, p = .51), but it is associated with LLI (Step 1b, PSWQ: β = -.43, p 

= .002). This somewhat complicated pattern becomes more interpretable when the shared 
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variance of the anxiety measures is partialled out in Step 2 of the hierarchical regression 

analysis. Regarding ELI, the negative link between trait anxiety remains significant (Step 2, 

STAI-T, β = -.45, p = .02), whereas the effect of trait worry does not reach significance (Step 

2, PSWQ, β = .20, p = .27). In the case of the LLI, the positive effect of trait worry remains 

unchanged after partialling out the shared variance of the two constructs (Step 2, PSWQ: β = 

.40, p = .029 ). In contrast, the link between trait anxiety and ELI diminishes after controlling 

for trait worry ((Step 2, STAI-T: β = .05, p = .79).   

In the case of ELI, STAI-T acted as a suppressor variable: when entering into the 

regression model, it increased the partial effect of PSWQ as compared to its zero-order 

correlation between PSWQ and ELI (Step 1b, PSWQ: β = -.10, p = .51; Step 2, PSWQ, β = 

.20, p = .27, Sobel-z = -2.89, p = .004). Despite the significant change in the effect of PSWQ 

(as indicated by the Sobel-test), it failed to reach the level of significance also in Step 2, 

which limits the reliability of the observed suppressor effect.  The hierarchical regression 

models with LLI as criterion revealed a mediation effect: after controlling the effect of 

PSWQ, the significant zero-order correlation between STAI-T and LLI diminished (Step 1a, 

STAI-T: β = .31, p = .03; Step 2, STAI-T: β = .05, p = .79, Sobel-z =2.35, p = .02).  

Model  Model 

parameters 
 Predictor parameters  Sobel- 

test 

 R2 F-test Predictor β B SE B VIF  z 

   Criterion: early learning index    

Step 1a  .10 5.18  STAI-T  -.31*  -0.380 0.167    

Step 1b  .01 0.44  PSWQ  -.10  -0.087 0.130    

Step 2  .12 3.21*  STAI-T  -.45* -0.545 0.223 1.8   1.08 

     PSWQ   .20    0.184 0.167 1.8  -2.89** 

   Criterion: late learning index    

Step 1a  .10 5.12*  STAI-T   .31*    0.367 0.162    

Step 1b  .18 10.75**  PSWQ   .43**    0.377 0.115    

Step 2  .18 5.301**  STAI-T   .05  0.054 0.209 1.8    2.35* 

     PSWQ   .40*    0.350 0.156 1.8    0.25 

Table 2.3. Hierarchical linear regression analyses of the effect of trait worry and trait anxiety on learning 

in the early and late phases of the Iowa Gambling Task  

Note. PSWQ: Penn State Worry Questionnaire; STAI-T: Spielberger State-Trait Anxiety Inventory Trait version; 

B: regression coefficient; SE B: standard error of the regression coefficient; β: standardized regression 

coefficient; VIF: Variance Inflation Factor. In Step 1a and Step 1b, trait worry and trait anxiety are entered 

separately to the regression model, whereas in Step 2, they are entered together. 

+:p < .1, *:p < .05, **:p < .01; 
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2.3. Discussion of Study 3 

The current study investigated the impact of anxiety and worry on decision-making as 

measured by the IOWA gambling task. Regarding the relationship between trait worry and 

IGT performance, we were able to replicate the results of Mueller et al (2010), who suggested 

that worrying involves the exaggerated processing of future negative events and this explains 

high worriers’ superior performance. In accordance with this claim, high worriers tended to 

select more from advantageous decks at the end of the game and their switch from bad to 

good decks was most pronounced at the second part of the game, as evidenced by the 

ANOVA-analysis involving low/medium/high levels of trait worry, and also by the significant 

predictive power of PSWQ on LLI in the multiple linear regression analysis.  

Regarding the interplay of trait worry and trait anxiety in the different phases of the 

task, mixed results were found. We predicted that trait worry is associated with performance 

in the second phase of the IGT. In support of our prediction, trait worry was related to 

learning in the second phase of the task (LLI), when cognitive control processes are required. 

We could not, however, observe a suppressor situation: controlling the shared variance of the 

two measures yielded a simple mediation effect: the zero-order correlation between trait 

anxiety and the LLI was accounted for by the effect of trait worry. Furthermore, we were 

unable to demonstrate a significant effect of trait worry on the ‘net score’ computed for the 

second phase of the task.   

Two unexpected findings were also observed. We predicted that due to declarative 

elaboration on choices, trait worry will be negatively related to learning in the first phase of 

the task (i.e. ELI). In contrast, learning in this early stage was negatively related to trait 

anxiety, but not to trait worry. One explanation might be that, contrary to our hypothesis, in 

this early phase of the task, learning is impaired not by declarative elaboration on choices, but 

by the alteration of somatic markers caused by the higher physiological reactivity for 

punishments.  Supposing that punishment sensitivity and this alteration is better represented 

by the STAI-T than the PSWQ, then ELI is expected to be linked to STAI-T and not to trait 

worry. This hypothesized link between trait anxiety and alteration of somatic markers is 

supported by the results of Miu et al. (2008). They observed an abnormal pattern of somatic 

reactivity during the IGT, and suggested that trait anxiety might be associated with the 

“uncoupling” of somatic markers from decision-making performance. As the somatic markers 

might be more important in the first part of the task (Bechara et al., 1997), this might explain 
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the negative correlation between trait anxiety and ELI. Further research testing this 

explanation is warranted. 

 Second, the partial effects of trait worry and trait anxiety showed an opposite partial 

effects when predicting net score for the different parts of the task: net score for trials 1-40 

was positively associated with trait anxiety and negatively with trait worry. In contrast, 

opposite pattern was observed for the net-score for trials 41-100, which was negatively 

associated with trait anxiety and positively with trait worry. Albeit the interpretation of this 

pattern would be not straightforward because of a lack of statistical significance, it would be 

interesting to examine this pattern in future studies as it might support the different 

association of trait anxiety and trait worry to the automatic and controlled processes 

underlying IGT-performance.  

As a major limitation, the general low performance level of the IGT shall be 

mentioned and explained. The average total net score in our sample is not higher than the 

pathological performance level identified by Bechara and A. R. Damasio (2002). This low 

performance level is not unusual in studies using IGT, and can be explained by IGT’s 

sensitivity to task-characteristics (Balodis, MacDonald, & Olmstead, 2006). For example, 

cues that direct attention to certain aspects of the task are very important (e.g. using different 

colours or a happy/sad face after gains/losses or a bar presenting the subject’s overall 

earnings). In this respect, our IGT-variant was characterized by a minimalist design, with less 

emphasis on these types of cues. This may have made the task harder and the learning curve 

more flat.  

Some further limitations shall be taken into account when interpreting and 

generalizing our results. Subjects from different universities might have different socio-

economic and cultural background, which may cause differences in both their anxiety level 

and in their approach to a task with monetary reward. Similarly, gender differences are found 

both in anxiety (e.g. Egloff & Schmukle, 2004) and in IGT performance (Bolla et al., 2004; 

Reavis & Overman, 2001). Thus further research should clarify, whether gender or 

socioeconomic variables interact with anxiety level in determining IGT performance. 

Additionally, since incentive compatibility was not assured it is not sure whether subjects’ 

behaviour reflected their real behaviour habits.   
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2.4. Conclusions 

The results of Study 3 indicate that participants with high levels of trait worry perform 

better in the IGT, than participants with low levels of worrying. The good decision-making 

performance associated with trait worry was characteristic in the second phase of the task, 

when cognitive control processes are presumably required for good decision-making 

performance. This suggests that the beneficial effects of worrying on the task might be 

mediated by controlled processing and cognitive control. The positive effect of trait worry 

was not overshadowed by the opposite effects of trait anxiety, thus we did not observe a 

suppressor situation. 
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3. The interplay of trait worry and trait anxiety in 

determining performance in “classic” tasks of cognitive 

control (Thesis 3) 

3.1. Theoretical background 

As summarized in Section 1 of Chapter 1, current theories explain the adverse effects 

of anxiety on task performance through the relative balance of the goal-driven and the 

stimulus-driven attentional system: According to the attentional control theory (Eysenck et al, 

2007), trait anxiety can be characterized by a shift of attention toward the stimulus-driven 

attentional system, and this affects tasks in which goal-driven attention plays a role – typically 

tasks requiring controlled processing and cognitive control. Attentional control theory also 

states, however, that trait anxiety does not necessarily impair task performance, just that the 

utilization of processing resources will be less efficient.  This means that the increased 

influence of the stimulus-driven attentional system will not lead inevitably to decreased task-

performance, because high trait anxious individuals can compensate with enhanced effort and 

by using more processing resources—if they are motivated to do so (Eysenck & Calvo, 1992, 

Eysenck et al., 2007).   

On the other hand, cognitive control might underlie one specific component of 

anxiety, worrying. Worrying is termed the cognitive aspect of anxiety (Liebert & Morris, 

1967), a perseverative cognitive activity (Brosschot et al., 2006), or a problem-solving 

activity focusing on future threats (Borkovec et al., 1983). Moreover, Barlow (2000) 

suggested that worrying might be associated with the planning function associated with 

anxiety, and Price and Mohlman (2007) suggested that cognitive control might be required 

during worrying to use it as a tool for cognitive avoidance (for an overview of the 

hypothesized association between trait worry and cognitive control see Section 3.3 in Chapter 

1). Thus the related constructs of trait worry and trait anxiety might exert an opposite effect 

on cognitive control, yielding a suppressor situation – a phenomenon, which I have already 

dealt with in detail in Section 4.2 in Chapter 1.  

The aim of the work summarized in this thesis point was to investigate the 

hypothesized opposite effects of trait worry and trait anxiety on the performance of tasks 

requiring cognitive control. Investigating this issue is complicated by the fact, that there is a 



76 

broad range of functions or operations, which are subsumed under the umbrella term of 

cognitive control (as summarized in Section 1 of Chapter 1.). Different theories emphasize 

different aspects of these operations, and thus different tasks are put forward to measure 

cognitive control. Even methodological aspects might play a role: the n-back task (see 

description later) is a hallmark task of working memory in neuroimaging studies (for a 

review, see Owen et al., 2005), because its characteristics (e.g. the high number of repeatable 

trials) make it suitable for efficient data collection with fMRI. Kane, Conway, Miura, and 

Colflesh (2007) note, however, that performance on the n-back task is only weakly correlated 

with the operation span task, an often used complex WM-span task.  To overcome these 

concerns about the different conceptualizations of cognitive control, two studies were 

conducted which different tasks related to cognitive control were used. 

In Study 4, two WM span tasks were used: the Digit Span Task (DST) and the 

Listening Span Task (LST). The DST is a short term memory task in which subjects are 

required to immediately repeat a sequence of digits. In the LST, participants have to make 

verification judgements about sentences presented and at the same time have to note the last 

word of the sentence. After the last sentence, the last word of each sentence is to be recalled. 

The number of presented items can be varied manipulating memory load in both tasks. The 

crucial difference between the two tasks is that the DST requires only the retention of the 

items, whereas the LST has also a concurrent processing demand: besides retaining the last 

words of the sentence, subjects also have to make verification judgements.  

According to the classic WM model of Baddeley (Baddeley, 1986; Baddeley & Hitch, 

1974; see also Section 1.1.1 of Chapter 1), the DST requires only the phonological loop, 

whereas due to concurrent processing demands, the LST taxes the resources of the central 

executive. Similarly, the executive attention view posits that retention of the digit-sequences 

in the DST requires only routine rehearsal strategies to maintain access to the activated part of 

the LTM, and thus requires conscious, executive attention only to a small extent. In contrast, 

in the LST, access to the representations of the to-be-recalled words has to be maintained in 

face of continuous interference caused by the verification task. As executive attention is 

especially important for maintaining access to information in face of interference (e.g. Engle 

& Kane 2004, see also Section 1.1.3 of Chapter 1), the performance in the LST is determined 

to a large extent by executive attentional resources.  
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In Study 5, the n-back task and the verbal fluency task was used. In the n-back task, 

subjects are presented with a continuous stimulus sequence and they are required to signal if 

the currently presented stimulus matches the stimulus presented n times ago (e.g. in the 2-

back task, subjects have to signal if the current stimulus matches the stimulus presented two 

stimuli ago). The task is a paradigmatic working memory task, because it requires multiple 

simultaneous mental operations: the online maintenance of items in short-term memory, the 

continuous updating of the item sequence and the comparison of the current item with 

previous items. Its characteristics (e.g. the high number of repeatable trials) is suitable for 

fMRI designs, thus it is one of the most popular WM task used in neuroimaging tasks (for a 

review, see Owen et al., 2005).   

In the verbal fluency task, the subject is required to list words beginning with a 

specific letter (letter fluency) or belonging to the same category (categorical fluency). In 

Study 5, we focused on letter fluency, because the majority of studies found that letter fluency 

was impaired after frontal lobe lesions, but not after temporal lobe lesions (e.g. Coslett, 

Bowers, Verfaellie, & Heilman, 1991; Miller, 1984 but see Vilkki & Holst, 1994; Randolph, 

Braun, Goldberg, & Chase, 1993). There are some inconsistencies in this pattern, however, 

which were attributed by Troyer, Moscovitch, and Winocur (1997) to the fact that the verbal 

fluency score (i.e. the number of generated words) reflects two processes: clustering and 

switching. Clustering involves the generation of words with similar phonemic characteristics 

(e.g. arm-art, sat-seat-sought), whereas switching involves the generation of a word with new, 

distinct phonemic characteristics (e.g. arm-seat, art-sought). Clustering involves relatively 

automatic processes which do not require cognitive control processes and it is not sensitive to 

frontal lobe damage. In contrast, switching is a relatively effortful process involving cognitive 

flexibility and the implementation of efficient search strategies, thus it requires cognitive 

control processes, and accordingly, it is also more sensitive to frontal lobe damage (Troyer et 

al., 1997 Troyer, Moscovitch, Winocur, Alexander, & Stuss 1998; Troyer, 2000). Besides, the 

letter fluency task can be linked the functions of the SAS, as new items have to be generated 

in face of highly activated representations of recently produced words (modelling the function 

of the SAS to replace the automatic contention-scheduling mechanism) (Baddeley, 1996). 

Thus, these tasks all tap different aspects of cognitive control. DST requires only 

active maintenance, whereas the LST also requires concurrent processing and resistance to 

interference. The n-back task involves also concurrent processing and the updating of the 

representations of WM. Finally, the letter fluency task requires cognitive flexibility and 
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generation of effective strategies for generating new words and might model the functions of 

the SAS.  

In line with Section 4.3 of Chapter 1, a positive correlation between trait worry and 

task performance was predicted. Moreover an interplay between trait worry and trait anxiety 

was also expected: that is, after controlling the effect of trait anxiety, the link between trait 

worry and cognitive control is expected to increase. Because of the differences of the tasks, 

the pattern of results might shed light on the question which, if any, cognitive control process 

is related to trait worry. For example, if the positive link between trait worry and cognitive 

control is observed selectively for the n-back task, than updating of WM-content can be 

related to trait worry.  

 3.2. Study 4. The effect of trait worry and trait anxiety on working 

memory span tasks 

3.2.1. Method 

3.2.1.1. Participants 

The sample consisted of 50 participants, 35 female, Mage = 22.60 years, SDage = 2.30, 

range = 19-29. They were undergraduate students of the Budapest University of Technology 

and Economics and the Eötvös Loránd Science University. They participated for partial 

credit. Data on the Listening Span was lost for three participants.  

3.2.1.2. Material  

Trait worry was measured with the PSWQ (Meyer et al, 1990, Hungarian version: 

Pajkossy et al., in press), whereas trait anxiety with the STAI-T (Spielberger et al, 1970, 

Hungarian version: Sipos & Sipos, 1983). 

The digit-sequences used in DSP were presented in Racsmány, Lukács, Németh, and 

Pléh (2005), and we used the sentences in LST, which were adapted to Hungarian by 

Janacsek, Tánczos, Mészáros, and Németh (2009).  

3.2.1.3. Procedure.  

Participants first conducted the DST, then the LST and finally filled in the two 

questionnaires. In the DST, the experimenter read out the digits, with approximately one 
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second pause between them. After the last digit, subjects tried to repeat the sequence, and the 

experimenter wrote the digits on a sheet of paper. The number of digits varied from three to 

seven, and four different sequence of each length were presented. First the four sequence-

exemplars of the 3-digit sequences were presented, followed by the four 4-digit sequences, 

and so forth, until the four 7-digit exemplars. If the participant was able to repeat 50% of the 

trials correctly for all sequence-length (from three to seven), then he was also tested with the 

sequence-length of 8, and if reaching the 50% rate, also with the sequence-length of 9. 

In the LST, the experimenter read out the sentence and noted the judgement of the 

participant (whether the sentence was true or false). After the sentences, the participants were 

asked to recall the last words of the sentences. The numbers of the sentences varied between 

two and six, and three trials with each span-length were presented. If the participant was able 

to recall the words in 66% of the trials for all span-length (from two to six), then he/she was 

tested also with span-length of 7 and in the case of successful performance, also with span-

length of 8.  

3.2.1.4. Data analysis 

The scoring for both tasks was similar to the scoring used in factor-analytic studies 

using these and similar tasks (e.g. Conway, Cowan, Bunting, Therriault, & Minkoff; 2002; 

Engle, Tuholski, Laughin, & Kane, 1999): the performance score was the cumulative number 

of recalled words or digits from the perfectly recalled trials. For example, if a participant 

recalled two digit sequences with a length of three digits, and one digit-sequence with a length 

of four digits, then his digit-span score would be 2*3+1*4 = 10. Thus, the maximum score 

was 60 in the LST, and 100 in the DST. In the LST, participants with error rate over 15% in 

the verification task were excluded (see Conway et al., 2002; Engle et al, 1999).  

Continuing the DST and the LST for well-performing participants after reaching the 

span-length of 7 and 6, respectively, served to avoid possible ceiling effects. The performance 

level, however, was under 80% for all tasks, thus I opted to follow the scoring protocol used 

in factor-analytic studies, and disregard data from these trials. 

The hierarchical regression analyses described in Section 4.3 of Chapter 1 were 

performed to test the interplay of trait worry and trait anxiety on both the DST and the LST 

score.  
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Besides, in the LST, the number of incorrectly recalled words were also recorded and 

categorized as an intrusion error from previous lists (previous list intrusion, PLI) or intrusion 

error from other sources (extralist intrusion, ELI). Both PLI and ELI might reflect the degree 

to which the retrieval is disrupted by interference from previous trials or other sources, and 

thus might also be related to interference-control.   

The distribution of both the PLI and ELI intrusion errors had a significant positive 

skew, thus the interplay of trait worry and trait anxiety was investigated by comparing two 

groups built based on the relative magnitude of PSWQ and STAI-T (see Section 1.5). 

  3.2.2. Results 

3.2.2.1. Descriptive statistics.  

The mean PSWQ-score was 45.54 (SD = 13.15), whereas the mean STAI-T score was 43.24 

(SD = 8.77). The PSWQ and STAI-T were correlated (r = .76, p < .001). One participant had 

an error rate of 27% on the verification task of the LST, thus and was thus excluded. The 

LST-score was M = 32.65, SD = 10.72, whereas the DST-score was 79.14, SD=14.97. In the 

LST, the average number of PLI intrusions was M = 1.02, SD = 1.26, whereas the average 

number of ELI intrusions was M= 0.59, SD = 0.91. There was a moderate correlation between 

the DST-score and the LST-score (r = .39, p = .007).  

3.2.2.2. The interplay of trait worry and trait anxiety on simple and complex span 

performance – multiple linear regression 

The results of the hierarchical regression analyses are presented in Table 3.1. Neither 

trait worry, nor trait anxiety exerted a significant effect on the DST score (STAI-T, Step 1a: β 

= 0.11, p = .45; PSWQ: Step 1b: β = .07, p = 0.62). No significant relationship emerged after 

controlling the shared variance of the two constructs in Step 2, when entering the PSWQ and 

the STAI-T together into the regression model (STAI-T, Step 2: β = .13, p = .56; PSWQ: Step 

2: β = -.03, p = 0.90). The same was true for the LST-score. No significant effect of either 

trait worry or trait anxiety emerged in either Step 1 or Step 2 (STAI-T, Step 1a: β = -.08, p = 

.58; PSWQ, Step 1b: β = .08, p = .59; STAI-T, Step 2: β = .05, p = .83; PSWQ, Step 2: β = 

.04, p = .87) 
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Model  Model 

parameters 
 Predictor parameters  Sobel- 

test 

 R2 F-test Predictor β B SE B VIF  z 

   Criterion: DST score    

Step 1a  .01 0.68  STAI-T   .11   0.187 0.245    

Step 1b  .01 0.24  PSWQ   .07   0.081 0.164    

Step 2  .01 0.29  STAI-T   .13 0.225 0.380  2.4   -0.13 

     PSWQ  -.03   -0.033 0.253  2.4      0.59 

   Criterion: LST score    

Step 1a  .01 0.31  STAI-T   .08   0.101 0.183    

Step 1b  .01 0.28  PSWQ   .08   0.064 0.120    

Step 2  .01 0.16  STAI-T   .05 0.065 0.297 2.6  0.15 

     PSWQ   .04   0.031 0.195  2.6.    0.21 

Table 3.1. Hierarchical linear regression analyses of the effect of trait worry and trait anxiety on the digit 

span task and the listening span task  

Note. DST: Digit Span Task; LST: Listening Span Task; PSWQ: Penn State Worry Questionnaire; STAI-T: 

Spielberger State-Trait Anxiety Inventory Trait version; B: regression coefficient; SE B: standard error of the 

regression coefficient; β: standardized regression coefficient; VIF: Variance Inflation Factor. In Step 1a and Step 

1b, trait worry and trait anxiety are entered separately to the regression model, whereas in Step 2, they are 

entered together. 

+:p < .1, *:p < .05, **:p < .01; 

 

3.2.2.3. The interplay of trait worry and trait anxiety on simple and complex span 

performance – intrusion errors 

The PSWQres-value, representing the relative level of PSWQ to STAI-T was 

calculated for each participant with both method described in Section 1.5: (1) using 

parameters from the large pooled sample of Study 1-2 and (2) using residuals from regressing 

STAI-T on PSWQ in the current sample. Two groups with each computation method were 

built: participants, who have PSWQres values above the 66th centile were assigned to the 

PSWQres_HIGH group. In contrast, participants who have PSWQres values below the 33th 

centile were assigned to the PSWQres_LOW group. Different cut-offs and groups were built 

for the two computation method of PSWQres.  We will refer to this by using the marker 

‘S1S2’ for scores or groups associated with computations based on the pooled sample of 

Study 1-2, and using the marker ‘S5’ for scores or groups associated with computations based 

on the sample of the present study. The means for PSWQ, STAI-T, PLI-intrusions and ELI 

intrusions for these groups are presented in Table 3.2.  
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Table 3.2. Descriptive statistics related to comparisons of intrusions error. 

The number of PLI and ELI intrusions was compared between these two groups using 

the Mann Whitney U-test, which does not assume the normality of the dependent variable. 

Using the first computation method of residuals, it was found that participants in the 

PSWQres_HIGH_S1S2 group committed significantly less PLI intrusion errors than the 

participants in the PSWQres_LOW_S1S2 group (M = 0.65, SD = 1.06, and M = 1.69, SD = 

1.40, respectively, U = 76.50, z = -2.33, p = .02). Similarly, participants in the 

PSWQres_HIGH_S1S2 group committed less ELI intrusion errors than participants in the 

PSWQres_LOW group_S1S2 (M = 0.88, SD = 0.89, and M = 0.35, SD = 0.70, respectively, U 

= 86.00, z = -2.02, p = .04). Using the second computation method, the difference in PLI 

intrusion remained significant (PSWQres_HIGH_S5: M = 0.73, SD = 1.10; 

PSWQres_LOW_S5, M = 1.80, SD = 1.37; U = 61.50, z = -2.26, p = .02), but there was no 

significant difference between the groups regarding the number of ELI intrusions 

(PSWQres_HIGH_S5: M = 0.40, SD = 0.74; PSWQres_LOW_S5,  M = 0.87, SD = 0.92; U = 

77.00, z = -1.65, p = .10).  

3.3. Study 5.  The effect of trait worry and trait anxiety on 2-back and 

3-back task and on verbal fluency   

3.3.1. Method 

3.3.1.1. Participants 

The sample consisted of 88 participants, 47 female, Mage = 23.12 years, SD = 3.74, 

range = 18-39. Forty-four participants, 24 female, Mage = 21.66 years, SD = 1.98, range = 18-

28, were undergraduate students of the Budapest University of Technology and Economics, 

participating for partial credit in introductory psychology courses. The remaining 44 

participants, 23 female, Mage = 24.70 years, SD = 4.44, range = 19-39, were undergraduate 

M SD M SD M SD M SD

PSWQres_LOW_S5 15 35.20 10.61 42.20 8.98 1.80 1.37 0.87 0.92

PSWQres_HIGH_S5 15 55.07 11.38 43.13 8.52 0.73 1.10 0.40 0.74

PSWQres_LOW_S1S2 16 35.56 10.35 42.25 8.68 1.69 1.40 0.88 0.89

PSWQres_HIGH_S1S2 17 55.41 10.74 44.12 8.48 0.65 1.06 0.35 0.70

N
PSWQ STAI-T PLI-intusions ELI-intrusions
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students of the Pázmány Péter Catholic University, recruited on a voluntary basis by three 

research assistants.   

3.3.1.2. Material  

Trait worry was measured with the PSWQ (Meyer et al., 1990, Hungarian version: 

Pajkossy et al., in press), whereas trait anxiety with the STAI-T (Spielberger et al., 1970, 

Hungarian version: Sipos & Sipos, 1983). 

The n-back task was delivered by the software Presentation (Neurobehavioral Systems 

Inc, Albany, CA), and was run on a PC.  

3.3.1.3. Procedure.  

During the n-back task, we presented participants with a stimulus sequence, each 

stimulus being a digit between one and five. Subjects were instructed to indicate by pressing 

the SPACE key if the presented digit matches the digit presented two or three digits ago (2-

back or 3-back condition). The task began with five blocks of the 2-back condition, and was 

followed by five blocks of the 3-back condition. All blocks contained 30 trials. The first three 

stimuli were never targets. From the fourth trial, targets (i.e. digits matching the digit 

presented two or three trials earlier) appeared with a chance of 33 percent. Beside these 

restrictions, the presented digit was chosen randomly. If the participant responded to the target 

by pressing the SPACE key, then the following three stimuli were again restricted to be non-

targets (i.e. digits which do not match the digit presented two or three trials earlier). In the 

first blocks for both conditions (i.e. the first and the sixth block) feedback was provided after 

the responses of the participants to ensure that they have understood the instructions.    

In the verbal fluency task, participants were instructed to name many words as 

possible beginning with the letters “F”, “A” and “S”. For each letter, 60 sec was given to the 

participants to generate as many words, as possible. Participants were also told that they had 

to avoid inflected forms and proper nouns. For the subsample of undergraduates recruited 

from the Budapest University of Technology and Economics, the experimenter noted all 

overtly spoken word on a sheet of paper. For the subsample of undergraduates recruited from 

the Pázmány Péter Catholic University, only the number of generated words was recorded.  
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3.3.1.4. Data analysis.  

Separate hit rate was calculated for both the 2-back and the 3-back condition by 

dividing the number of correctly indicated targets by the overall number of presented targets4. 

Data from blocks with feedback were omitted. Data for the n-back task were lost for five 

participants.  In the letter fluency task, the number of generated words was averaged for the 

three letters, yielding the letter fluency score.  

For assessing the tendency of the subjects for switching and clustering in the letter 

fluency task, the scoring applied by Troyer (2000) was used. Cluster size was counted from 

the second word in a cluster, thus a cluster containing three similar words had a cluster size of 

2, whereas a cluster of one single word had a cluster size of 0. After computing the sizes of all 

clusters for a participant, mean cluster size was calculated. The number of transitions between 

clusters was taken as the number of switches. As these analyses require the transcript of the 

words generated, it was only performed for the subsample of undergraduates recruited from 

the Budapest University of Technology and Economics.  

The hierarchical regression analyses described in Section 4.3 of Chapter 1 were 

performed to test the interplay of trait worry and trait anxiety on the dependent variables 

described above. Because gender is associated with both better verbal fluency (e.g. Weiss et 

al., 2006) and higher levels of anxiety and worry (Holaway et al., 2006), in the regression 

analyses involving mean letter fluency, a third step of analyses was also performed, where 

gender was also entered as a dummy variable (0: male, 1: female). Besides, in Step 3, another 

potential confounding variable was controlled for: the subjects were recruited from different 

                                                 
4 One important aspect of n-back performance is the withholding of response during trials in which the presented 

item is only one position away from being a target (e.g. in a 3-back task, the same item appears as two items 

ago). The inhibition of response in such lure trials is strongly related to cognitive control (see e.g. Kane et al, 

2007). Unfortunately we did not manipulate this factor systematically, and thus the number of such lure trials 

was not controlled for. Because the design of the task only fixed the probability of encountering a target, 

different number of lure trials were presented for different participants (as the identity of the presented digit was 

only restricted by the 33% chance of being a target). Nevertheless, we calculated the false alarm rate for these 

lure trials, and examined its relation with trait worry and trait anxiety – no significant relationship emerged. We 

opted not to report this analysis, however, because the number of such lure trials varied between 2 and 10, and 

their appearance was not temporally balanced. Thus the possibility cannot be excluded that the lack of effect is 

due to these methodological weaknesses.  
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universities, and their motivation might have also differed, thus a further dummy variable 

representing this difference was entered into the regression analyses (volunteering: 0, 

receiving partial credit: 1).  

3.3.2. Results and Discussion 

3.3.2.1. Descriptive statistics.  

The mean PSWQ-score was 43.56 (SD = 12.56), whereas the mean STAI-T score was 

41.03 (SD = 8.22). The two measures were strongly correlated (r = .67, p < .001). Hit rate for 

the 2-back task was 93.37 % (SD = 7.11), whereas hit rate for the 3-back task was 85.89 

percent (SD = 14.01). The mean of letter fluency score was 16.56 (SD = 4.18).  

3.3.2.2. The effect of trait worry and trait anxiety on verbal fluency performance 

The results of the regression analyses are presented in Table 3.3. The effect of trait 

worry and trait anxiety did not significantly influence the number of generated words in the 

letter fluency task when entered as sole predictor in Step 1a and Step 1b, respectively  (trait 

anxiety: Step 1a: β = -.11, p = .30; trait worry: Step 1b: β = .14, p = .18). Controlling the 

shared variance of the two constructs in Step 2, however, resulted in significant opposite 

effects (trait anxiety:  β = -.38; p = .008, trait worry: β = .40; p = .005). This indicates a 

suppressor situation, which is also evidenced by the results of the Sobel-tests (STAI-T, Step 

1a: β = -.11, p = .30; STAI-T, Step2 β = -.38; p = .008, Sobel-z = 2.71, p = .007; PSWQ, Step 

1b, β = .14, p = .18, PSWQ, Step 2: β = .40; p = .005, Sobel-z = 2.23, p = .02). Moreover, the 

opposite effects of trait anxiety and trait worry remained significant in Step 3, after 

controlling for gender and reward for participation (model fit: F[4, 83] = 4.67, p < .05; trait 

anxiety: B = -0.138, SEB = 0.064, β  = -.27, p = .04; trait worry: B = 0.120, SEB = 0.044, β  = 

.36, p = .008).  
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Model  Model 

parameters 
 Predictor parameters  Sobel- 

test 

 R2 F-test Predictor β B SE B VIF  z 

   Criterion: hit rate 2-back    

Step 1a  .01 0.10  STAI-T  .04   0.001 0.001    

Step 1b  .01 0.46  PSWQ  .08   0.001 0.075    

Step 2  .01 0.24  STAI-T -.03 -0.001 0.001 1.83    0.99 

     PSWQ  .09   0.001 0.001 1.83   -0.99 

   Criterion: hit rate 3-back    

Step 1a  .01 0.15  STAI-T  -.04   -0.001 0.002    

Step 1b  .01 0.41  PSWQ  .07   0.001 0.001    

Step 2  .02 0.82  STAI-T   .-17 -0.003 0.003 1.83    0.99 

     PSWQ   .18  0.002 0.002 1.83   -0.99 

   Criterion: letter fluency score    

Step 1a  .01 1.08  STAI-T  -.11 - 0.057 0.055    

Step 1b  .02 1.81  PSWQ  .14   0.048 0.036    

Step 2  .10 4.69*  STAI-T -.38** -0.192 0.071 1.82  2.71* 

     PSWQ   .40**  0.132 0.046 1.82  -2.57 * 

Table 3.3. Hierarchical linear regression analyses of the effect of trait worry and trait anxiety on the n-

back task and the verbal fluency task 

Note. PSWQ: Penn State Worry Questionnaire; STAI-T: Spielberger State-Trait Anxiety Inventory Trait version; 

B: regression coefficient; SE B: standard error of the regression coefficient; β: standardized regression 

coefficient; VIF: Variance Inflation Factor. In Step 1a and Step 1b, trait worry and trait anxiety are entered 

separately to the regression model, whereas in Step 2, they are entered together. 

+:p < .1, *:p < .05, **:p < .01; 

3.3.2.3. The effect of trait worry and trait anxiety on clustering and switching in the letter 

fluency task 

In the subgroup recruited from the Budapest University and Economics, the effect of 

trait worry and trait anxiety on switch number and cluster size was investigated using 

hierarchical regression analyses. Mean cluster size was M = 0.38 (SD = 0.21), whereas mean 

switch number was M = 33.36 (SD = 7.68). 

As presented in Table 3.4., a significant suppressor situation emerged when predicting 

switch number (STAI-T, Step 1a: β = -.11, p = .49; STAI-T, Step2 β = -.53; p = .014, Sobel-z 

= 2.62, p = .008; PSWQ, Step1b: β = .20, p = .18, PSWQ, Step 2: β = .58; p = .007, Sobel-z = 

-2.40, p = .02). No effect of either trait worry or trait anxiety emerged when predicting cluster 
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size. This pattern of results is not surprising, because letter fluency score was strongly related 

to switch number (r = .73, p < .001), but was unrelated to cluster size (r = .13, p = .40).  

Model  Model 

parameters 
 Predictor parameters  Sobel- 

test 

 R2 F-test Predictor β B SE B VIF  z 

   Criterion: switch number    

Step 1a  .01 0.49  STAI-T  -.11 -0.096 0.137    

Step 1b  .04 1.82  PSWQ   .20   0.124 0.092    

Step 2  .18 4.36*  STAI-T -.53* -0.469 0.182 2.06    2.62** 

     PSWQ   .58**   0.354 0.124 2.06   -2.40* 

   Criterion: cluster size    

Step 1a  .01 0.03  STAI-T  -.03    0.001 0.004    

Step 1b  .01 0.33  PSWQ  -.09   -0.002 0.003    

Step 2  .01 0.21  STAI-T   -.14 -0.002 0.006 2.06   .0.49 

     PSWQ    .07  -0.002 0.004 2.06   -0.33 

Table 3.4. Hierarchical linear regression analyses of the effect of trait worry and trait anxiety on the n-

back task and the verbal fluency task 

Note. PSWQ: Penn State Worry Questionnaire; STAI-T: Spielberger State-Trait Anxiety Inventory Trait version; 

B: regression coefficient; SE B: standard error of the regression coefficient; β: standardized regression 

coefficient; VIF: Variance Inflation Factor. In Step 1a and Step 1b, trait worry and trait anxiety are entered 

separately to the regression model, whereas in Step 2, they are entered together. 

+:p < .1, *:p < .05, **:p < .01; 

3.3.2.4. The effect of trait worry and trait anxiety on n-back performance.  

The results of the regression analyses are presented in Table 3.3. Step 1a and Step 1b 

of the hierarchical regression analysis indicate that the level of trait worry and trait anxiety do 

not influence the hit rate in either the 2-back task or in the 3-back task (2-back, trait anxiety:  

β = .04, p = .74; 2-back, trait worry: β = .08, p = .50; 3-back, trait anxiety:  β = -.04, p = .70; 

3-back, trait worry: β = .07, p = .52). Neither did trait worry or trait anxiety predict 2-back or 

the 3-back performance in Step 2, after controlling their shared variance (2-back, trait anxiety:  

β = -.03; p = .86, 2-back, trait worry: Step 2: β = .09; p = .53; 3-back, trait anxiety:  β = -.16; p 

= .27, 3-back, trait worry: Step 2: β = .18; p = .23). No significant effect emerged in Step 3 

either when gender and reward motivation was entered into the regression models (data not 

reported).  
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3.4. Discussion of Study 4 and Study 5 

The results of Study 4-5 indicate that in accordance with the first main hypotheses of 

this dissertation, there is an association between trait worry and cognitive control. This effect, 

however, was not present in all tasks under investigation, but was rather specific for the letter 

fluency task. Moreover, in accordance with the second main hypothesis of the dissertation, the 

positive link between trait worry and performance in the letter fluency task was overshadowed 

by the opposite effect of trait anxiety, yielding a suppressor situation: the zero-order 

correlations of the letter fluency score with trait worry and trait anxiety, respectively, were 

weak and nonsignificant. After partialling out the shared variance of the two anxiety 

measures, however, they exerted a strong opposite effect.  

Regarding the switching and clustering components of the letter fluency performance, 

it was found that the switching component, but not the clustering component was related to 

the number of generated words. This is not surprising, because in the letter fluency task, 

switching between the many phonetically possible subcategories (e.g. si_, sa_, or se_) is a 

very important and effective strategy, whereas the role for clustering is not as significant (Ho 

et al., 2002). In accordance with this, the interplay between trait worry, trait anxiety and the 

letter fluency score was observed only for the number of switches, but not for cluster size.  

This indicates that trait worry is positively linked to the cognitive flexibility and effective 

strategy initiation associated with the switching component.  

In contrast to the verbal fluency task, the interplay between trait worry and trait 

anxiety was not observed when predicting the performance on either the n-back task or in any 

of the two WM-span tasks. Interestingly, although neither trait worry nor trait anxiety was 

associated with performance on the listening span task, the analysis of the intrusion errors 

suggested, that if the effect of trait anxiety is held constant, a negative association emerges 

between trait worry and intrusion errors. Due of the skewed distribution of the dependent 

variable, this effect was demonstrated by comparing participants with relatively high vs. low 

levels of PSWQ score compared to STAI-T score. Participants with relatively high PSWQ 

score committed significantly less errors than participants with relatively low PSWQ score 

(for ELI intrusions, this difference was only significant with one of the two computation 

methods of PSWQres). 
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This latter result can be interpreted using the framework of Unsworth and Engle 

(2007). They linked two crucial processes to WM: active maintenance of information in 

primary memory and the retrieval of necessary information from secondary memory. 

Intrusion errors in a WM task reflect this second process. Unsworth and Engle suggest that 

during recall in the complex span tasks, subjects use internally generated context cues to 

activate the to-be-recalled items, and individual differences in WM tasks results partly from 

the capacity to constrain the search set to exclude items from previous trials, which share 

temporal-contextual cues. As they put it, proactive interference in the complex span builds 

because “the context cues used to delimit the search set to current items also activate items 

from previous trials” (Unsworth & Engle, p 110). Thus, the partial effect of trait worry on 

intrusion errors, which was observed in the DST, might be related to the ability of effectively 

delimiting the search set to the relevant temporal-contextual cues.  

Thus, the predicted relationship between trait worry and cognitive control was only 

observed in the letter fluency task and in relation with intrusion errors in the listening span 

task. This points out to a rather specific link between trait worry and retrieval processes – 

these were investigated in more detail in the work summarized in the thesis points 4-5.  

 

3.5. Conclusions 

The results of Study 4-5 indicate that there is no general link between trait worry and 

performance in “classic tasks” of cognitive control. A clear indication for a suppressor 

situation, however, was found in the verbal fluency task: controlling the shared variance of 

trait worry was related to better, whereas trait anxiety was associated with worse verbal 

fluency performance. Moreover, the positive link between trait worry and verbal fluency was 

mediated by a component of semantic retrieval which is linked to frontal lobe function 

(flexible switching during the semantic retrieval process). Finally, once the effect of trait 

anxiety was held constant, higher levels of trait worry were associated with lower levels of 

intrusion errors.  
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4. Trait worry, trait anxiety and episodic memory: the role of 

strategic retrieval (Thesis 4) 

4.1. Theoretical background 

4.1.1. Self-cued and environmentally-cued retrieval  

Episodic memory refers to our ability to remember personally-experienced past events 

and during episodic retrieval we recollect and reconstruct details of past experiences and 

episodes (Tulving, 1983).  This retrieval process is thought to be directed by retrieval cues, 

which interact with the previously stored memory representation to establish and trigger its 

recall (Conway & Pleydell-Pearce, 2000; Moscovitch, 1994). The retrieval cue and the stored 

memory representation, also called engram, together establish the conscious re-experiencing 

of a previous event, a process called ecphory (Tulving, 1983). From this follows that the act 

of remembering is not only dependent on the existence of the engram, but also on the 

appropriate retrieval cue (Tulving & Pearlstone, 1966).  If the retrieval cue is available to the 

subject (e.g. it is present in the environment) and is effective in activating the engram, than 

the process of ecphory is thought to occur in an automatic, ballistic manner. In other cases, 

however, a controlled, effortful search process is required, whereby subjects have to generate 

potential retrieval cues and monitor their effectiveness in accessing the engram (Brand & 

Markowitsch, 2008; Conway & Pleydell-Pearce, 2000; Moscovitch, 1994; Petrides, 1996;). 

Accordingly, cognitive control is not required for episodic memory in cases of 

environmentally-cued retrieval, that is when the retrieval cue is available to the individual 

(e.g. it is present in the environment) and is effective in activating the memory representation 

(e.g. there is a strong association between cue and target). Such situations are modelled in 

cued recall or recognition tests. In both cases, subject is presented with an appropriate 

retrieval cue: in the former case, an item must be retrieved with the help of associated 

information, whereas in the latter case, subjects have to decide whether they have already 

seen an object or person (thus the retrieval cue is the to-be-retrieved information itself).  

Contrary to this, in cases of self-cued retrieval, that is when no retrieval cue is given, 

cognitive control processes are required to start an effortful search process, whereby 

individuals generate potential retrieval cues and monitor their effectiveness in accessing the 
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memory representation (Brand & Markowitsch, 2008; Conway & Pleydell-Pearce, 2000; 

Moscovitch, 1994; Petrides, 1996). This situation is tested in the free recall task, where 

individuals have to retrieve details of past experience without any help.  

Thus episodic memory tasks relying on self-cued retrieval and episodic memory tasks 

relying on environmentally-cued retrieval differ only in one critical processing step, as the 

former requires cognitive control to the generation and evaluation of potential retrieval-cues, 

whereas the latter does not. This approach of selectively linking cognitive control functions to 

free recall—and not to recognition—is supported by neuropsychological data showing that 

lesions of the prefrontal cortex seriously impair free recall performance, whereas they cause 

only mild deficits in recognition performance (for a review see Wheeler, Stuss, & Tulving, 

1995).   

According to current computational models of free recall, an important part of the 

controlled search during free recall is the reinstatement of temporal context (e.g. the temporal 

context model, Howard & Kahana, 1999, Howard & Kahana, 2002; Sederberg, Howard, & 

Kahana, 2008). According to these models, items are associated with the gradually changing 

internal context during the study period, and this internal context is reinstated during retrieval 

to produce retrieval cues.  The process of context reinstatement is evidenced by the temporal 

clustering observed in free recall, also called contiguity effect: items studied in temporal 

proximity tend to be recalled successively (Kahana, 1996).  

4.1.2. The interplay of trait worry and trait anxiety in predicting episodic 

retrieval  

As summarized in Section 4 of Chapter 1, two contrasting tendencies can be identified 

concerning the relationship between trait anxiety, trait worry and cognitive control: On the 

one hand, trait anxiety is associated with preferential processing of worrisome thoughts or 

threatening stimuli and thus impairs cognitive control (Eysenck & Calvo 1992; Eysenck et al., 

2007). On the other hand, trait worry is suggested to be related to good cognitive control 

abilities, which enable high worriers to engage in perseverative mental problem-solving 

(Barlow, 2002, Borkovec et al., 1983; Brosshot et al., 2006) cognitive avoidance of 

threatening information (Price & Mohlmann, 2007) and systematic information processing 

(Dash et al, 2013).  Because the constructs of trait anxiety and trait worry are strongly related 

thus they might cancel out or weaken each other's effect. Based on this, research summarized 
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in this thesis point had two main hypotheses: First, we predicted that the specific trait of 

worrying will be associated with good cognitive control abilities and thus with good 

performance on episodic memory tasks requiring self-cued retrieval (Hypothesis 1). Second, 

we hypothesized to observe a suppressor situation and thus predicted that controlling for the 

shared variance of trait anxiety and trait worry will increase or even reveal the positive link 

between trait worry and self-cued retrieval and the negative link between trait anxiety and 

self-cued retrieval (Hypothesis 2). In tasks requiring environmentally-cued retrieval, which do 

not require cognitive control, none of these effects were expected. 

In the following, a set of three studies will be presented, all investigating the interplay 

of trait anxiety and trait worry on memory tasks requiring self-cued versus environmentally-

cued retrieval. In Study 6, performance on a free recall task and a recognition task was 

contrasted using verbal material. Study 7 contrasted the same tasks, but the to-be remembered 

items were pictorial stimuli (pictures of famous actors). Then, in Study 8, a free recall task 

and cued recall task was contrasted using verbal material. Finally, additional analyses will be 

presented which test whether the hypothesized link between trait worry and free recall is due 

to better contextual reinstatement of the study episode. Because the analysis of temporal 

clustering requires large sample sizes (Kahana, 1996; Sederberg, Miller, Howard, & Kahana, 

2010), it was investigated by pooling together data from the three studies. 

The role of perfectionism was also taken in account, as a potential confounding 

variable. This personality trait involves high standards of performance with critical evaluation 

of one’s behaviour (Frost, Marten, Lahart, & Rosenblate, 1990), and thus might be associated 

with striving and enhanced motivation to perform well in laboratory tasks (Stöber & Otto, 

2006). Because worry and perfectionism are associated (Stöber & Joormann, 2001), any 

finding related to the hypothesized positive link between trait worry and task performance 

might be due to high worriers' higher motivation and task-effort. If this is the case than the 

positive link between trait worry and performance will be present in all task and not only in 

the free recall task. Besides, in Study 7, the role of perfectionism was investigated using a 

self-report questionnaire. 

Because women are associated with both higher levels of anxiety and worry (Holaway, 

et al., 2006), and with better episodic memory performance (Herlitz, Nilsson, & Baeckman, 

1997), the possible mediator role of gender was controlled for in all three studies.  
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4.2. Study 6. The effect of trait worry and trait anxiety on free recall 

and recognition – verbal material 

In this study, self-cued retrieval was assessed by a free recall task, whereas 

environmentally-cued retrieval was assessed by a recognition task.  We predicted that higher 

levels of trait worry will be associated with better memory performance in free recall, because 

cognitive control is required to perform the task (Hypothesis 1). We also predicted to observe 

a suppressor situation, that is, after partialling out their shared variance, the effect of trait 

worry and trait anxiety on free recall performance should change significantly: trait worry is 

expected to be related more positively, whereas trait anxiety more negatively to  free recall 

performance (Hypothesis 2). As cognitive control plays a minor role in recognition 

performance, we did not expect any of these effects to occur when predicting the performance 

of the recognition task.  

4.2.1. Method 

4.2.1.1. Participants.  

Data were collected from 96 participants, all recruited from the Budapest University of 

Technology and Economics. They participated in the experiment for partial credit in 

introductory psychology courses. Two of them were excluded due to random responding in 

the recognition task, thus data from 94 participants, 44 female, Mage = 21.79 years, SD = 2.07, 

range = 19-32, were analysed.  

4.2.1.2. Material.  

Trait worry was measured with the PSWQ (Meyer et al., 1990, Hungarian version: 

Pajkossy et al, in press), whereas trait anxiety with the STAI-T (Spielberger et al., 1970, 

Hungarian version: Sipos & Sipos, 1983). 

For the memory tasks, we created four lists of 12 moderately frequent words based on 

a Hungarian word frequency norm (Kónya & Pintér, 1985).  

4.2.1.3. Design.  

We presented each participant with one list selected at random from four different 

lists. To avoid carry-over effects, we varied task type between subjects (i.e., a between-
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subject design): forty-eight participants, 25 female, Mage = 21.73 years, SD = 2.20, range = 

19–32, completed the free recall task (recall group), whereas 44 participants, 18 female, Mage 

= 21.69, SD = 1.96, range = 19–27, completed the recognition task.  

4.2.1.4. Procedure.  

Participants were tested individually in a laboratory setting. Each word was displayed 

on a computer screen for two seconds with a one second inter item interval, and participants 

were instructed to memorise them. The words of a given list were presented in the same order 

in each instance. Following this, participants had to solve simple mathematical problems for 8 

minutes. After this delay period, in the free recall task participants were asked to recall the 

previously presented words and write them down on a sheet of paper. In the recognition task, 

we presented participants with a list containing the 12 words presented earlier together with 

the remaining 36 words, and they had to indicate on a booklet whether a given item had been 

presented during learning or not.  The order of the words in this second list was the same for 

all participants. After completing the memory task, participants filled out the questionnaires 

and were debriefed. 

4.2.1.5. Data analysis.  

Free recall performance was measured by recall percentage, whereas for the 

recognition task, hit rates and false alarm rates were calculated. In addition, we applied signal 

detection theory (Green & Swets, 1966) to calculate sensitivity index values (d’) from hit rate 

and false alarm rate (recognition sensitivity). Analyses conducted by using hit and false alarm 

rates did lead to similar results as those using recognition sensitivity in all three studies, thus, 

throughout this paper we report only analyses using recognition sensitivity. 

To test our hypothesis, a series of hierarchical linear regression analyses were run. The 

first two steps of these analyses were described in Section 4.3 of Chapter 1.  

Given the fact that participants learned different word lists, their memory performance 

might have been determined to some extent by differences between the relative difficulties of 

the four lists.  The variables representing memory performance might therefore be clustered, 

which would violate the non-independence of observations assumption of ordinary least 

squares (OLS) regression.  To correct for this, following the advice of Cohen et al. (2003), we 

incorporated the clustered structure into the model in Step 3, by entering three dummy 
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variables representing the list learned by the individual participant. Another dummy variable 

was entered to control for the possible mediator role of gender. 

There was a mild positive skew in the distribution of recall percentage, resulting in 

non-normal distribution and heteroscedasticity of the residuals, thus we used log-transformed 

values of recall percentage in all regression analyses. 

4.2.2. Results and Discussion 

4.2.2.1. Descriptive statistics.  

 The mean total score for the entire sample was 43.13 (SD = 13.57) for PSWQ, and 

39.91 (SD = 9.27) for STAI-T.  Mean recall percentage in the recall group was 38.54% (SD = 

20.96). In the recognition group, the mean was 79.36% (SD = 17.75) for hit rate, 12.37% (SD 

= 11.53) for false alarm rate, and 2.26 (SD = 0.86) for recognition sensitivity. PSWQ and 

STAI-T were correlated in both groups (recall group:  r = 0.75, p < 0.001; recognition group: 

r = 0.83, p < 0.001).  

4.2.2.2. The effect of trait worry and trait anxiety on memory performance.  

The first two steps of the hierarchical regression analysis are shown in Table 4.1. In 

the recall group, supporting Hypothesis 1, higher levels of trait worry predicted better free 

recall performance, when entered as sole predictor in Step 1b (β = .29, p < .048). The 

predictions of Hypothesis 2, however, were only partially confirmed by the Sobel-tests: 

controlling the shared variance of trait worry and trait anxiety in Step 2 by entering them 

together into the regression equation significantly altered the effect of trait anxiety (Step 1a: β 

= .12; Step 2: β = -.21; Sobel-z = 2.23, p = .03), but not the effect of trait worry (Step 1b: β = 

.29; Step 2: β = .45; Sobel-z = -0.99, p = .32) on recall percentage. Moreover, although the 

effect of trait anxiety changed significantly after controlling for trait worry, the partial effect 

of trait anxiety itself did not differ significantly from zero (β = -.21, p = .32). It seems thus, 

that the positive link between trait worry and cognitive control influenced strategic recall to a 

higher extent than predicted, whereas the negative link between trait anxiety and cognitive 

control played less of a role, than expected. 

The results of the Step 2 model must be interpreted with some caution due to 

insufficient model-fit, F(45, 2) = 2.57, p = .09, but the regression coefficients remained 

unchanged in Step 3  (trait anxiety: B = -0.006, SEB = 0.005, β  = .59, p = .23; trait worry: B = 
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0.007, SEB = 0.003, β  = .43, p = .034), where accounting for the recall effects of list-difficulty 

improved model-fit, F(47, 6) = 3.08, p = .01. The significant positive link between trait worry 

and recall percentage was not mediated by gender, because in Step 3, the effect of gender was 

controlled for.  

Contrary to the recall group, trait worry failed to predict memory performance in the 

recognition group (Step 1b: β = .09, p = .54), and controlling for the shared variance of trait 

worry and trait anxiety did not change the effect of either trait anxiety (Step 1a: β = .01; Step 

2: β = -.22; Sobel-z = 0.99, p = .31) or trait worry (Step 1b: β = .09; Step 2: β = .28; Sobel-z = 

-0.78, p = .43) on recognition sensitivity. This pattern of results remained unchanged after 

entering gender and the dummy variable representing list-difficulty (trait anxiety: B = -0.011, 

SEB = 0.030, β = -.11, p = .71; trait worry: B = 0.009, SEB = 0.020, β = .13, p = .68; model fit: 

F(43, 6) = 0.98, p = .45). Thus, the link between trait worry and good performance was 

specific to the free recall task, and was not present in the case of the recognition task. Because 

only the former requires cognitive control, our results support the link between trait worry and 

good cognitive control abilities. They also speak against the confounding role of 

perfectionism, because this must have affected recognition sensitivity too. One could argue, 

however, that enhanced task effort is more important in tasks requiring strategic processing, 

and so the level of perfectionism might mediate the relationship between self-cued memory 

performance and worrying. Moreover, our results could be explained by stimulus 

characteristics: Worry is associated with verbal-linguistic processing (Sibrava & Borkovec, 

2006), thus high worriers, due to their verbal predominance and their extensive and often used 

verbal-semantic network,  might be more effective in either the encoding or the retrieval of 

verbal stimuli (e.g. by making more effective associations between the presented words), and 

this could have contributed to good retention of verbal stimuli in Study 6. To replicate the 

results of Study 6 and to rule out these alternative explanations, we conducted Study 7. 
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Model  Model 

parameters 
 Predictor parameters  Sobel- 

test 

 R2 F-test Predictor β B SE B VIF  z 

   Criterion: recall percentagea    

Step 1a  .01 0.65  STAI-T   .12   0.003 0.003    

Step 1b  .08 4.11*  PSWQ   .29*   0.005 0.002    

Step 2  .18 2.57+  STAI-T  -.21 -0.005 0.005  2.2    2.23* 

     PSWQ   .45*   0.007 0.003   2.2   -0.99 

   Criterion: recognition sensitivity    

Step 1a  .01 0.01  STAI-T  .03    0.001  0.016    

Step 1b  .01 0.37  PSWQ  .09    0.006  0.010    

Step 2  .02 0.51  STAI-T  -.22 -0.022 0.028  3.1    0.99 

     PSWQ   .28    0.018 0.018   3.1   -0.78 
Table 4.1. Hierarchical linear regression analyses of the effect of trait worry and trait anxiety on recall 

percentage and recognition sensitivity in Study 6.  

Note. PSWQ: Penn State Worry Questionnaire; STAI-T: Spielberger State-Trait Anxiety Inventory Trait version; 

B: regression coefficient; SE B: standard error of the regression coefficient; β: standardized regression 

coefficient; VIF: Variance Inflation Factor. In Step 1a and Step 1b, trait worry and trait anxiety are entered 

separately to the regression model, whereas in Step 2, they are entered together. 

 a 
Log transformed values of recall performance were used. 

+:p < .1, *:p < .05, **:p < .01; 

 

4.3. Study 7. The effect of trait worry and trait anxiety on free recall 

and recognition – pictorial material 

We again contrasted free recall and recognition, as analogues of self-cued and 

environmentally-cued retrieval. This time, however, pictorial stimuli, faces of well-known 

actors and actresses, were presented to the participants. To rule out the role of high 

perfectionism and increased motivation, the level of perfectionism and recall time was also 

measured. Because it plays a central and causal role in theories dealing with anxiety and 

cognition (Eysenck et al., 2007; Zeidner, 1998), beside gender, we also controlled for the 

level of current, state anxiety. Our hypotheses were similar to those of Study 6.  
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 4.3.1. Method 

4.3.1.1. Participants.  

One-hundred and fourteen participants, 54 female, Mage = 21.40 years, SD = 2.26, 

range = 18-34) were recruited from the Budapest University of Technology and Economics. 

They participated in exchange for partial credit in introductory psychology courses. 

4.3.1.2. Material.  

In addition to the measures used in Study 6, we used the state anxiety subscale of the 

State Trait Anxiety Questionnaire (STAI-S, Spielberger et al., 1970, Hungarian version: Sipos 

& Sipos, 1983). It consists of 20 items describing physiological and psychological signs of 

anxiety and the participant had to rate, to which extent they experience these signs at the 

moment. To measure perfectionism we used the Frost Multidimensional Perfectionism Scale 

(FMPS; Frost et al., 1990).  The questionnaire consists of 35 items and 6 subscales.  The 

items are scored on a five point scale ranging from 1 (strongly disagree) to 5 (strongly agree). 

We used only the Personal Standards subscale (FMPS-PS), because this subscale is associated 

with success orientation or achievement motivation (Stöber & Otto, 2006). The scale has no 

Hungarian version; the seven items included in the subscale were translated to Hungarian for 

the purposes of the present study. 

The role of perfectionism was investigated also by measuring the time spent on both 

the free recall and recognition task.  Because the test was self-paced in both cases, we 

assumed that the time spent on recalling or recognizing items would reflect the motivation or 

effort to recall or recognize as many items as possible. 

The stimuli for both the free recall and the recognition tasks were presented using the 

software Presentation (Neurobehavioral Systems Inc, Albany, CA).  For the memory tasks, in 

a pilot study, we selected 74 faces of famous actors, actresses and musicians, all of which 

were well-known by the majority of our undergraduate student population. The pictures were 

taken from free internet databases.  

4.3.1.3. Design.  

Recall type was varied between subjects: fifty-six participants, 24 female, Mage = 21.55 

years, SD = 2.27, range = 19–34, completed the free recall task (recall group), whereas 58 
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participants, 27 female, Mage = 21.22 years, SD = 2.23, range = 18–30, completed the 

recognition task (recognition group).   In the recall group, FMPS-PS data for two participants, 

whereas STAI-S scores for three participants are missing. 

4.3.1.4. Procedure.  

During a stimulus selection procedure preceding the learning phase, participants were 

asked to identify the pictures (i.e., provide the name belonging to the face). If a participant 

could not identify 28 faces, a second selection round was initiated in which, if the participant 

requested, the experimenter helped by providing the first name of the famous person. When 

unable to identify 28 pictures in the two selection rounds, participants (22 altogether) were 

excluded from the experiment. 

In the subsequent learning phase, 14 of the selected 28 faces were selected at random 

and presented in a random order.  Otherwise, the learning and delay phase was identical to 

Study 6. After the delay phase, the free recall or the recognition task was performed.  In the 

free recall task, participants had to recall the names belonging to the faces presented and enter 

them via a keyboard.  In the recognition task, all 28 faces were presented and participants 

were asked to indicate with a key-press whether they recognized the faces presented during 

the learning phase.  The order of the 28 faces was randomized for each participant. During the 

recall phase, no time constraint was imposed and the questionnaires were filled out between 

the selection and the learning phases.   

4.3.1.5. Data analysis.  

All analyses were identical to those conducted in Study 6. The only difference was 

that in Step 3 of the hierarchical regression analyses, a broader range of potential confounders 

were controlled: besides gender, we also entered FMPS-PS, STAI-S, time spent on the task 

and a dummy variable representing whether the given participant could identify the 28 faces 

already in the first round or not. Similar to Study 6, this dummy variable was entered because 

we again expected the observations of memory performance to cluster: participants naming 

the 28 faces in the first round of the selection phase are expected to outperform those who 

succeeded only in the second round due to their superior prior knowledge. 
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4.3.2. Results and Discussion 

4.3.2.1. Descriptive Statistics.  

The mean total score was 40.39 (SD = 13.87) for PSWQ, 37.48 (SD = 12.39) for 

STAI-T, 37.39 (SD = 12.79) for STAI-S and 16.95 (SD = 4.74) for FMPS-PS, computed also 

for the entire sample.  Participants in the recognition group had significantly lower STAI-T 

and PSWQ scores, than participants in the recall group (STAI: M = 34.02, SD = 14.16 and M 

= 41.07, SD = 9.05, respectively, t(97.4) = 3.16, p = .002; PSWQ: M = 37.71, SD = 14.10 and 

M = 43.18, SD = 13.17, respectively, t(112) = 2.14, p = .04). Trait worry was correlated with 

trait anxiety in both groups (recall group: r = .73, p <.001; recognition group: r = .80, p < 

.001).  Mean recall percentage in the recall group was 62.50% (SD = 19.84).  In the 

recognition group, the mean was 88.55% (SD = 9.83) for hit rate, 13.42% (SD = 14.72) for 

false alarm rate, and 2.48 (SD = 0.78) for recognition sensitivity.  

4.3.2.2. The effect of trait worry and trait anxiety on memory performance.  

The result of the first two steps of the regression analyses are shown in Table 4.2.  

Contrary to Hypothesis 1, trait worry was not associated with higher recall percentage in Step 

1b (β = .08, p = .55). In line with Hypothesis 2, however, we observed a suppressor situation: 

controlling their shared variance significantly altered the effect of both anxiety measures, and 

as a consequence, both trait worry and trait anxiety became a significant predictor of recall 

percentage in Step 2 (trait anxiety: Step 1a: β = -.17; Step 2: β = -.50; Sobel-z = 2.24, p = .03; 

trait worry: Step 1b: β=.08; Step 2: β= .44; Sobel-z = -2.59, p = .01). Thus, in contrast to 

Study 6, trait worry was linked to better performance in strategic retrieval only after 

controlling for trait anxiety, which seems to be caused by a stronger, and negative, effect of 

trait anxiety cancelling out the positive effect of trait worry. Regardless of this differences, we 

could demonstrate the link between trait worry and free recall performance also using 

pictorial stimuli, thus the positive partial effect of trait worry on free recall did not depend 

solely on the verbal nature of the to-be-learned material. 

Importantly, the opposite partial effects of trait anxiety and trait worry remained 

significant in Step 3, after entering state anxiety, gender, perfectionism and time on task (trait 

anxiety: B = 0.009, SEB = 0.003, β = .59, p = .004; trait worry: B = 0.009, SEB = 0.003, β = 

.59, p = .004; model fit: F(42, 5) = 3.17, p = .02), indicating that the demonstrated pattern is 

independent of these factors.   
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In contrast to recall percentage, and in line with our predictions, in the recognition 

group, recognition sensitivity was not related to trait worry in Step 1b (β = .04, p = .77), and 

controlling for their shared variance did not alter either the effect of trait anxiety (Step 1a: β = 

-.05; Step 2: β = -.24; z = 1.07, p = .28) or the effect of trait worry (Step 1b: β = .04; Step 2: β 

= .23; Sobel-z = -1.07, p = .28) on recognition sensitivity. Neither of the two anxiety 

measures exerted a significant effect on recognition sensitivity in Step 3 (trait anxiety: B = 

0.003, SEB = 0.003, β = .05, p = .004; trait worry: B = 0.004, SEB = 0.002, β = .11, p = .004; 

model fit: F(42, 5) = 3.17, p = .02). 

Model  Model 

parameters 
 Predictor parameters  Sobel- 

test 

 R2 F-test Predictor β B SE B VIF  z 

   Criterion: recall percentage    

Step 1a  .03 1.67  STAI-T   -.17   -0.004 0.003    

Step 1b  .01 0.35  PSWQ    .08    0.001 0.002    

Step 2  .12 3.66*  STAI-T  -.50* -0.011 0.004  2.1    2.24* 

     PSWQ   .44*   0.007 0.003   2.1   -2.59* 

   Criterion: recognition sensitivity    

Step 1a  .01 0.17  STAI-T - .05    -0.003  0.007    

Step 1b  .01 0.08  PSWQ  .04    0.002  0.007    

Step 2  .02 0.61  STAI-T  -.24 0.013 0.012  2.8    1.07 

     PSWQ   .23    -0.013 0.012   2.8   -1.07 
Table 4.2. Hierarchical linear regression analyses of the effect of trait worry and trait anxiety on recall 

percentage and recognition sensitivity in Study 7.  

Note. PSWQ: Penn State Worry Questionnaire; STAI-T: Spielberger State-Trait Anxiety Inventory Trait version; 

B: regression coefficient; SE B: standard error of the regression coefficient; β: standardized regression 

coefficient; VIF: Variance Inflation Factor. In Step 1a and Step 1b, trait worry and trait anxiety are entered 

separately to the regression model, whereas in Step 2, they are entered together. 

+:p < .1, *:p < .05, **:p < .01; 

 

The first two studies used a between-subject design, thus differences between the 

groups could have caused the different effects of the anxiety measures on self-cued and on 

environmentally-cued retrieval (e.g. in Study 7, the average level of both trait anxiety and trait 

worry was higher in the recall group). Moreover we used in both studies a recognition task to 

assess environmentally-cued retrieval. Recognition, however, is a less demanding task, than 

free recall, thus ceiling effects might have also contributed to the lack of effect seen in 

environmentally-cued retrieval (in both studies high hit rate and low false alarm rate was 

observed). Thus we conducted a third study using a within-subject design and a different, 

more demanding task for environmentally-cued retrieval.  



102 

4.4. Study 8. The effect of trait worry and trait anxiety on free recall 

and cued recall – verbal material 

In Study 8, instead of a recognition task, environmentally-cued retrieval was assessed 

by a paired-associates learning paradigm. Participants learnt word-pairs, and in the test phase, 

they were presented with one word (cue-word) and were required to name its pair (target 

word) from the learning phase. We refer to this task as cued recall task, because a strongly 

associated cue word directs the retrieval process. This task requires more effort than a 

recognition task, but the retrieval process is still directed by a cue directly presented to the 

participant. The assessment of self-cued retrieval and our hypotheses were similar to the 

previous studies.  

 4.4.1. Method 

4.4.1.1. Participants.  

Forty-seven undergraduate students volunteered, 30 female, Mage = 22.09, SD = 2.00, 

range = 19-28. 

4.4.1.2. Material.  

To measure trait worry and trait anxiety, the instruments used in Study 6 were applied.  

Based on a Hungarian word frequency norm (Kónya & Pintér, 1985), two sets of 14 

unassociated word pairs were constructed, all words being moderately frequent nouns and all 

pairs containing two words from different categories.  

4.4.1.3. Design.  

Task type (free vs. cued recall) was varied within-subject. One of the word-pair lists 

was used in the cued recall task, whereas the target-words from the other word-pair list were 

used in the free recall task. Pairing of the word-pair lists with the memory task was 

counterbalanced, as was the order of the memory tasks.  

 4.4.1.4. Procedure.  

To reduce proactive interference effects, participants filled out the questionnaire-

battery including PSWQ and STAI-T between the two memory tasks. Each word-pair in the 
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cued recall task and each word in the free recall task was shown for four seconds on a 

computer screen with no inter item interval. The delay period lasted five minutes. Then, in the 

free recall task, participants were asked to write down the previously presented words on a 

sheet of paper, whereas in the cued recall task, we presented them the cue word and asked 

them to write down the target word. The order of presentation of the to-be-learned material in 

the learning phase, and the cue-words in the test phase was the same for all participants.  

During the recall phase, no time constraint was imposed, and the experimenter measured time 

spent on recalling the words in both tasks.  

4.4.1.5. Data analysis.  

All analyses were identical to previous studies except for Step 3 of the hierarchical 

linear regression analyses: besides controlling for the potential confounding role of gender 

and time on task, in Step 3 we also entered a dummy variable representing task order, because 

this might have affected recall-levels and thus causing the clustering of the observations.  

4.4.2. Results and Discussion 

4.4.2.1. Descriptive Statistics.  

Mean total score of the anxiety measures were similar to those found in Study 6 and 7 

(PSWQ: M = 45.16, SD = 13.07, STAI-T: M = 43.77, SD = 10.16), and the correlation 

between them was again high (r = 0.61, p < 0.001).  Recall percentage was higher for the cued 

recall task as compared to the free recall task (M = 65.50, SD = 29.08, and M = 50.61, SD = 

26.59, respectively, t(12) = 3.72, p < .001)  

4.4.2.2. The effect of trait worry and trait anxiety on memory performance.  

The results of the first two steps of the hierarchical regression analyses are shown on 

Table 4.3. Contrary to Hypothesis 1, there was only a tendency relating trait worry to better 

free recall performance in Step 1b (β = .25, p = .09), and in line with Hypothesis 2, 

controlling for their shared variance in Step 2 significantly altered the effect of both trait 

anxiety and trait worry on recall percentage in the free recall task (trait anxiety: Step 1a: β = -

.18; Step 2: β = -.54; Sobel-z = 3.18, p = .001; trait worry: Step 1b: β = .25; Step 2: β = .59; 

Sobel-z = -2.91, p = .004).  The pattern of results remained the same also in Step 3, after 

controlling the effect of gender and task order (trait anxiety: B = -0.013, SEB = 0.004, β = -.50, 
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p = .004; trait worry: B = 0.011, SEB = 0.003, β = .52, p = .003; model fit: F(46, 5) = 5.02, p = 

.001).  

Trait worry was not related to cued recall performance in Step 1b (β = .03, p = .83), 

and controlling their shared variance did change the effect of neither trait anxiety (Step 1a: β 

= -.07; Step 2: β = -.15; Sobel-z = 0.74, p = .45) nor trait worry (Step 1b: β = .03; Step 2: β = 

.13; Sobel-z = -0.79, p = .42). Finally, none of the anxiety measures was related to cued recall 

performance in Step 3 (trait anxiety: B = -0.005, SEB = 0.006, β = -.18, p = .39; trait worry: B 

= 0.003, SEB = 0.005, β = .13, p = .52; model fit: F(46, 5) = 0.27, p = .92).    

Thus, we replicated the results of Study 7 using a within-subject design and a different 

task of environmentally-cued retrieval: trait worry was not correlated with recall percentage, 

but controlling its variance shared with trait anxiety changed the effect of both anxiety 

measures to become a strong predictor of recall percentage. This pattern was absent in the 

cued recall tasks, supporting our claim that the interplay of trait worry and trait anxiety is 

related only to self-cued retrieval.  

 

Model  Model 

parameters 
 Predictor parameters  Sobel- 

test 

 R2 F-test Predictor β B SE B VIF  z 

   Criterion: recall percentage (free recall)    

Step 1a  .03 1.53  STAI-T   -.18   -0.005 0.004    

Step 1b  .06 3.09+  PSWQ    .25+    0.005 0.003    

Step 2  .25 7.23*  STAI-T  -.54** -0.014 0.004  1.6    3.18** 

     PSWQ   .59**   0.012 0.003   1.6   -2.91** 

   Criterion: recognition sensitivity (cued recall)    

Step 1a  .01 0.25  STAI-T - .07    -0.002  0.004    

Step 1b  .01 0.05  PSWQ  .03    0.001  0.003    

Step 2  .02 0.34  STAI-T  -.15 -0.022 0.028  1.6    0.74 

     PSWQ   .13    0.018 0.018   1.6   -0.79 
Table 4.3. Hierarchical linear regression analyses of the effect of trait worry and trait anxiety on recall 

percentage and recognition sensitivity in Study 8.  

Note. PSWQ: Penn State Worry Questionnaire; STAI-T: Spielberger State-Trait Anxiety Inventory Trait version; 

B: regression coefficient; SE B: standard error of the regression coefficient; β: standardized regression 

coefficient; VIF: Variance Inflation Factor. In Step 1a and Step 1b, trait worry and trait anxiety are entered 

separately to the regression model, whereas in Step 2, they are entered together. 
+:p < .1, *:p < .05, **:p < .01; 
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4.5. The role of temporal contiguity - additional analyses 

As already mentioned in Section 4.1.1, one often demonstrated phenomenon regarding 

the dynamics of free recall is the temporal contiguity effect, which is the strong tendency to 

successively recall those items, which were presented in close temporal proximity during the 

study period (Kahana, 1996, Howard & Kahana, 1999). This phenomenon was termed 

temporal contiguity effect or lag-recency effect and was first demonstrated by Kahana (1996), 

who plotted the conditional response probabilities of items as a function of lag between the 

study-position of the currently recalled item and the study-position of the previously recalled 

item (e.g. the lag of 2 refers to the case, when the currently recalled item has been presented 

two words after the previously recalled words). Such a lag-CRP function is depicted in Figure 

4.1A, taken from Kahana (1996), but very similar functions have been observed in other 

studies, too (e.g. Manning, Polyn, Baltuch, Litt, & Kahana, 2011; Sederberg et al., 2010). An 

effect of both temporal distance and temporal direction can be observed: there is a tendency to 

recall words successively from neighbouring positions, as indicated by the peak of the 

function around small lag values in the middle of the figure. Furthermore, there is also a 

forward bias, with a stronger association in the forward direction than in the backward 

direction, as indicated by the asymmetry of the function (i.e. it is more probable to recall 

items that were presented after the previously recalled item than to recall items which were 

presented before the previously recalled item).  

Based on this temporal contiguity effect, Howard and Kahana (2002) put forward the 

temporal context model, which states that during self-cued episodic retrieval the cueing 

process involves the reinstatement of the context during the study period (i.e. when the 

material to-be-recalled was encountered). This model has been further extended (Sederberg et 

al., 2008) and the temporal contiguity effect has been linked to a ‘neural signature’ recorded 

from the temporal lobe (Manning et al., 2011).  
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Figure 4.1. The temporal contiguity effect. (A) Computed and reported by Kahana (1996), based on the 

data of Murdock and Okada (1970). (B) Computed for the pooled sample of Study 6-8.  

Note: Error bars reflect 95% confidence intervals around each mean; x-axis: lag; y-axis: conditional response 

probability. 

Because temporal reinstatement might be one of the key processes, which guide the 

strategic retrieval in the free recall task, we examined whether the opposite effects of trait 

worry and trait anxiety on free recall performance are mediated by this temporal contiguity. 

For this aim, lag-CRP function for the free recall data from Study 6-8 was computed. Analysis 

of the lag-CRP function requires large sample size, and often involves several free recall trials 

for each participant (see e.g. Howard & Kahana, 1999, Exp 1, Kahana, Howard, Zaromb, & 

Wingfield, 2002, Exp 2). To compensate for the fact, that in Study 6 -8 only one list was 

recalled, the samples from Study 6-8 were pooled together. Nine participants were excluded 

from the analysis, as they did not have two consecutive correct recalls (e.g. recalled three 

words, with the second being an intrusion error). The sample size for this pooled sample was 

N= 142, the average free recall percentage was M = 53.02 (SD = 23.70). The lag-CRP 

function for this pooled sample is depicted in Figure 4.1B, which reveals the effect of both 

temporal proximity and temporal direction. The relatively large error bars also suggest that 

the sample size or the number of performed lists is still somewhat small.    

To investigate whether the interplay of trait worry and trait anxiety affects the lag-CRP 

function, PSWQres-value for each participant was computed using both methods described in 

Section 1.5: (1) using parameters from the large pooled sample of Study 1-2 and (2) using 

residuals from regressing STAI-T on PSWQ in this sample. Different cut-offs and groups 

were built for the two computation method of PSWQres.  We will refer to this by using the 

marker ‘S1S2’ for scores or groups associated with computations based on the pooled sample 

of Study 1-2, and using the marker ‘S6S8’ for scores or groups associated with computations 
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based on the pooled sample of Study 6-8. The means of PSWQ and STAI-T in these groups 

are reported in Table 4.4. 

 

 

 

 

 
 

Table 4.4. Mean and standard deviation of PSWQ and STAI-T for the PSWQres_HIGH and the 

PSWQres_LOW group. 

To examine whether the lag-CRP function differs between the PSWQres_HIGH_S1S2 

and the PSWQres_LOW_S1S2 group, a mixed design ANOVA was conducted with two 

nested within-subject factors (direction: forward vs. backward, distance: lag 1 to lag 6) and a 

between-subject factor (PSWQres-group: PSWQres_HIGH_S1S2 vs. PSWQres_LOW_S1S2). 

The results indicate a significant main effect for distance, F (5, 460) = 7.62, p < .001, η2 = .08, 

but a nonsignificant effect for direction, F (1, 92) = 0.51, p = .48, η2 = .005. There was also a 

significant main effect for PSWQres group, F (1, 92) = 5.08, p = .027, η2 = .05, and most 

importantly, a significant two-way interaction between distance and PSWQres-group, F (5, 

460) = 2.29, p = .045, η2 = .024. This significant interaction indicates that the partial effect of 

trait worry differently affects recall with different lags. As Figure 4.2 illustrates, this 

interaction might be driven by the fact, that PSWQres_HIGH_S1S2 group have higher CRP 

values by smaller lags, indicating that they can better reinstate the temporal context of the 

study period.  

M SD M SD

PSWQres_LOW_S1S2 47 35.26 8.65 42.62 9.38

PSWQres_HIGH_S1S2 47 55.83 11.12 43.06 9.14

PSWQres_LOW_S6S8 48 34.46 8.40 41.71 9.67

PSWQres_HIGH_S6S8 46 56.57 10.78 43.70 9.46

N
PSWQ STAI-T
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Figure 4.2. Lag-CRP effect for the PSWQres_HIGH and the PSWQres_LOW groups. 

Note: Error bars reflect standard error of the mean. PSWQres 

Conducting the same ANOVA with the groups of PSWQres built using the second 

computation method (i.e. PSWQres_HIGH_S6S8 vs. PSWQres_LOW_S6S8) yields slightly 

different results: we found again a significant main effect for distance, F (5, 460) = 6.71, p < 

.001, η2 = .068, but a nonsignificant effect for direction, F (1, 92) = 0.51, p = .51, η2 = .005. 

There was, however, no significant main effect for PSWQres group, F (1, 92) = 2.30, p = .133, 

η2 = .024, and most importantly, no significant two-way interaction between distance and 

PSWQres-group, F (5, 460) = 1.985, p = .080, η2 = .021. 

Because the interaction between PSWQres–groups and temporal distance failed to 

reach the level of significance with the second computation method, the hypothesis was also 

further examined using hierarchical regression analysis. For each participant, two new indices 
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were created, reflecting how many words they recalled from neighbouring study-positions and 

from distant study-positions, respectively.  

 The index for items recalled from temporal proximity (TEMP_PROX) was created by 

first counting the words which were recalled from a neighbouring position of the previously 

recalled item (the lag is not larger than three positions in either temporal directions). This 

count was then divided by the number of the studied items in the particular study to get the 

percentage of items recalled from temporal proximity (relative to all presented items).  

Similarly, the index for items recalled from temporal distance (TEMP_DIST) was 

created by first counting all words which were recalled from a temporally distant position 

than the previously recalled word (the lag is larger than three positions in either temporal 

directions). This count was then divided by the number of the studied items, to get an index 

for items recalled from temporal distance (TEMP_DIST). The mean for TEMP_DIST was M 

= 31.37 (SD = 14.76), whereas the mean for TEMP_PROX was M = 21.28 (SD= 16.42).   

To examine whether the effect of trait worry and trait anxiety are mediated by the 

recall of items from neighbouring study positions, it was examined whether the opposite 

effects of trait worry and trait anxiety on recall percentage changes after controlling the effect 

of TEMP_PROX and TEMP_DIST, respectively. Three multiple linear regression analyses 

were conducted, the criterion variable was the percentage of recalled words in all cases. 

In Model 1, the predictor variables were PSWQ, STAI-T and two dummy variables 

representing the study in which the participant took part (study6 dummy: 0 = not participated 

in Study 6, 1 = participated in Study 6; study7 dummy: 0 = not participated in study7, 1 = 

participated in Study7). As can be seen in Table 4.5, both trait anxiety and trait worry exert a 

highly significant effect on recall percentage (PSWQ: β = .49, p < .001, STAI-T: β = -43, p < 

.001.  

In Model 2, one more predictor was added to the predictors of Model 1: TEMP_DIST. 

As is presented in Table 4.4, the effects of the anxiety measures decrease in magnitude, but 

remain still highly significant (PSWQ: β = .36, p < .001, STAI-T: β = -.27, p = .001). This 

implies that their effect on recall performance is independent of the recall of items recalled 

from distant study-positions. 

In Model 3, TEMP_PROX was added to the predictors of Model 1, and this decreased 

the effect of trait worry and trait anxiety dramatically ((PSWQ: β = .11, p = .11, STAI-T: β = -
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14, p = .03). This implies that the effects of the anxiety measures on recall percentage is 

largely mediated by the recall of items recalled from the temporal proximity of the previously 

recalled items.  

Model 

parameters 
 Predictor parameters 

R2 F-test Predictor β B SE B VIF 

 Model 1 - criterion: recall percentage  

.34 17.28**  STAI-T -.43** -0.010 0.002 2.11 

   PSWQ  .49**  0.009 0.002 2.07 

   Study6 dummy -.54** -0.276 0.040 1.26 

   Study7 dummy -.21** -0.111 0.040 1.29 

 Model 2 - criterion: recall percentage  

.59 39.29**  STAI-T -.28** -0.003 0.001 2.20 

   PSWQ .36** 0.002 0.001 2.13 

   Study6 dummy -.09 -0.216 0.023 2.05 

   Study7 dummy -.08 -0.143 0.024 1.63 

   TEMP_DIST .66** 1.055 0.115 1.71 

 Model 3 - criterion: recall percentage  

.77 90.01**  STAI-T -.14* -0.003 0.002 2.31 

   PSWQ  .11 0.002 0.001 2.41 

   Study6 dummy -.68** -0.214 0.024 1.29 

   Study7 dummy -.49** -0.144 0.024 1.30 

   TEMP_PROX  .72** 1.031 0.065 1.20 
Table 4.5. Linear regression analyses testing the mediator role of TEMP_PROX and TEMP_DIST on 

recall percentage. 

Note. PSWQ: Penn State Worry Questionnaire; STAI-T: Spielberger State-Trait Anxiety Inventory Trait version; 

TEMP_PROX: percentage of items recalled from the temporal proximity of the previously recalled item; 

TEMP_DIST: percentage of items recalled from distant positions than the previously recalled item; B: regression 

coefficient; SE B: standard error of the regression coefficient; β: standardized regression coefficient; VIF: 

Variance Inflation Factor. In Step 1a and Step 1b, trait worry and trait anxiety are entered separately to the 

regression model, whereas in Step 2, they are entered together. 

+:p < .1, *:p < .05, **:p < .01; 

4.6. Discussion of Study 6-8. 

In three studies, we demonstrated a positive association between trait worry and self-

cued retrieval performance (episodic memory retrieval requiring the generation of retrieval 

cues by the participant). In contrast, trait worry was not associated to environmentally-cued 

retrieval performance (episodic retrieval relying on environmental retrieval cues). Because 

self-cued retrieval requires strategic processing and cognitive control functions, whereas 

environmentally-cued retrieval does not (Conway & Pleydell-Pearce, 2000; Moscovitch, 
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1994; Petrides, 1996), our results suggest that trait worry is associated with cognitive control 

processes, and support the theoretical considerations emphasizing the role of complex, higher-

order cognitive processes in worrying (i.e. planning: Barlow, 2002; mental problem-solving: 

Borkovec, et al., 1983; selective verbal-linguistic processing:  Sibrava & Borkovec, 2006; 

Price & Mohlmann, 2007). Importantly, in line with our prediction, we identified a strong 

interplay between trait anxiety and trait worry in predicting self-cued retrieval: controlling 

their shared variance, trait worry exerted a consistent positive effect whereas trait anxiety 

exerted a consistent negative effect on self-cued memory performance. We ruled out several 

alternative explanations: in the regression analyses we controlled for the effect of gender, 

state anxiety, high motivation and perfectionism. The confounding role of the latter two 

factors is also unlikely because of the specificity of the effect on self-cued retrieval. . Finally, 

we were able to demonstrate that the opposite effects of trait anxiety and trait worry on recall 

percentage are mediated by the temporal contiguity effect. 

Crucial question regarding the interpretation of our results is the identification of the 

key processes differentiating self-cued and environmentally-cued retrieval. We contrasted 

these two functions because of their different reliance on cognitive control processes (Conway 

& Pleydell-Pearce, 2000; Moscovitch, 1994; Petrides, 1996). The term “cognitive control” is 

somewhat broad, however, thus the question is left unanswered: which specific process or 

information processing stage might be linked to trait worry? 

First, the specificity of the opposite partial effects on self-cued retrieval might be due 

to the fact that self-cued retrieval is an effortful, resource demanding process, whereas 

environmentally-cued retrieval is not. Strategic processing might underlie the worry process 

when engaging in mental problem solving or abstract information processing, thus the partial 

effect of trait worry in our regression models might capture high worriers’ ability to 

effectively recruit strategic retrieval processes during cue generation.  

Second, the link between trait worry and good performance in the free recall task 

might be related to the verbal predominance and abstract processing style associated with 

worrying. Although the link between trait worry and recall performance was present not only 

using verbal, but also using pictorial stimuli, the role of verbal predominance cannot be ruled 

out completely: The generation of possible cues during the retrieval process might involve a 

search in semantic networks for semantically and lexically related words and the usage of 

verbal labels and this might be independent of the specific stimulus material.  
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Third, although we differentiated the memory tasks based on their retrieval 

characteristics, encoding related effects might also play a role: encoding operations related to 

cognitive control processes also underlie later recall of information (e.g. building semantic 

associations between the to-be-learned words or structuring them around different categories; 

see e.g., Brand & Markowitsch, 2008). Thus, it is possible that the specific beneficial effect of 

trait worry on free recall performance is due the fact that worrying is associated with an 

abstract information processing style which also enhances the effective structuring and 

organizing of the studied material and thus a stronger episodic representation of the study 

episode can be formed. 

And finally, because of the demonstrated role of temporal contiguity, the link between 

trait worry and cognitive control might be specific to updating and reinstatement of temporal 

context, which has been linked by current models to an interaction between the frontal and 

temporal cortex (Jenkins & Ranganath, 2010; Polyn & Kahana, 2008).  

4.7. Conclusions 

The results of Study 6-8 indicate an interplay of trait worry and trait anxiety in 

determining performance in tasks requiring strategic retrieval. After controlling their shared 

variance, trait worry was positively, whereas trait anxiety was negatively related to 

performance in tasks, in which no cues where provided to recall previously encoded 

information. This effect, however, was absent if appropriate retrieval cues were provided. 

Follow up analyses of recall dynamics indicated that this effect is mediated by a more 

effective context reinstatement process. 

  



113 

5. The role of goal-attainment in episodic retrieval. The role 

of trait anxiety and trait worry (Thesis 5). 5 

5.1. Cognitive control, goal-attainment and episodic memory  

When defining cognitive control, a recurrent feature is the characterization of the 

cognitive control system as a system that is responsible for the adaptive modulation of 

behaviour according to the goals of the organism (see Section 1.3 of Chapter 1). This requires 

the continuous monitoring of the difference between the current state and the goal state. 

Accordingly, one important function of episodic memory might be to assist the monitoring of 

goal-attainment by activating or recalling those aspects of past experience which might be 

relevant for pursuing the recent goal of the organism (Conway, 2009; Conway, 2005; 

Williams, Conway, & Baddeley, 2008). As Conway (2009, p. 2307) puts it, “one function of 

episodic memories is to keep an adaptive record of recent goal processing so that progress 

with goals can be readily assessed”. He also suggests that many characteristics of episodic 

memories can be traced back to this link between episodic memory and goal-processing. The 

contiguity effect (Kahana, 1996, see Section 4.5 for description), for example, might reflect 

the adaptive function of episodic memory to preserve the temporal order of events, which 

might be important for keeping track with the goal-pursuit of present action (Conway, 2009).   

After observing a positive association between trait worry and strategic retrieval 

associated with both semantic and episodic memory (in the verbal fluency and the free recall 

task, respectively), the aim of the work summarized in this thesis point was to investigate 

memory-related control processes in association with goal-attainment. Specifically, we 

focused on one control-process necessary to an adaptive memory system: the inhibition or 

suppression of irrelevant information. In Study 9-12, we investigated how the goal of the 

rememberer might determine the operation of this control process in an experimental 

procedure known as the directed forgetting paradigm (henceforth: DF, R.A. Bjork 1989, 

1998). In the DF paradigm, however, the operation of inhibitory processes can be detected 

only using a between-subjects comparison (see below, in Section 5.5.1). Thus, in this 

paradigm, we only could detect the role of goal-processing on memory accessibility and not to 

                                                 
5 The first part of this thesis point (especially sections 5.2-5.4) is an edited and modified version of the paper 

entitled „ Mirroring intentional forgetting in a shared-goal learning situation” (Racsmány, Keresztes, Pajkossy, 

Demeter, 2011) 
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investigate how individual differences in anxiety influence the role of goal-attainment in 

memory suppression. Because of this, in Study 13, a new experimental paradigm was 

developed in which the effect of goal-attainment and goal-cancellation could be investigated 

in a within-subject manner. This paradigm was named the Goal Interruption Task, and was 

intended to model the effects of task interruption and task completion on later memory 

performance described by the early work of Zeigarnik (1927).  

The theoretical background of Study 9-12 will be described in the following two 

sections (Section 5.2), whereas the theoretical background of Study 13 will be dealt with in 

Section 5.5, after describing the results of Study 9-12.   

5.2. Theoretical background for Study 9-12 

5.2.1. The directed forgetting procedure and goal-relevance 

An adaptive episodic memory system must be able to dynamically update which 

information is relevant and is to be held in an active form, and which information is no longer 

relevant and thus is to be suppressed. This latter aspect, the suppression of irrelevant 

information from memory, is modelled by the well-known experimental procedure called 

intentional forgetting or list-method directed forgetting (R.A. Bjork, 1989). In a typical DF 

experiment participants first learn a set of items, usually a list of words (henceforth: List 1), 

then receive an instruction either to forget or to remember these items. The forget instruction 

usually entails a reference to an error of the experimenter (e.g. ‘a wrong list was presented, try 

to forget it’) or to a practice session (e.g. ‘this list was learned only for practicing before the 

real list,  so try to forget it’). In contrast, in the case of the remember instruction, participants 

are told that they should later recall List 1. After the remember/forget instruction, a second list 

of items is presented (henceforth: List 2). The typical DF results consist of fewer remembered 

words from List 1 in the case of the forget instruction, as compared to the remember 

instruction – suggesting that access to items of List 1 is suppressed after the forget instruction. 

The DF effect is typically present in free recall task and absent in cued-recall and recognition 

tasks. The lack of DF effect is cued-recall and recognition task is taken as an experimental 

evidence that DF is not simply the consequence of shallow encoding of List 1 items following 

the forget instruction. 

The experimental work of the last thirty years has revealed many attributes of the DF 

effect and the brain mechanisms involved in this phenomenon have also become clear 
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( Anderson & Green, 2001; Bäuml, Pastötter, & Hanslmayr, 2010; Conway & Fthenaki, 2003; 

Van Hooff, Whitaker, & Ford, 2009). The involvement of cognitive control processes is 

suggested by neuroimaging studies and investigations of patients suffering from brain damage 

or psychiatric disorders. For instance, Mecklinger, Para and Waldhauser (2009) showed that 

successful forgetting in a DF experiment elicited a right frontal activation following the forget 

instruction. This brain area – and especially the right inferior frontal gyrus - is associated with 

inhibition of prepotent responses (see e.g. Aron, Robbins, & Poldrack, 2004). Bäuml, 

Hanslmayr, Pastötter and Klimesch (2008) showed that forget instruction induces a change in 

alpha oscillations which is assumed to be an active neural inhibitory filter. Furthermore, 

patients with lesion in the right frontal cortex and patients diagnosed with schizophrenia –

known to have frontal dysfunctions (Keefe, 2000) - were unable to produce a DF effect 

(Conway & Fthenaki, 2003; Racsmány et al, 2008). 

5.2.2. Explanations of the directed forgetting effect 

The dominant theory of directed forgetting was framed by R.A. Bjork (1989) who 

suggested that the forget instruction elicits a process in participants during List 2 learning 

which suppresses the access of List 1 items, although this process is modulated by factors 

such as list segregation and recall output order. According to R. A. Bjork (1989), the 

suppression of List 1 items serves an adaptive goal for participants to escape from proactive 

interference while studying List 2. This idea was supported by experimental results showing 

that recall performance of List 2 items is significantly higher following a forget instruction 

than following a remember instruction of List 1 items, although this beneficial effect of forget 

instruction has not been present constantly in directed forgetting experiments (see MacLeod, 

1998).  

An alternative explanation of directed forgetting was proposed by Sahakyan and 

Kelley (2002) who suggested that the forget instruction produces a change in mental context 

of participants and this change serves as a key factor for later recall patterns. According to this 

explanation, directed forgetting is just another example of context dependent memory 

phenomenon. Participants in the forget group change their internal context as a response to the 

forget instruction, therefore they are studying List 2 items in a changed mental context and 

finally they try to recall List 1 and List 2 items in this new mental context. In contrast, 

participants who receive a remember instruction will learn both lists in the same internal 

context. Evidence for this explanation comes from experiments where instructing participants 
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to intentionally change their mental context produced the same level of forgetting of List 1 

items as the ‘standard’ forget instruction (see Sahakyan & Delaney, 2005). 

5.2.3. The role of goal-attainment in the directed forgetting effect: the aim 

of Study 9-12 

The aim of the work conducted in Study 9-12 was to prove that the suppression of 

information observed in the DF paradigm is not the effect of the instruction, but is related to 

control processes which influence the accessibility of the episodic representation according to 

the goals of the individual. 

A fundamental difference between the two concepts of directed forgetting summarized 

in the previous section is the role of participant’s goal in the causal explanation of the 

phenomenon. According to the framework of R.A. Bjork (1989), suppression of the first list is 

a goal-related response to the forget instruction, where the goal of the participant is to learn 

valid and disregard invalid information. In contrast, the context change hypothesis (Sahakyan 

& Kelley, 2002) proposes that the suppression of the first list is a side effect of the instruction. 

The forget instruction segregates the two learning lists and creates different contexts for them, 

however the goal of the participant does not play a causal role in this process.  

It is difficult to discriminate the predictions of the two explanatory concepts in the 

standard directed forgetting procedure, because we should manipulate independently the goal 

of participants and the type of instructions they receive. However, the type of the instruction 

always determines the goal of the participant, thus these two factors are strongly associated in 

the standard DF procedure. We can discriminate these two factors, if participants are not 

directly instructed, but observe another person, a model, who receive a forget instruction. This 

way it is possible to manipulate independently the goal of the observer (congruent or 

incongruent with the goal of the model) and the type of instruction (forget or remember) given 

to the model. 

5.3. Study 9-10. Mirroring intentional forgetting of an actor in a video 

clip 

The central question of Study 9-10 was whether or not observers were able to mirror 

the learning performance of an observed model who had received a forget instruction. 

Considering the learning process as a specific action, we aimed to investigate the role of the 
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observer’s goal in activating and suppressing memories. In research on action understanding 

there are many observations of an action eliciting the same brain activity pattern in motor 

planning areas as the actual execution of that same action (Rizolatti & Craighero, 2004; 

Rizolatti, Fadiga, Gallese, & Fogassi, 1996). Moreover, studies using various stopping 

paradigms have demonstrated that the observers mirrored inhibitory attention processes along 

with the perceived person’s action (Frischen, Loach, & Tipper, 2009; Welsh, Elliott, Anson, 

Dhillon, & Weeks, 2005). However, so far there has been no demonstration of mirroring 

explicit goal-related memory access.  

According to our hypothesis, observers can mirror the intentional forgetting 

performance of an observed model, but only if they share the same goal in the learning 

situation. If the observers’ goal is simply to observe the behaviour of the observed model, 

they will not mirror intentional forgetting; therefore, they will remember the to-be-forgotten 

information. We assume that a forget instruction elicits suppression of earlier encoded 

information only if this instruction targets goal relevant information for the observer. 

We developed a modified version of the DF procedure aimed at investigating whether 

or not participants are able to simulate the intentional forgetting performance of a model. In 

this experimental procedure, called observational directed forgetting (oDF), participants (the 

observers) observe another person (the model) taking part in a directed forgetting experiment. 

5.3.1. Method 

5.3.1.1. Participants.  

In two consecutive studies, a total of 200 native Hungarian speakers were recruited 

from the Budapest University of Technology and Economics student population. They 

received course credits for their participation. One hundred participants (45 males and 55 

females) took part in each experiment, their ages varied between 19 and 26 years. 

5.3.1.2. Material, design, procedure. 

In both studies, participants (referred to as observers throughout the article) watched a 

movie of a directed forgetting experiment. In this movie, a model learnt a list of words (List 

1), then received a midlist instruction (forget or remember), then learnt another list of words 

(List 2). In both studies, observers were randomly assigned to either the forget or the 

remember group. 
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The two studies differed only in the instruction given to the observers prior to 

watching the movie. In Study 9, they were told simply to observe everything they saw in 

order to remember it later on (“simple observation”), whereas in Study 10 observers were told 

to observe everything they saw in order to remember what the model in the movie had to 

remember (“observation with goal sharing”). 

In the movie presented to the observers, a male model sat in front of a computer screen 

and was told by an experimenter that he would be presented with a list of words and that his 

task was to learn all of the words for a later memory test. Each word was displayed for 2 s 

with a 2-s inter-item interval. When filming the movies we used two experimental learning 

lists (List A and List B) consisting of 12 words of moderate to high frequency. Half of the 

observers saw a version of the movie in which List A served as List 1, and List B served as 

List 2, while the other half of the observers saw a version in which List A served as List 2 and 

List B as List 1. After List 1 had been presented on the screen the experimenter gave either a 

“forget” or a “remember” instruction. In the “forget” condition, the model in the movie 

received the instruction that the words presented up until this point were only presented by 

mistake, and the experimenter asked the model to try to forget these words in order to 

properly carry out the learning of the following words. Following the forget instruction the 

model was presented with a second list of 12 words. In the “remember” condition, the 

experimenter in the movie gave a remember instruction following List 1; that is, he asked the 

model to remember the words presented up until that point and to try to learn the words in the 

second list as well. Following the presentation of List 2, the experimenter thanked the model 

for their contribution (for the experimental setting, see also Figure 5.1A). 

Following the presentation of the movie, observers took part in a distractor task in 

which they solved simple arithmetic tasks for 10 min. Then they were asked to recall all the 

words that had been presented to the model in the movie. All observers were first asked to 

recall List 1, and then List 2 words, in order to avoid a possible output interference of List 2 

words in the forget condition. 

5.3.1.3. Data analysis.  

In both studies the same mixed ANOVA was carried out with instruction 

(Forget/Remember) as between subject variable and list (List 1/List 2) as within subject 

variable. 
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5.3.2. Results and Discussion 

5.3.2.1. Study 9.  

We found a significant main effect of list, F(1,98) = 13.15, p < .001, but no significant 

interaction between list and instruction, F(1,98) = 0.02, ns. Independent t-tests showed that, 

on average, observers in the forget group and the remember group recalled the same 

proportion of List 1 words, t(99) = −0.67, ns. and the same proportion of List 2 words, t(99) = 

−0.66, ns. This supports our hypothesis that observers with an attitude of merely observing a 

learning action of a model will not produce the same memory performance as the observed 

model; therefore, they will not produce an intentional forgetting of List 1 in the forget 

condition (see Figure 5.1, upper part of panel B). 

5.3.2.2. Study 10. 

The same ANOVA as in Study 9 yielded a significant main effect of list, F(1, 98) = 

20.08, p <.001, and more importantly, a significant interaction between list and instruction, 

F(1,98) = 17.4, p < .001. Independent t-tests revealed that observers in the forget group 

recalled fewer List 1 words, t(99) = 2.19, p < .05, r = .22, but more List 2 words, t(99) = 2.83, 

p < .01, r = .27, than observers in the remember group. This recall pattern shows that our 

manipulation was successful in inducing a directed forgetting effect (see Figure 5.1, lower 

part of panel B). 

 

Figure 5.1. Experimental set-up and results of Study 9-10. 

(A) The experimental setting. In both experiments the observers sat in front of a computer screen on which they 

saw a movie of a directed forgetting experiment. (B) The results of Study 9 (simple observation) and Study 10 

(observation with goal-sharing). Figure adapted from Racsmány, Keresztes, Pajkossy, and Demeter, 2011.  
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5.4. Study 11-12. Mirroring intentional forgetting of an observed 

person 

Although Study 9-10 gave evidence that suppression of the to-be-forgotten items is 

modulated by the observer’s goal, the applied instruction and the specific way of item 

presentation raised a series of question with respect to the above interpretation of our results. 

Did the instruction to remember everything that the model had to remember induce any 

empathy/goal sharing with the model or did the observers simply interpret the instruction 

given to the model as an instruction given to them? Another problem in our interpretation 

might be that the model did not suppress memories (models were actors in a movie). 

Therefore we cannot infer that the forgetting effect produced by the observers is truly a 

mirrored effect.  

To clarify these questions we changed both the learning situation and the goal-sharing 

instruction in two following experiments. In Study 11 and 12, instead of watching a movie 

about an experiment, observers observed a directed forgetting experiment in a real-life setting, 

with real experimental participants (models) (see also Figure 5.2A for the design of the 

experiment). In order to induce empathy/goal sharing of observers with the models, we 

changed the “observation with goal-sharing” instruction of Study 10 in a way to stress the 

shared goal of the two persons. Therefore, the observers were told that they could help the 

model at the final recall. We reasoned that this instruction not only induces shared goal-

representations, but also rules out the possibility that observers simply interpret the instruction 

given to the model as an instruction they (the observers) should follow. Besides this, the real-

life setting, used in Study 11-12, allowed us to match the recall pattern of observers to the 

recall pattern of real participants. 

5.4.1.  Method 

5.4.1.1. Participants.  

In two further studies, a total of 208 native Hungarian speakers were recruited from 

the Budapest University of Technology and Economics student population. One hundred-

twenty participants (43 males and 77 females) took part in Study 11, and eighty-eight 

participants (39 males and 49 females) took part in Study 12. Their ages varied between 19 

and 28 years. Data of four participants (two models and one observer) was excluded from the 
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analysis of Study 11, and data of three participants (two models and one observer) was 

excluded from the analysis of Study 12, because they figured out the goal of the experiment, 

as it was revealed by the debriefing. 

5.4.1.2. Material, design, procedure. 

The two experiments followed the same logic as Study 9-10 with the only exception 

that this time the observed model was a real participant, not only an actor in a movie. 

Two participants (one model and one observer) took part in the experiment at the same 

time. Each participant pair (observer and model) was randomly assigned to either the 

remember or the forget group and each member of the pair was randomly assigned to be the 

observer or the model in the experiment. First, the observers were informed that they would 

take part in a memory experiment as an observer where a model would learn lists of words for 

a later recall. The observer was also informed that the aim of their participation is to warm up 

for a later memory experiment. Similarly to Study 9, in Study 11 observers received a “simple 

observation” instruction; that is, their task was to watch carefully and observe everything they 

saw, because later they would have to remember it. Similar to Study 10, in Study 12 observers 

received an “observation with goal sharing” instruction; that is, their task was to watch 

carefully and observe everything they saw, but crucially they were also informed that at the 

final recall test there would be a possibility to help the model if she/he asks for it. 

The model and the observer sat close to each other in front of a computer screen, in a 

distance from the screen so that both of them could easily read the presented stimuli. Each 

word was displayed for 2 s with a 2-s inter-item interval. The experimenter gave instructions 

only to the model, who were informed that they would be presented with a list of words and 

were to learn all of the words for a later memory test. After the first list of words had been 

presented on the screen the experimenter gave either a “forget” or a “remember” instruction to 

the model. In the “forget” condition the models received the instruction that the words 

presented up until that point were only presented by mistake, and the experimenter asked 

them to try to forget those in order to properly carry out the learning of subsequent words. 

After the forget instruction the models were presented with a second list of words. In the 

“remember” condition the experimenter gave a remember instruction following List 1, asking 

the models to remember the words presented up until that point and to try to learn the words 

on the second list as well. 
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After the presentation of List 2, both the models and the observers took part in a 

distractor task, solving simple arithmetical problems for 10 minutes. Then they were asked to 

recall all the words that had been presented to the model in the movie. All observers were first 

asked to recall List 1, and then List 2 words, in order to avoid a possible output interference of 

List 2 words in the forget condition. 

5.4.1.3. Data analysis.  

In both studies the same mixed ANOVA was carried out with instruction 

(Forget/Remember) as between subject variable and list (List 1/List 2) as within subject 

variable. Recall data of models and observers were analysed separately, and when discussing 

these results, we report data for models first, and data for observers second. 

5.4.2. Results and Discussion 

5.4.2.1. Study 11, models 

The list X instruction interaction was significant, F (1, 58) = 10.56, p < .005. 

Independent t-tests revealed that models in the forget group recalled fewer List 1 words, t(58) 

= 22.67, p < .01, r= .33, but more List 2 words, t(58) = 1.29, ns., than models in the remember 

group. Although his latter effect, the benefit of directed forgetting instruction, was not 

significant, our manipulation was successful in inducing a directed forgetting pattern among 

models (see Figure 5.2, upper part of panel C). 

5.4.2.2. Study 11, observers 

Observers showed a different pattern compared to the models they had observed. Their 

recall data showed no significant list X instruction, F(1,54) = 2.54, p = .117. Also, 

independent t-tests revealed that observers in the forget group recalled a similar proportion of 

List 1 words, t(54) = 0.43, ns., and a lower proportion of List 2 words, t(54) = 1.69, ns., 

compared to observers in the remember group. In brief, in this group we found no directed 

forgetting effect (see Figure 5.2, upper part of panel B). 

5.4.2.3. Study 12, models 

 The list X instruction interaction was significant, F(1,40) = 12.34, p <.001. 

Independent t-tests revealed that models in the forget group recalled fewer List 1 words, t(40) 
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= −3.47, p<.001, r = .48, but more List 2 words t(40) = 0.51, ns., than models in the remember 

group. Again, as for models in Study 11, although the benefit of directed forgetting instruction 

was not significant, our manipulation was successful in inducing a directed forgetting pattern 

among participants (see Figure 5.2, lower part of panel C). 

5.4.2.4. Study 12, observers 

In contrast to Study 11, observers in Study 12 showed a similar pattern as the models 

they had observed. Their recall data showed significant list X instruction, F(1,41) = 4.24, p < 

.05. Also, independent t-tests revealed that observers in the forget group recalled fewer List 1 

words, t(41) = −2.36, p < .05, r = .35, and a similar proportion of List 2 words, t(41) = .12, 

ns., compared to observers in the remember group. In brief, although we found no benefit of 

the directed forgetting instruction for the forget group, the observers showed a clear directed 

forgetting effect (see Figure 5.2, lower part of panel B). 

 

Figure 5.2. Experimental set-up and results of Study 11-12.  

(A) The experimental setting. In both experiments participants sat in front of a computer screen and participated 

in a directed forgetting experiment (we refer to these participants as models and their results are shown in panel 

C). Each model was observed by another participant (we refer to these participants as observers and their result 

are shown in panel B). (B)  The results of the observers: upper part: Study 11, lower part: Study 12. (C)  The 

results of the participants/models: upper part: Study 11, lower part: Study 12. Figure adapted from Racsmány, 

Keresztes, Pajkossy, and Demeter, 2011. 

The results of Study 11-12 thus replicated the results of Study 9-10. That is, observers 

mirrored the effect of the forget instruction given to the observed model, but only when the 

instruction given to the observers induced shared goal representations. These results support 

the assumption that activation and suppression of episodic memory representations is based 
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on goal-related action plans (Conway, 2005). It is important to note that it has been widely 

documented that the suppression effect in the directed forgetting procedure lowers the 

accessibility, but not the availability of to-be-forgotten memories, meaning that these memory 

items remain intact but become inaccessible by episodic retrieval cues (MacLeod, 1998, 

Racsmány & Conway, 2006; E. L. Bjork & R. A. Bjork, 1996). Our results support the 

assumption that suppression of episodic memories is not automatically generated by 

environmental cues but depends on the goals of the person who encodes and retrieves them 

(Conway, 2009). The aim of Study 13 was to examine how individual differences affect this 

goal-related suppression of episodic representations. 

5.5. Theoretical background for Study 13 

5.5.1. Individual differences in directed forgetting 

In Study 9-12, we showed that cognitive control processes related to the suppression 

of irrelevant information are influenced by the goals of the rememberer (at least in the DF 

procedure), thus the aim of Study 13 was to examine how individual differences in trait 

anxiety and trait worry might affect this goal-directed suppression of episodic representations. 

Suppression of irrelevant information is demonstrated in the DF task by comparing recall 

level of List 1 between the group receiving the forget and the group receiving the remember 

instruction. This makes it hard to quantify the effectiveness of the suppression on the level of 

the individual.   

One index of successful suppression of irrelevant material might be the amount of 

recalled List 1 items after the forget instruction and several studies used this method to assess 

the suppression of irrelevant material (e.g. Delaney & Sahakyan, 2007; Moulds & Bryant, 

2005). One drawback of this method is the neglect of baseline: it is not known, what would be 

the baseline level of recall performance for the participants, if there had been no forget 

instruction. This drawback can be eliminated by constructing a within-subject design DF-

paradigm, in which participants complete a list-learning session with two lists, one session 

with the remember and another with the forget instruction (see e.g. Racsmány et al, 2008). In 

this case, however, the deception element of the instruction might not work well in the second 

session (i.e. participants will not believe that there is no need to learn List 1).  
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Instead of these methods, in Study 13, a new task was constructed which enabled the 

investigation of changes in activation of episodic representations related to goal-attainment in 

a within-subject manner. This new task was based on earlier work which described the effects 

of task completion, intention maintenance and intention cancellation on memory 

representations (Goschke & Kuhl, 1993, Marsh, Hichks, & Bink, 1998; Zeigarnik, 1927,).  

5.5.2. The role of goal-attainment and goal-relevance in memory 

One often cited early work in the history of memory-research is the publication of 

Bluma Zeigarnik (1927) about the effects of task-interruption on memory performance. She 

gave their participants a series of simple tasks (e.g. drawing a flower, writing a small poem, 

etc.) and let participants to finish half of the tasks whereas interrupted the execution of the 

other half of the tasks before participants could have finished them. After the last task, 

unexpected to the participants, she asked them to recall the tasks. The so called Zeigarnik-

effect is the tendency of the participants to recall more interrupted than competed tasks 

(Zeigarnik, 1927, see Butterfield, 1964, Wicklund & Gollwitzer, 1982). Zeigarnik herself 

thought that engaging in a task creates a quasi-need (“Quasi-Bedürfnis”) which exists until the 

task is completed. Interrupting the task sustains this tension and this leads then to better 

memory of interrupted tasks. 

 This explanation predated and anticipated modern experiments of cognitive 

psychology which suggests that goals enhance the accessibility of goal-related information, 

whereas goal-fulfilment reduces this accessibility. Goschke and Kuhl (1993), for example 

asked participants to learn four action-related scripts (e.g. actions involved in setting a table). 

Participants were told that they should execute two of the scripts later, whereas the other two 

scripts will be enacted by another person and they should just observe and check the correct 

execution of the task-sequence. In a subsequent recognition task participants produced faster 

and more accurate responses for items which were encoded earlier as to-be-executed, as 

compared to items that were encoded as to-be-observed. This was termed the intention-

superiority effect describing the finding that information related to an uncompleted intention 

is held in an active state. Moreover, completion of the intention appeared to lead to the 

inhibition of intention-related information relative to other, neutral materials, suggesting that 

once an intention has been carried out, its content is less available or accessible (Marsh et al., 

1998). Marsh et al. (1998) also demonstrated that interrupting the execution of a task leads to 
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the maintenance of activation of related information – an explanation similar to the original 

thoughts of Zeigarnik.  

 To sum up, both the Zeigarnik-effect and the intention-superiority effect reflects the 

suppression and activation of information directed by the goals of the individual. This 

mechanism is similar to the mechanism suggested to underlie the DF effect in Study 9-12. In 

contrast to the DF-procedure, however, task-completion and task-interruption was 

manipulated in a within-subject manner in the experiments associated with Zeigarnik effect 

and the intention-superiority effect. Thus individual differences related to the goal-directed 

activation/inhibition might be better observable in a task resembling the classic task of 

Zeigarnik. Thus, the aim of Study 13 was to replicate the findings of Zeigarnik (1927) and to 

investigate the interplay of trait worry and trait anxiety on suppression of task-irrelevant 

information related to completed tasks.  

 A drawback of this approach is, however, that the original pattern of results found by 

Zeigarnik (1927) was hard to replicate:  later investigations produced mixed findings with 

many studies finding no effect of reverse effects with completed tasks recalled better than 

interrupted tasks (e.g. Atkinson, 1953) This led many investigator to postulate different 

modulator variables, like different personality factors (see e.g. Rosenzweig, 1943). The mixed 

findings regarding the Zeigarnik-effect might be also related to many confounding factors, 

which might influence memory performance in the classic version of the task: completed task, 

for example, usually last longer than interrupted ones and this may influence later recall. The 

correction of this bias with interrupting all tasks at the same time might lead to different 

number of interrupted and finished tasks, which again might confound the expected pattern 

(Patalano & Seifert, 1994; Seifert & Patalano, 1991).  

To overcome these issues, we constructed a task which might control for the possible 

confounds present in the original Zeigarnik-experiments, and at the same time, resembles also 

the design of the intention-cancellation literature.  In this task, termed the Goal Interruption 

Task (GIT), participants have to complete word stems of category exemplars belonging to a 

given category. Subjects are informed that the task measures mental speed and if they cannot 

finish a given category in time, the task will be interrupted. During this word generation 

phase, the completion of words was randomly interrupted in half of the categories. Following 

the procedure of Experiment 4 in Marsh et al. (1998), after interrupting the word-completion 

task in a given category, we told participant that they can carry on with the task later – that 
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way the maintenance of the task-goal was ensured.  Following a delay of ten minutes an 

unexpected free recall or category-cued recall task was conducted.  

Following the literature on the Zeigarnik-effect and the intention-superiority effect, 

higher recall level for interrupted than for completed categories was expected. Moreover, if 

similar processes are involved in the GIT than in the DF, than this effect should only affect 

accessibility but not the availability of the items, similar to the pattern observed in DF (E. L. 

Bjork & R. A. Bjork, 1996; MacLeod, 1998, Racsmány & Conway, 2006). Accordingly, the 

manipulation of finishing a category vs. interrupting it with maintaining the task goal should 

affect free recall but not cued recall performance. 

Regarding the interplay of trait worry and trait anxiety, we had two goals: first, we 

aimed to test whether the magnitude of the suppression or deactivation of information after 

completing the goal of the task is related to trait worry and/or trait anxiety. If we assume that 

this process is analogous to the memory suppression seen in DF, than it should be associated 

with cognitive control processes, thus we predicted that the magnitude of the suppression will 

be associated with trait worry and we will observe a suppressor situation. Second, we aimed 

to replicate the results of Thesis 4, by showing the interplay of trait worry and trait anxiety in 

determining overall recall levels in free recall but not in cued recall performance (irrespective 

of completion or interruption of the given category).  

5.6. Study 13. The effect of goal interruption on episodic memory 

representations – the role of trait worry and trait anxiety 

5.6.1.1. Participants.  

 Participants were recruited from the Budapest University of Technology and 

Economics. The sample size was N = 90, 43 female, Mage = 21.23, SD = 1.60, range = 19-28. 

5.6.1.2. Material. 

Trait worry was measured with the PSWQ (Meyer et al., 1990, Hungarian version: 

Pajkossy et al, in press), whereas trait anxiety with the STAI-T (Spielberger et al., 1970, 

Hungarian version: Sipos & Sipos, 1983). 

We selected ten moderately frequent words drawn from nine different categories. The 

frequency data were drawn from the open-source Frequency Dictionary of the Hungarian 
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Webcorpus (Halácsy et al., 2004; Kornai et al., 2006). Three of the categories were used as 

filler categories (Vehicles, Drinks, Fruits), whereas the other six were our experimental 

categories (Mammals, Clothes, Sports, Vegetables, Birds, Instruments). 

The stimuli were presented using the software Presentation (Neurobehavioral Systems 

Inc, Albany, CA). 

5.6.1.3. Design 

Task interruption was varied within subject: half of the experimental categories were 

interrupted before completion of all word stems – unknown to the participants, the 

interruption of the categories were not determined by time, but were randomized to occur in 

half of the categories. The categories were interrupted to yield the same amount of words 

from completed and interrupted categories (24 words each). Recall type was varied between 

subjects: half of the subjects completed a free recall task, whereas the other half completed a 

cued recall task with the category-names as cues.  

5.6.1.4. Procedure. 

The GIT had three phases (see Figure 5.3A). The first was the generation phase. In this 

phase, participants had to solve a category-cued word-stem completion task (e.g. Fruit – ap _ 

_ _). Based on the category, the word-stem, and the length of the word, participants had to 

type in the corresponding word (e.g. apple). If they typed an incorrect word then they got the 

feedback to try again. If they did not produce the correct word for 25 seconds, than a third cue 

letter was given (e.g. Fruit – app _ _). If no answer was provided for another 15 seconds, the 

correct word appeared and the next word stem was presented.   

During the task, lines and category-labels indicated how many word-stems have to be 

completed, but each word-stem appeared only after the previous word-stem was completed. 

The words already completed remained on the screen. Thus, the participant was always aware 

of the current state of goal pursuit – what he/she has already completed, and what he/she has 

to do to achieve the goal of the task (see also Figure 5.3A for the screen layout during the 

task). 

 Participants were informed that the task measured mental speed and their task was to 

finish each category within a predefined time-window. This time window was said to be 

determined by the experimenter to reflect the mean completion time for the undergraduate 
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population for the given category. Unknown to the participants, however, the interruption of 

the categories was not determined by time, but was randomized to occur in half of the 

experimental categories.  

The first two and the last categories were filler categories. From the remaining six 

categories, three were interrupted before completion of all word stems. Set size was also 

varied: both type of categories (interrupted vs. completed) contained one category with six, 

eight and ten words, respectively.  

After completing the last word of a category, one of two different feedbacks appeared 

depending on the category type. By completed categories the feedback stated that the 

participant succeeded in finishing the current category, whereas after interrupted categories 

the feedback stated that the participant did not succeed in finishing this category, but he/she 

will have the opportunity to finish it later (to achieve goal-maintenance). For the exact text of 

the instructions, see Figure 5.3B.   
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Figure 5.3. The goal interruption task.  

(A) Design (B) Instruction after completed interrupted categories (C) Category set-sizes.  
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During working with the interrupted categories, participants saw two lines more than 

the set-size of the category, thus when they completed the last word of a category, they 

thought they are two more (e.g. in the case of  a set-size of six, participants saw eight lines, 

and thus might think that their task is not over yet, see Figure 5.3C). Because of the variation 

in set-size and the addition of two more lines in the interrupted categories, participants could 

hardly figure out the deception in the task.  

After the last category, participants were told that their mental speed will be tested also 

with mathematical problems, and they are instructed to solve a series of simple mathematical 

problems, as quick as possible. Finally, following ten minutes of mathematical problem 

solving, an unexpected free recall or category-cued recall task was conducted.  

The sequence of the categories in both the generation task and in the category-cued 

recall task was randomized, as was the assignment of category type (interrupted vs. 

completed) and set-size (six, eight or ten words) to the specific category (e.g. vehicle, 

vegetables).  

After finishing the GIT, beside the PSWQ and the STAI-T, participants filled out a 

debriefing questionnaire, in which we asked them whether they had any suspicion that the 

words they generated will have to be recalled later.  

5.6.1.5. Data analysis.  

 We excluded five participants from both the free recall and the cued recall group, 

because they indicated in the debriefing questionnaire that they had expected a final memory 

test during the generation phase. In the free recall group, during the recall phase, we did not 

restrict the time available to recall the generated words: subjects spent in average 11.55 (SD = 

4.59) minutes to recall the words. One subject, however, spent more than half an hour to 

recall the words (M = 31.55, more than 4SD away from the mean), thus his results were 

discarded. The final sample consisted of 37 participants in the free recall group, 22 female, 

Mage = 21.09, SD = 1.36, range = 19-24, and 42 subjects in the cued recall group, 16 female, 

Mage = 21.36, SD = 1.56, range = 19-25.  

Words not generated in the generation phase were recalled to a high level regardless of 

finishing or interrupting the category (18 out of 27 in the free recall and 19 out of 23 in the 

cued recall group), thus they were excluded from further analysis. Recall percentage was 

calculated for each of the six categories by dividing the number of successfully recalled words 



132 

by the number of successfully generated words. The recall percentages of the three 

finished/interrupted categories were then averaged for calculating the recall rate of the 

finished/interrupted categories. 

We expected that participants will covertly use category cues in the free recall task, , 

for instance by trying to first recall a category label and then recall several corresponding 

words. This strategy would be manifested in a tendency to cluster items from the same 

category during free recall. To identify this strategy, we calculated the number of words 

which were recalled successively from the same category (WITHIN_CAT_RECALL, e.g. 

recalling ‘bus’ after ‘tramway’), and also the number of words, which were recalled after a 

switch of the category (CATEGORY_SWITCH, e.g. recalling ‘tomato’ after ‘tramway’). By 

calculating these measures, words not generated were also included (as they could be also part 

of a cluster). These two measures were calculated for both the completed and the interrupted 

categories.  Recall percentage, WITHIN_CAT_RECALL and CATEGORY_SWITCH were 

compared between the finished and the interrupted categories using ANOVA and t-tests. 

Regarding the effect of the anxiety measures, our first aim was to investigate whether 

the two variables were associated with the suppression of information following task-

completion.  The magnitude or efficiency of the deactivation following task-completion was 

assessed by subtracting the recall level of the completed categories from the recall level of the 

interrupted categories. This variable was then the criterion variable in the hierarchical 

regression analysis which followed the method described in Section 4.3 of Chapter. Assuming 

that cognitive control processes underlie this deactivation, we predicted that trait worry will 

be associated with higher difference score. 

The second aim of the analyses was to examine the effect of trait worry and trait 

anxiety on recall performance, irrespectively of task-completion. Following the results of 

Thesis 4, we expected that trait worry and trait anxiety will be oppositely linked to free recall 

but not to cued recall performance. Moreover, in the free recall task, we expected that only the 

CATEGORY_SWITCH variable will be linked to trait worry, as switching between 

categories during recall reflects strategic, self-cued retrieval to a greater degree than the recall 

of several words successively from the same category with the category-label supposedly 

used as a retrieval cue.  
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5.6.2. Results and Discussion 

5.6.2.1. Descriptive statistics.  

Mean total score of the anxiety measures were similar to those found in earlier studies 

(PSWQ: M = 43.62, SD = 12.01, STAI-T: M = 42.72, SD = 8.54), and they were correlated (r 

= 0.74, p < .001). Descriptive statistics regarding the variables reflecting memory 

performance are presented in Table 5.1.  

 

Table 5.1. Descriptive statistics of memory performance in the GIT. 

5.6.2.2. Recall of words from interrupted and completed categories  

We tested the effect of interruption on recall percentage using a mixed 2x2 ANOVA 

with category type as within-subject factor (finished vs. interrupted) and recall type as 

between subject factor (free recall vs. cued recall). The means and standard errors are 

presented in Figure 5.4A. There were no overall differences in the recall rate of words from 

finished and interrupted categories (F[1,77] = 1.76, p = .19, η2 = .022), and subjects 

performing the cued recall task recalled significantly more words than subjects in the free 

recall group (F[1,77] = 22.41, p < .001, η2 = .23). Critically, we found a significant interaction 

between category type and recall type (F[1,77] = 8.59, p = .004, η2 = .10). Follow-up analyses 

revealed that this interaction was caused by subjects recalling more words from interrupted 

categories in the free recall group (interrupted categories: M = 43.65, SD = 17.03; completed 
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categories: M = 36.67, SD = 18.21;   t[36] = -2.50, p = .02), whereas there was no significant 

difference between the recall rate of words from the interrupted and finished categories in the 

cued recall group (interrupted categories: M = 53.88, SD = 14.05; completed categories: M = 

57.32, SD = 16.99;  t[41] = -1.42, p = .16) 

5.6.2.3. Clustering and switching during free recall 

 In the free recall group we compared whether WITHIN_CAT_RECALL and 

SWITCH_CAT values are different for the completed and interrupted categories (see also 

Figure 5.4B). Paired sample t-tests revealed that the finished and interrupted categories do not 

differ in the average numbers of successively recalled words from a category (interrupted 

categories: M = 6.02, SD = 3.54; completed categories: M = 5.43, SD = 3.36; t[36] = 0.95, p = 

.35). In contrast, more switching occurred to interrupted categories than to completed 

categories (interrupted categories: M = 4.83, SD = 2.05; completed categories: M = 3.83, SD 

= 1.66; t[36] = 2.52, p =.02).   

 

Figure 5.4. Results of the GIT 

(A) Recall percentage for interrupted and completed categories in the free and cued recall task. (B) Indices of 

clustering and switching in the free recall task, for completed and interrupted categories.  

5.6.2.4. Trait worry, trait anxiety and recall in the GIT 

 Because the ANOVA analysis in the previous section suggested, in accordance with 

our hypothesis, that the effects of goal completion can be assessed with the free recall task, 

the effects of trait worry and trait anxiety were investigated in the free recall group only. 

Regarding our first aim, no interplay between trait worry and trait anxiety was found when 

examining the effect of the anxiety measures on the difference score representing the 

* * 
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deactivation of information after task-completion (see Table 5.2, criterion variable: difference 

in free recall performance). 

Regarding our second aim, similarly to Study 6-8 in Thesis 4, cued recall performance 

was not related to either trait worry or trait anxiety. In contrast with Study 6-8, however, there 

were no significant effects related to free recall performance either. On the contrary, there was 

even a nonsignificant positive tendency between trait anxiety and free recall percentage (Step 

1b, β = .30, p < .082).  

 

Model  Model 

parameters 
 Predictor parameters  Sobel- 

test 

 R2 F-test Predictor β B SE B VIF  z 

   
Criterion: difference in free recall percentage 

interrupted minus completed categories  
   

Step 1a  .01 0.24  STAI-T .09   -0.002  0.004    

Step 1b  .01 0.01  PSWQ  .01    0.001  0.003    

Step 2  .02 0.21  STAI-T  .18 0.004 0.005  2.19  -0.49 

     PSWQ  -.12 -0.002 0.004  2.19  0.79 

   
Criterion: cued recall percentage     

 
   

Step 1a  .01 0.55  STAI-T  .12   0.002  0.002    

Step 1b  .02 0.96  PSWQ  .15    0.002  0.002    

Step 2  .02 0.46  STAI-T  .01 0.001 0.004  2.23  0.99 

     PSWQ  .15 0.002 0.002  2.23  0.24 

   
Criterion: free recall percentage     

 
   

Step 1a  .09 3.23+  STAI-T  .31+   0.005  0.003    

Step 1b  .03 0.92  PSWQ  .17    0.002  0.002    

Step 2  .10 1.69  STAI-T  .40 0.007 0.004  2.19  -0.66 

     PSWQ   -.13   -0.002 0.003  2.19  1.68 

Table 5.2. Hierarchical linear regression analyses of the effect of trait worry and trait anxiety on memory 

performance in the GIT. 

 B: regression coefficient; SE B: standard error of the regression coefficient; β: standardized regression 

coefficient; VIF: Variance Inflation Factor. In Step 1a and Step 1b, trait worry and trait anxiety are entered 

separately to the regression model, whereas in Step 2, they are entered together. 

+:p < .1, *:p < .05, **:p < .01; 
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5.6.2.5. Trait worry, trait anxiety and free recall in the GIT 

A potential explanation for the absence of the effect seen in Study 6-8 might be that in 

this free recall task, category-labels can be used as effective retrieval cues and this decreases 

the importance of strategic retrieval processes. Strategic retrieval processes might only be 

engaged when after the successive recall of several items from one category the participant 

switches to another category. Thus, to find further evidence for the link between trait worry 

and strategic retrieval processes, we investigated the links between trait worry, trait anxiety 

and the SWITCH_CATEGORY variable. Because of the small sample size the 

SWITCH_CATEGORY variable had limited variance and was not normally distributed, thus 

the assumptions of linear regression violated were violated (in particular the assumption about 

the normal distribution of the residuals).  Instead of linear regression, Spearman correlation 

coefficients were computed: the number of switches was significantly related to both trait 

worry (rs = .50, p = .003) and trait anxiety (rs = .40, p = .02). It is worth noting that the 

association was stronger for the PSWQ suggesting that it is trait worry which could be 

associated with this tendency to switch between categories.  

5.7. Discussion 

 In Study 9-12, we demonstrated that directed forgetting effect in the observer of a DF 

experiment was only present if the goal to encode specific memories was the same or similar 

for the observer and the model. In four experiments we gave evidence that observers 

suppressed List 1items if they observed a model who was instructed to forget these items. 

However, this effect was modulated by the instruction type given to the observers. Observers 

only produced the directed forgetting effect if they were instructed to share the goal of the 

model. This means that if the observer’s goal is to acquire the same information as the model, 

then any environmental manipulation of the model’s behaviour will influence the accessibility 

of the observer’s memories. It is important to note that goal sharing was manipulated in two 

fundamentally different ways in Study 10 and Study 12. In Study 10 observers watched a 

movie about the experiment, they had no contact with the models, and because of this one 

could argue that observers may have not felt empathy for the models or shared the model’s 

goal. More importantly, as the observer were instructed to remember everything that the 

model in the movie had to remember, this may have forced them to instruct themselves the 

same way as the experimenter instructed the model. However, in Experiment Study 12 

observers took part in the same experiment as the model: they sat next to them and they 
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followed their behaviour from close distance. This experimental design should have induced 

more empathy in the observers for the model. Moreover, the instruction also differed in Study 

12. Observers were instructed that they might have the chance to help the model at the final 

test. This instruction probably led the observer to share the goal of the model. Although there 

are major differences in the observer’s instructions in Study 10 and 12, the two studies 

produced exactly the same pattern of results. This supports the conclusion that the shared goal 

of observers and models was the critical factor in producing this observational directed 

forgetting effect.  

 The role of goal-attainment and goal-completion was further investigated in Study 13. 

Here, a newly developed task, the Goal Interruption Task was used, which aimed to model the 

well-known Zeigarnik effect (Zeigarnik, 1927). In the GIT, the task of the participant is to 

complete word-stems of different categories, and task completion is interrupted for some of 

the categories. In accordance with Study 9-12, results attained with the GIT also supported the 

claim that goal-maintenance and goal-completion affects the activation/suppression of 

episodic memory representations. This was evidenced by the fact that words from completed 

categories were recalled less often than words from interrupted categories. Similarly to the DF 

paradigm, this effect only affected accessibility but not the availability of the items, as the 

difference between the recall levels of completed and finished categories was demonstrated in 

free recall but not in cued recall.  

 These parallels with the DF paradigm suggest that the GIT can be used as a paradigm 

measuring goal-related control-processes in episodic memory. In contrast with earlier studies 

showing that control processes associated with semantic/episodic memory retrieval are 

associated with trait worry and trait anxiety, in the GIT no effects of the anxiety measures 

could be observed. Neither trait worry nor trait anxiety was significantly related to the 

difference in recall of completed and interrupted categories; we found no association between 

the anxiety measures and the overall recall levels. Interestingly, the number of switches to 

new categories during the free recall task, which might be an index of strategic retrieval, was 

positively correlated with trait worry (and also with trait anxiety). This latter finding is in line 

with the results of Study 6-8 suggesting that the link between trait worry and memory 

performance is present only when the cue-generation is self-initiated.  

 Study 13 has two important limitations. First, it must be noted that this paradigm does 

not enable to draw conclusions about the cause of difference between finished and interrupted 
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categories. As there is no baseline in the paradigm, we cannot decide whether our results were 

caused by the decreased activation of episodic representations from the completed categories 

or alternatively, increased activation of episodic representations from the interrupted 

categories. Second, the individual-differences results are not entirely conclusive because of 

the low sample size. Thus further research is warranted which controls for the two possible 

explanations of our results and enables the throughout investigation of individual differences. 

5.8. Conclusions 

The results of Study 9-12 indicate that goal-attainment is a crucial factor in the directed 

forgetting experiment. The directed forgetting effect only appeared for the observers, when 

the design included sharing the goals of the participant conducting the experiment. This 

indicates that the adaptive activation and suppression of episodic memory representations is a 

goal-directed process. In Study 13, we found further evidence, that goal-attainment is a 

crucial factor especially in strategic recall. In this paradigm, however, no suppressor effect 

involving trait worry and trait anxiety emerged.  
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Chapter 3: General discussion 

1. Summary of the results 

 The work summarized in this dissertation aimed to find evidence for two main 

predictions. Based on claims suggesting that cognitive control processes might underlie 

worrying (see Section 3.3, Chapter 1), Hypothesis 1 predicted that individuals who are 

characterized by a tendency to engage in worrying (i.e. trait worry) will perform better in 

tasks requiring cognitive control. This hypothesis, however, is at odds with a large amount of 

evidence suggesting that the tendency to show the sign and symptoms of anxiety (i.e. trait 

anxiety) is associated with performance-impairments in tasks requiring cognitive control, 

mainly because it is associated with an attentional bias away from task-relevant processing 

toward external and internal threatening stimuli (see Section 2.4, Chapter 1). Because trait 

anxiety and trait worry are related constructs, Hypothesis 2 suggest that they might 

overshadow each other’s effect, yielding a situation called suppressor situation in the 

literature of linear regression: partialling out the shared variance with trait anxiety, variance 

related to the detrimental effects of trait anxiety on cognition is removed and the positive 

correlation between trait worry and performance becomes observable (see Section 4, Chapter 

1).  

To find evidence for these hypotheses, the work summarized in the different thesis 

points aimed to investigate the interplay of trait worry and trait anxiety in determining the 

performance on a series of tasks which were related to different aspects of cognitive control. 

In the majority of the studies, hierarchical regression analysis was used: the zero-order effects 

of trait worry and trait anxiety were contrasted with their partial effects after partialling out 

their shared variance.  

As the first step of these investigations, the reliability and validity of the Hungarian 

version of Penn State Worry Questionnaire was established in Study 1-2 of Thesis 1. Then, 

this Hungarian version of the PSWQ was used in the following work to measure the level of 

trait worry (the well-known measure of trait anxiety, the Spielberger State Trait Anxiety 

Questionnaire has been already adapted earlier to Hungarian by Sipos & Sipos, 1983).  

Additionally, in Thesis 1, the effect of trait worry independent of trait anxiety was quantified 

and visualized in a pooled sample from Study 1-2. The calculation of a residual score enabled 
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to quantify for each subject the strength of his/her tendency of worry, relative to his/her trait 

anxiety level. Based on this score, cut points were calculated to isolate the group of people 

who have a strong tendency to worry in the relative absence of being anxious. These cut-

points were then applied later in Thesis 3 and 4.  

In Thesis 2, we investigated how trait worry and trait anxiety affects performance on 

the Iowa Gambling Task. The IGT assesses how automatic, intuitive processes (i.e. somatic 

markers) influence decision-making under ambiguous or uncertain conditions (i.e. when the 

long-term outcomes of specific behaviours are hard to compute). The results suggest that trait 

worry is related to better performance in the late phase of the task when cognitive control 

processes are involved to a greater extent. The results related to the early phase of the task are 

mixed, and there was no clear suppression situation present in any of the analyses.  

In Study 4-5 of Thesis 3, three tasks assessing different aspects of cognitive control 

were used: the listening span task is related to the simultaneous maintenance and 

manipulation of information, the n-back task involves the updating of the contents of WM, 

and finally, the letter fluency task requires the inhibition of activated representations and the 

flexible switching between different retrieval strategies. The predictions of the dissertation 

were justified only in the case of the letter fluency task: trait worry exerted a weak and 

nonsignificant positive, whereas trait anxiety a weak and nonsignificant negative effect on the 

number of generated words. After controlling their shared variance, both effects became 

significant yielding a suppressor situation (as evidenced by the significant Sobel-tests). 

Similar effect emerged in Study 6-8 reported in Thesis 4. In these studies, performance on 

different episodic memory tasks was assessed: the predicted suppressor situation was present 

only present if the task required strategic, controlled retrieval from episodic memory (i.e. free 

recall task), but not in other recall tasks (i.e. cued recall or recognition). Additional analyses 

suggested that the effect of trait worry on performance was mediated by flexible switching 

between phonological representations in the letter fluency task and by the effective 

reinstatement of the temporal context of the study episode in the free recall task.  

Finally, Thesis 5 focused on a rather specific control-process related to episodic 

memory. We examined the role of goal-relevance and goal-attainment on the suppression of 

irrelevant material using a modification of the well-known DF paradigm and a newly 

developed paradigm, the Goal Interruption Task. We found evidence that goal-relevance and 

goal-attainment are influencing the activation level of episodic memory representation, but 
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this effect seemed to be independent of both trait worry and trait anxiety. Nevertheless, a 

specific relationship between trait worry and strategic retrieval was observed.  

2. Trait worry and cognitive control  

Thus, in line with Hypothesis 1 of this dissertation, we could establish an association 

between trait worry and performance in tasks requiring control. Furthermore, in accordance 

with Hypothesis 2, in the majority of the studies, this association emerged only after 

controlling for the effect of trait anxiety. Table D.1 presents an overview of the results, with 

depicting both zero-order and partial effects of trait worry and trait anxiety. Besides, Sobel-z 

values are also presented signalizing whether the difference between the zero-order and the 

partial effect reaches the level of statistical significance. A positive correlation between trait 

worry and cognitive control emerged in the analyses summarized in Panel B of Table D.1. 

Additionally, after controlling the level of trait anxiety, a positive partial correlation between 

trait worry and cognitive control emerged in the analyses summarized in Panel A of Table 

D.1. In the tasks summarized in Panel C and D of Table D.1, no significant zero-order or 

partial effect of trait worry has been found.  

As can be seen, there was a clear link between trait worry and task-performance in all 

cases, if the task required strategic, controlled retrieval of information:  it was clearly present 

in all free recall tasks and also in the letter fluency task. Moreover the correlation between 

trait worry and switching to new categories in the GIT, another measure of strategic retrieval 

was also significant. Finally, not contained by Table D.1, the partial effect of trait worry was 

related to less intrusion errors in the listening span task, also indicating a link between trait 

worry and controlled retrieval processes.  

In contrast to this, trait worry was not linked to memory retrieval if appropriate cues 

were presented (recognition tasks, cued recall tasks in Study 6-8 and Study 13), or if such 

cues could be easily generated (free recall task in GIT, Study 13). Similarly, there was no 

‘general‘ link between trait worry and cognitive control, as trait worry was not linked to 

performance in either the n-back tasks or in the listening span task. 
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Study 5 LETTER FLUENCY SWITCH -0.11 0.2 -0.53 * 0.58** 2.62** -2.4 *

Study 5 LETTER FLUENCY SCORE -0.11 0.14 -0.38** 0.4** 2.71 * -2.57 *

Study 7 FREE RECALL PERCENTAGE -0.17 0.08 -0.5 * 0.44 * 2.24 * -2.59 *

Study 8 FREE RECALL PERCENTAGE -0.18 0.25 + -0.54** 0.59** 3.18** -2.91 **

Study 3 IGT LATE LEARNING INDEX 0.31 * 0.43** 0.05 0.4 * 2.35 * 0.25

Study 6 FREE RECALL PERCENTAGE 0.12 0.29 * -0.21 0.45 * 2.23 * -0.99

Study 13 GIT SWITCH TO NEW CAT 0.4 * 0.5** n.a. n.a. n.a. n.a.

Study 3 IGT-NET SCORE (TRIAL 1-40) 0.23 0.04 0.38 + -0.22 -1.11 1.9 +

Study 3 IGT EARLY LEARNING INDEX -0.31 * -0.1 -0.45 * 0.2 1.08 -2.27 *

Study 3 IGT-NET SCORE (TRIAL 41-100) -0.06 0.12 -0.26 0.29 1.48 -1.31

Study 6 RECOGNITION SENSITIVITY 0.03 0.09 -0.22 0.28 0.99 -0.78

Study 7 RECOGNITION SENSITIVITY -0.05 0.04 -0.24 0.23 1.07 -1.07

Study 5 3BACK TASK - HIT RATE -0.04 0.07 -0.17 0.18 0.99 -0.99

Study 3 IGT-NET SCORE (TRIAL 1-100) 0.03 0.11 -0.08 0.17 0.84 -0.39

Study 13 GIT CUED RECALL PERCENTAGE 0.12 0.15 0.01 0.15 0.99 0.24

Study 8 RECOGNITION SENSITIVITY -0.07 0.03 -0.15 0.13 0.74 -0.79

Study 5 2BACK TASK - HIT RATE 0.04 0.08 -0.03 0.09 0.99 -0.99

Study 5 LETTER FLUENCY CLUSTER SIZE -0.03 -0.09 -0.14 0.07 0.49 -0.33

Study 4 LISTENING SPAN TASK SCORE 0.08 0.08 0.05 0.04 0.15 0.21

Study 4 DIGIT SPAN TASK SCORE 0.11 0.07 0.13 -0.03 -0.13 0.59

Study 13 GIT - INTR MINUS COMPL 0.09 0.01 0.18 -0.12 -0.49 0.79

Study 13 GIT FREE RECALL PERCENTAGE 0.31 + 0.17 0.4 -0.13 -0.66 1.68

A)

B)

C)

D)

PSWQ
CRITERION

ZERO-ORDER PARTIAL SOBEL-Z

STAI-T 

(Step 1a)

PSWQ 

(Step 1b)

STAI-T 

(Step 2)

PSWQ 

(Step 2)
STAI-T

STUDY

Table D.1. Zero-order and partial correlations between the anxiety measures and different indices of 

cognitive performance. 

(A) Significant partial effect of both trait worry and trait anxiety yielding ,mutual suppression (B) Significant 

zero-order and/or partial effect of trait worry, no mutual suppression (C) Significant zero-order and/or partial 

effect of trait anxiety, no mutual suppression (D) No significant correlations 

+:p < .1, *:p < .05, **:p < .01; 

 

The case of the IGT might be an exception here with a mixed pattern of findings: trait 

worry was associated with better performance on the later stages of the task, in which 

cognitive control might be required. In contrast to the results related to strategic retrieval, 

however, there was no sign of suppression: the significant effect of trait anxiety disappeared 

after the common variance was partialled out, yielding a mediation effect. Regression 

analyses with the criterion variables measuring performance on the early stages of the task 

also showed a mixed pattern. Thus, albeit an association between trait worry and IGT-

performance was observed in the IGT task, the pattern of results differed from the results 

attained for tasks requiring strategic retrieval (e.g. mediation instead of suppression). As the 

IGT is a complex task with multiple processes involved (Bechara et al., 1997; Brand et al, 

2007), further studies with more precise measures assessing these different processes will be 

required to shed light on the interplay of trait worry and trait anxiety in this task. Furthermore, 

it is also possible that the mechanisms underlying the positive correlation between trait worry 

and performance in the late phase of the IGT differ from the mechanisms which are 
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responsible for the link between trait worry and strategic retrieval. In the IGT, as suggested by 

Mueller et al. (2010), trait worry might be linked to better performance because of the 

exaggerated processing of future negative events. This tendency might be related to the 

increased intolerance of uncertainty associated with worrying (Dugas et al., 2004), and not to 

superior cognitive control abilities. In contrast, the link between trait worry and strategic 

retrieval is hard to explain with increased levels of intolerance of uncertainty, and thus might 

be more closely related to the suggestions on the link between cognitive control and trait 

worry – thus this latter link will be further examined in the next section. 

3. Trait worry and strategic retrieval – possible explanations 

As described in the previous section, trait worry was specifically related to better 

performance in tasks which require the strategic retrieval of information. The results thus do 

not support a link between the tendency to worry and some kind of general cognitive ability, 

executive attention or WM-capacity. If this would have been the case then an association 

between trait worry and performance in the n-back tasks or in the complex-span task would 

have also emerged.   

The pattern of results, however, is in line with three related suggestions presented in 

the introduction, assuming that trait worry is associated with verbal predominance (Borkovec 

et al, 1998), left-frontal asymmetry (Heller et al., 1997, Engels et al, 2007) and a systematic 

information processing mode (Dash et al., 2013).  

 

In both the verbal fluency and the free recall tasks, processing of verbal material was 

required, thus the superior performance associated with trait worry might be related to this 

factor. Note, however, that trait worry was not associated with the performance in the digit-

span task (assessing the phonological loop), nor was it related to performance in other 

retrieval tasks, which also involved processing of verbal material. Moreover, we found a link 

between trait worry and performance when recalling pictorial information in Study 7. This 

pattern of results makes a simple explanation of verbal predominance unlikely. A more 

narrow interpretation of verbal predominance is thus required, which suits the pattern of 

results: trait worry might be linked to more efficient processing of verbal-conceptual material, 

which enables to make more efficient switches in semantic retrieval and enables to form a 

stronger temporal context which then influences selectively self-cued but not 

environmentally-cued retrieval.  
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Alternatively, the link between trait worry and verbal predominance might be 

mediated by the tendency of worriers to engage in systematic information processing, which 

is an analytical, verbal mode of information processing (Dash et al., 2013). Such information 

processing mode might enable the systematic and planned switching between different 

retrieval strategies and also the more systematic encoding of information during study. 

Moreover, systematic information processing might also explain the link between trait worry 

and IGT performance in the later phases of the task, when the analytic computation and 

systematic comparisons of risks associated with the different desks might be advantageous.  

 Interestingly, the brain activations associated with the tasks of interest and the brain 

sites associated with verbal predominance and systematic processing converge on one final 

pathway: the language-related brain network of the left prefrontal cortex. The left-hemisphere 

dominance of language processing is a well-known observation (see e.g. Vigneau et al., 2006) 

and the ‘verbal aspects’ of anxiety, worrying and anxious rumination have been linked to a 

left-frontal asymmetry (Heller et al, 1997, Engels et al, 2007) caused by the activation of left-

ventrolateral cortex. Interestingly, similar activations were found in association with verbal 

fluency, which was also associated with the activation of left inferior frontal gyrus (e.g. 

Costafread et al., 2006). Similarly, encoding operations in an episodic memory task are 

associated with left prefrontal cortex (see e.g. Cabeza & Nyberg, 2000). Moreover, the 

encoding of temporal context has also been suggested to involve a circuitry engaging the left 

prefrontal cortex and the hippocampus (Jenkins & Ranganath, 2010). Whereas the well-

known HERA model (hemispheric encoding/retrieval asymmetry, Nyberg, Cabeza, & 

Tulving, 1996) assumes that episodic retrieval engages the right prefrontal cortex, Nolde et al. 

(1998)  suggested that the left prefrontal cortex might be also involved if the retrieval process 

involves strategic, systematic processing (as in the free recall task). Finally, Dash et al. (2013) 

suggested that the evidence by Nolde et al. (1998) on the involvement of left-prefrontal cortex 

in strategic retrieval can be regarded as evidence that systematic processing elicits left 

prefrontal activation.  

 Thus, to sum up, the positive link between trait worry and strategic retrieval might be 

caused by a common background variable: the ease of complex processing and manipulation 

of verbal information. The superiority in this ability would evidently enhance the formulation 

of verbal worries and thus lead to an increased tendency to worry. Furthermore, it would lead 

to better performance in tasks requiring the controlled, strategic manipulation of verbal 

material (e.g. in a letter fluency task or during free recall). Finally, on the neural level, the 
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common pathway of verbal processing, strategic retrieval and worrying might be the left-

prefrontal cortex.  

An alternative, slightly more speculative explanation considers the role of interference 

sensitivity and temporal context: effective interference resolution might be a common 

requirement in the tasks linked to trait worry. Interference resolution is required for tasks 

requiring self-cued retrieval to a greater extent than for tasks requiring environmentally-cued 

retrieval: there are more competing cue-target associations in the former case. Furthermore 

interference resolution is present also in verbal fluency where the previously generated words 

can interfere with the generation of new items. Finally, the analysis of intrusion errors also 

confirms this suggestion in the listening span task. Thus, using the framework of Unsworth 

and Engle (2007, see Section 1.1.3 of Chapter 1), it is possible that trait worry is not related to 

the active maintenance of information in primary memory, but only to the retrieval of 

information from secondary memory in face of distraction and interference. This would 

explain why no link between trait worry and task performance was found in the n-back task, 

which is more related to active maintenance of information than to retrieval from secondary 

memory. 

A common underlying process of trait worry and interference resolution might be the 

functioning of the behavioural inhibition system. A rather unknown aspect of the 

neuropsychological theory of anxiety put forward by Gray and McNaughton, (2000) is that 

they suggest a common final neural and functional pathway for anxiety and (hippocampal-

dependent) memory (Gray and McNaughton, 2000; McNaughton, 1997; McNaughton, 

Wickens, 2003). According to Gray and McNaughton, the role of the BIS generally, and the 

hippocampus specifically is to detect and resolve conflicts between competing associations or 

goal-tendencies. In the case of anxiety and worry these tendencies are the simultaneous 

approach and avoidance tendency associated with a threatening stimulus, whereas in the case 

of memory retrieval, these competing tendencies are the competing cue-target associations. 

Thus hippocampal lesions produce a dense amnesia because of catastrophic hyperamnesia 

(McNaughton & Wickens, 2003), caused by the inability to resolve the conflict between the 

activated cue-target associations. Although conflict resolution is frequently linked to 

prefrontal networks by others (e.g. Nee, Wager, &Jonides, 2007), and there are several other 

theories of hippocampus-dependent amnesia (e.g. Nadel & Moscovitch, 1997; Zola-Morgan, 

& Amaral, 1986), some findings do suggest a link between hippocampus and anxiety (e.g. 

Bannerman et al., 2014; Davidson, & Jarrard, 2004). Interestingly, the positive effects of trait 
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worry on free recall performance were mediated by the reinstatement of the temporal context 

– a process associated also with the hippocampus (Jenkins & Ranganath, 2010). Thus, the 

association between the tendency to worry and good performance in tasks requiring strategic 

retrieval might be caused by the fact that both are a consequence of a hyperactive 

hippocampus and BIS. Note however, that this second suggestion is admittedly speculative 

and requires further research specifically aimed to investigate the relationship between trait 

worry, interference resolution and temporal context.  

4. Analysis of the suppressor situation 

One of the main predictions of this work was to find an interplay between trait anxiety 

and trait worry in determining performance in tasks requiring cognitive control. It was 

hypothesized that their opposite effects will be evidenced only after controlling their shared 

variance in multiple linear regression analysis. Thus, to investigate this issue, throughout this 

dissertation, a series of hierarchical regression analyses were conducted which investigated 

the zero-order and the partial effects of both trait anxiety and trait worry on several criterion 

variables associated with different aspects of cognitive control. When observing again the 

results of Table D.1, the results can be categorized according to the strength of the interplay 

between trait anxiety and trait worry. In Panel A of Table D.1, results from studies are 

summarized, in which the Sobel-test is significant for both variables, indicating that removing 

their shared variance boosts the predictive power of both trait worry and trait anxiety.  

Additionally, in the analyses summarized in Panel B of Table 1B, significant zero-order 

correlation between trait worry and the criterion was found and controlling for the level of 

trait anxiety did not change this link (in the case switch to new categories in the GIT, no 

multiple regression analysis was carried out due to low sample size).  For the two criterion 

variables in Panel C of Table D.1, only the zero-order or partial effect of trait anxiety reached 

the level of significance.  

 To interpret this pattern, we must take in consideration the exact nature of suppressor 

situation involved. Most investigators differentiate between different types of suppression, 

depending on the zero-order correlation between the suppressor variable and the criterion. In 

classical suppression, the suppressor and the criterion variable are not correlated, in 

cooperative suppression they are negatively, whereas in negative suppression they are 

positively correlated – assuming in all cases that the variables are scaled so that the other 

predictor is positively correlated with the criterion (Rosenberg, 1968; Cohen & Cohen, 1974; 
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Conger, 1974). A somewhat different conceptualization of suppressor situations was 

advocated by Tzelgov and Henik (1983) and Paulhus et al. (2004). They argued that 

suppressor situations can be best conceptualized as situations, were “two positively correlated 

predictors show more discrepant regression weights after they are included together in the 

same equation” (Paulhus et al., p. 319). The zero-order correlations between the two 

predictors and the criterion might be distorted by sampling variation and by their overlap 

which forces the zero-order correlations to converge. Thus regardless of the pattern of the 

zero-order correlations, after removing the common variance (in a multiple regression model), 

a stable pattern of opposite partial effects for the two predictors becomes visible.  

 Such stable opposite pattern is only evident for the free recall and the letter fluency 

data- where both partial effects are significant (Panel A of Table D.1). For interpreting the 

suppressor situations in Panel B and C of Table D.1, future studies with higher sample sizes 

would be required which could evidence a statistically significant mutual suppression.  

Nevertheless, in the case of the results summarized in Panel A of Table D.1, 

significant mutual suppression has been observed, as evidenced by the significant Sobel-tests. 

These consistent opposite partial effects of trait worry and trait anxiety are in line with 

previous findings indicating partial independence of the two constructs (Davey et al., 1992; 

Siddique et al., 2006) and support the idea that “worrying and anxiety can be considered as 

separate constructs, each with their own unique sources of variance” (Davey et al., 1992, p 

143).  

Nevertheless, one must bear in mind that these partial effects do not represent the 

impact of the original constructs, as the common part of the predictors’ variance is removed in 

multiple regression analyses. In the case of trait worry and trait anxiety, this common variance 

represents a substantial part of the variance of trait worry. For the relationship between trait 

worry and trait anxiety, in the pooled sample of Study 1 and 2 (N = 937), the estimated 

correlation coefficient was rs = .73, with a 95% confidence interval of .702 to .763. This 

correlation represents the part of PSWQ’s variance which is shared with STAI-T. 

Furthermore, in Study 1 (N = 42), the test-retest reliability of the PSWQ was rs = .87, with a 

95% confidence interval of .766 to .930. This correlation represents the part of PSWQ’s 

variance which is not attributable to measurement error. Because the two confidence intervals 

do not overlap, we can conclude that there is some unique variance in PSWQ which is not 

shared with the STAI-T and is not attributable to measurement error. Using the rs values, we 
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can calculate that this unique variance of PSWQ not related to STAI-T and not attributable to 

measurement error amounts to 22.4% of the variance of the original construct (0.8702 - 

0.7302). This is a small but definitely not a negligible proportion of the variance. However, 

drawing firm conclusions on this issue is hindered by the fact that the test-retest reliability 

estimate of the PSWQ has a relatively large confidence interval: based on the two extreme 

values of the confidence intervals, the unique variance of PSWQ lies between 0.004% 

(0.7662- 0.7632) and 32% (0.9302- 0.7022). Further research examining the test-retest 

reliability of the PSWQ with larger samples might shed light whether this unique variance is 

virtually negligible (it is close to zero) or indeed is a small but significant proportion of the 

variance of trait worry. Nevertheless, this latter conclusion is supported by our results, which 

showed that this small part of PSWQ’s variance is related to cognitive control functions in a 

specific and consistent way. It is, however, admittedly only a small part of the original 

variance of the construct, and this necessitates the careful investigation of what the 

“independent part” of the two constructs theoretically stands for (see also Lynam, Hoyle, & 

Newman, 2006; Paulhus et al., 2004). 

5. Characterization of the partial effects of trait worry and 

anxiety  

In this section, we will try to define and characterize the partial effects of trait worry 

and trait anxiety. The partial effect of trait worry can be defined as the effect of trait worry, 

once the effect of trait anxiety is held constant. This means that at every level of trait anxiety, 

participants can be categorized as having relatively high or low levels of trait worry. This 

statement is visualized in Figure D.1, where the partial effect of trait worry is indicated by the 

yellow-red arrows. Participant ‘A’ and ‘B’ both can be characterized by the same low level of 

trait anxiety, but participant ’B’ is characterized by higher levels of trait worry than 

participant ‘A’. Similarly, participants ‘C’ and ‘D’ are both high trait anxious, but participant 

‘D’ has a more pronounced tendency to worry. Thus, the finding of Study 6-8 suggesting that, 

after controlling trait anxiety, trait worry  is positively linked to free recall performance, 

indicate that that participant ‘B’ and ‘D’ will outperform participant ‘A’ and ‘C’.  

There are two more things to note. First, the average PSWQ score of participants ‘B’ 

and ‘D’ does not differ from the average PSWQ score of participants ‘A’ and ‘C’. This 

indicates that based on the PSWQ score alone, these individuals with good and with bad free 
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recall performance could not have been distinguished – this requires the examination of the 

PSWQ score relative to the STAI-T score. Second, participant ‘B’ with good free recall 

performance has the same medium-level PSWQ score than participant ‘A’ with bad free recall 

performance. However, the STAI-T score differentiates between them, thus revealing the 

partial negative effect of trait anxiety (represented by the blue arrow). At any level of trait 

worry, individuals with higher levels of trait anxiety will show worse performance.   

 

Figure D.1. Visualization of the partial effect of trait worry and trait anxiety 

 

 

 



150 

 Using Figure D.1, we can also determine the theoretical underpinnings of the 

independent part of trait worry and trait anxiety and we can also clarify the hypothesized 

causal links between the concepts involved.  

First of all, Figure D.1 makes it clear that the partial effect of trait worry does not 

represent worrying without being anxious, nor does the partial effect of trait anxiety represent 

being anxious without worrying. It does highlight the fact that individuals with similar levels 

of trait anxiety might exert a somewhat different tendency to worry, and in turn, individuals 

with a certain level of trait worry might show other signs and symptoms of anxiety to a 

different degree.  

To put it another way: the independent part of trait worry represents to which degree 

the anxiety experienced by a particular individual manifests itself in a tendency to engage in 

excessive worrying about future threats. For example, the anxiety of Participant ‘B’ is 

accompanied by an excessive problem-solving activity related to future threats, whereas this 

is not the case for participant ‘A’. Furthermore, our results in Study 5-8 suggest that 

individuals, who have a relatively high level of trait worry, as compared to their trait anxiety 

level (i.e. participants ‘B’ and ‘D’), will perform well in tasks requiring strategic, effortful 

retrieval of information. Regarding the causal status of this link: we suggest that the same 

cognitive control processes, which enable superior performance in these tasks, contribute also 

to the process of worrying (see Section 3 for an analysis about what specific processes and 

underlying brain areas might be involved). That is, due to these control processes, participant 

‘B’ and ‘D’ will perform well in tasks requiring strategic retrieval, and at the same time, their 

anxiety will be manifested in worrying, because they are able to use these cognitive control 

processes to engage in the mental-problem solving activity inherent in worrying. 

To formulate it on a more general level: the partial positive effect of trait worry on 

strategic retrieval in our regression models might reflect the fact that worrying is related to the 

ability to effectively recruit those cognitive control processes which contribute to successful 

performance in tasks requiring strategic retrieval (for candidate cognitive control processes, 

see Section 3). This ability might not be related to trait worry on the surface level, as 

evidenced by the low zero-order correlations in our data sets (i.e. the PSWQ score of good 

performing participants ‘B’ and ‘D’ is similar to the PSWQ score of participant ‘A’ and ‘C’, 

who perform not so well). This is caused by the fact that trait worry is associated with trait 

anxiety, which disrupts the retrieval process by reducing attentional focus on the task at hand 
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(Eysenck et al., 2007). By removing the shared variance of trait worry and trait anxiety (i.e. 

focusing on the contrast between participants ‘B’ & ‘D’ vs. participants ‘A’ & ‘C’), this latter 

effect is partialled out, and the link between the “independent part" of trait worry and 

effortful, strategic retrieval becomes visible or increases.   

Regarding the partial effect of trait anxiety, similar argumentation can be used. The 

independent part of trait anxiety might represent to which degree is the mental-problem 

solving activity related to future threats associated with other signs and symptoms of anxiety. 

For participant ‘B’, the tendency of future-oriented mental problem-solving is accompanied 

by a milder tendency to experience other signs and symptoms of anxiety than for participant 

“C”. The results of Study 5-8 indicate that participant ‘C’ performs worse on tasks requiring 

cognitive control than participant ‘B’. If the same cognitive control process determines the 

level of trait worry and the performance on these tasks, then their performance should be 

similar. The higher level of trait anxiety accompanying trait worry for participant ‘C’ however 

impairs task-performance to a greater degree (as described by the attentional control theory, 

Eysenck, 2007).  

Again, we can formulate this phenomenon on a more general level: the partial negative 

effect of trait anxiety on strategic retrieval might represent the link between trait anxiety and 

reduced attentional control (Eysenck et al., 2007). Because worrying, one sign of anxiety 

might be associated with effective recruitment of cognitive control processes required in 

strategic retrieval, this negative effect is not reflected in task-performance (the STAI-T score 

of participant ‘B’ and ‘D’ is similar to the PSWQ score of participant ‘A’ and ‘C’ ). 

Partialling out the shared variance with trait worry (i.e. focusing on the contrast between 

participants ‘B’ & ‘D’ vs. participants ‘A’ & ‘C’) removes this factor from the variance of 

trait anxiety, and thus increases the negative association between the “independent part” of 

trait anxiety and task-performance. 

 This latter interpretation explains the negative partial effects of trait anxiety seen in 

tasks requiring strategic retrieval. It does not explain the fact, however, why the negative 

effects of trait anxiety do not appear in other tasks of cognitive control (e.g. in the n-back 

task). Based on these data, no confirmative response can be given to this question. One 

explanation might be that the impairments caused by trait anxiety can be counteracted by 

utilising more processing resources, thus no impairment in processing effectiveness will be 

seen (see e.g. Eysenck & Calvo, 1992). Because our samples consisted of healthy 
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undergraduates with relatively low levels of anxiety, the relatively mild adverse effects of trait 

anxiety could have been compensated by the participants and this could explain the absence 

of negative effects related to trait anxiety. In the case of tasks requiring strategic retrieval, this 

‘counteracting’ process might have engaged those processes which are associated with trait 

worry. Thus, after controlling the level of trait worry, the negative effect of trait anxiety 

became visible in the linear regression analyses. In other tasks, however, controlling the level 

of trait worry did not remove the variance associated with this counteracting, thus no negative 

effect of trait anxiety emerged. This argumentation is admittedly speculative and does assume 

distinct cognitive processes underlying strategic retrieval and the other tasks measuring 

cognitive control, thus further studies targeting this issue are warranted.  

Finally, a cautionary note: the causal relations described in this section are deduced 

from the literature on trait worry, trait anxiety and cognitive control (See Chapter 1, Section 

2-4) and represent our view on the causal relations underlying the results summarized in this 

dissertation. As our results are correlational, however, they do not prove that this causal link 

is actually behind the shown relationship between trait worry and cognitive control (see also 

third limitation in the next section).  

6. Limitations and future studies 

Some limitations inherent in the methodology of the conducted studies have to be 

noted. First, our participants were undergraduate students, thus our results cannot be 

generalized to samples with high levels of pathological worrying.  Further studies should 

clarify whether the processes underlying strategic retrieval are associated with trait worry 

only in the context of nonpathological worrying or they can be also regarded as a 

‘vulnerability factor’ related to GAD. Related to this, we measured the level of worrying with 

the PSWQ, which is originally a measure of pathological worrying. If the association between 

worry and cognitive control is related to the ‘benign’ aspects of worrying (e.g. Watkins, 

2008), than using measures of nonpathological worrying should even lead to stronger results.  

Another limitation related to the samples used is the relative high level of general 

cognitive ability, which is probably characteristic of our university student samples. As 

cognitive ability played a moderator role in the effects of worrying on work performance 

(Perkins & Corr, 1995), our results might be also observable only on samples containing 

participants with higher levels of cognitive ability. 
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Third limitation refers to the causal relations. Although the effect of trait worry and 

trait anxiety was analysed throughout the dissertation, this was meant only in the statistical 

sense of the word (i.e. the predictor variable has an effect on the criterion). Despite this, our 

studies were correlational in nature, and this means that they can support our hypothesis about 

common underlying cognitive processes contributing to both trait worry and strategic 

retrieval, but they cannot prove it.  

Finally, all of our samples had relatively low sample sizes, fulfilling only the 

minimum requirements for conducting multiple linear regression analysis. The cause for this 

was that the possible effects of trait worry were tested in several domains of cognitive control 

and this required allocating research resources to several distinct experiments. After 

identifying the domains where the interplay of trait anxiety, trait worry and task performance 

is present, the next step could be to conduct studies with larger sample sizes, probably using 

structural equation modelling (SEM). SEM-models might shed light on several questions 

which were out of the scope of the statistical analysis presented in this dissertation (e.g. test of 

causal models or interpreting the partial effects in the suppressor situation).  

7. Conclusions  

The work summarized in this dissertation investigated the possibility that cognitive 

control processes underlie the tendency to engage in worrying. Using hierarchical linear 

regression analysis, it was shown that after controlling its shared variance with trait anxiety, 

trait worry was associated with better performance in tasks requiring strategic, controlled 

retrieval of information. In other task of cognitive control, no similar effects were found. 

These results thus suggest that the processes underlying good performance in tasks requiring 

strategic retrieval also contribute to the tendency to worry.  Our results certainly are not meant 

to imply that cognitive control “causes” pathological worrying and their adverse 

consequences. Good cognitive control processes, however, might function as a vulnerability 

factor, which might contribute to other processes described by theories of pathological 

worrying (e.g. cognitive avoidance or meta-worry). Furthermore, our results also suggest, that 

different cognitive processes might underlie different symptoms of a given psychopathology.  

Consequently, it is occasionally useful to deconstruct the broad descriptive categories of a 

given psychopathology (e.g., anxiety or depression) into well-defined, narrow constructs of 

specific signs or symptoms (e.g., worry, panic, obsession, rumination or lack of motivation). 

And finally, our results might demonstrate that combining the methodology of the 
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experimental and correlational traditions of psychology might result in findings which could 

not have been observed by using the methods of only one these traditions.  
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Appendix A - Partial regression plots 

 

 

Thesis 2, Study 3 

 

 
 

 



184 

 

 
Thesis 3, Study 4 

 



185 

 
Thesis 3, Study 5 

 

 



186 

 

 
 

 
 

 

 

 

 

 



187 

Thesis 4 , Study 6 

 

                    
 

                     
 

 

Thesis 4 , Study 7 
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Thesis 4 , Study 8 
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Thesis 5, Study 13 

 

                     

                      
 

 

                          
 

 

 

 

 

 

 

 

 



190 

Appendix B – Scatterplots of the residuals 

against the predictors 

Plot on the left side: standardized residuals against standardized predicted value 

Plot in the middle: standardized residuals against STAI-T 

Plot on the right side: standardized residuals against PSWQ 

Smoothing parameter set at α = .50 in all cases 

 

Thesis 2, Study 3, Criterion: ELI 

   
 

Thesis 2, Study 3, Criterion: LLI 

   
 

Thesis 3, Study 5, Criterion: letter fluency score 
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Thesis 3, Study 5, Criterion: switching score 

 
 

Thesis 4, Study6, Criterion: free recall 

 
 

Thesis 4, Study 7, Criterion: free recall 

  
 

Thesis 4, Study 8, Criterion: free recall 

 


