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Abstract

Task unrelated thought (TUT) refers to thought directed away from the current

situation; for example, a day dream. Encapsulated models of cognition propose that
qualitative changes in consciousness, i.e., the production of TUT, can be explained in

terms of changes in the quantity of resources deployed for task completion. In

contrast, distributed models of cognition emphasize the importance of holistic

processes in the generation and maintenance of task focus and are consistent with

the effects of higher order variables such as schemata. Three experiments were

conducted on healthy participants using a categorical stimulus organization to

contrast distributed and encapsulated views of cognition. Experiments 1 and 2

showed that despite the increased difficulty of the alphabetical verbal fluency task
fewer TUTs were produced during category fluency condition. Experiment 3 repli-

cated the categorical suppression of TUT while encoding and recalling information

in a memory task. The results of these three experiments support the predictions

derived from models of cognition emphasizing the importance of stimulus organi-

zation in the generation and maintenance of task focus and have potential impor-

tance for the scientific evaluation of cognition.
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1. Introduction

On occasions in which the relaxation process is especially slow consciousness will be the time

average over a dynamically changing set of patterns and thus would be expected to lead to a

‘‘fuzzy’’ or ‘‘unclear’’ phenomenal impression

—D. E. Rumelhart and J. L. McLleland et al.

1.1. Perception without awareness

In the field of research into consciousness a central question regards the issue of

whether all perception is accompanied by awareness (Kanwisher, 2001). It is gen-

erally agreed that robust evidence for perception without awareness does exist

(Kanwisher, 2001; Lewicki, Hill, & Czyzweska, 1992; Merickle, Smilek, & Eastwood,

2001). For example, Merickle et al. (2001) suggest that in the field of cognitive
psychology converging evidence leads to the conclusion that in some situations

‘‘stimuli are perceived even when observers are unaware of the stimuli’’ (Merickle

et al., 2001, p. 115). One area in which this investigation could proceed is through

the investigation of the features of the stimulus that are actually associated with the

contents of awareness: (i) low-level stimulus features such as stimulus detection, (ii)

midlevel features such as stimulus shape, or (iii) the high-level meaning of the stimuli

(Kanwisher, 2001). This article describes a series of three experiments that investi-

gate the role of higher level meaning in the maintenance of a stimulus in awareness.
In particular, this article investigates the role of stimulus organization in the main-

tenance of awareness, an aspect of information processing which is compatible with

a distributed view of the mind (PDP; Rumelhart, Smolensky, McLleland, & Hinton,

1986; see also the notion of a global workspace; Baars, 1988; Dennet, 2001).

Merickle et al. (2001) describe various different approaches to investigate the

dissociation between awareness and perception. Such approaches have focused either

on dissociating perception from awareness (for example, the work of Jacoby and

colleagues; Jacoby, 1998; Jacoby, Toth, & Yonelinas, 1993) or investigating the
qualitative differences between the consequences of this dissociation. In these ap-

proaches the content of awareness is controlled either by varying the stimulus

conditions (see Lewicki et al., 1992, for a review) or by dividing attention (e.g., Mack

& Rock, 1998). This article describes an alternative approach to the investigation of

situations in which the contents of awareness depart from the current stimulus set

(Kanwisher, 2001). The experiments described in this article investigate the pro-

duction of task unrelated thought (TUT) through the use of thought probes recorded

at the end of each trial. This paradigm has been described as the implicit dual task
paradigm (Smallwood, Obonsawin, & Reid, in press; Teasdale, Proctor, Lloyd, &

Baddeley, 1993; Teasdale et al., 1995) and is essentially similar to the traditional dual

task paradigm: We can infer the extent to which two tasks depend on the same re-

sources by the degree to which performance on task A interferes with the simulta-

neous performance of task B relative to the performance of task A alone. The main

difference from a dual task paradigm is that only one task is made explicit to

the participant. The second task, the production of TUT, is implicit and involves the

processing of self-generated material. The second task is not mentioned to the
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participant at any point during the experimental procedure. Using this paradigm it is

possible to investigate situations in which awareness departs from the processing of

task stimuli. By careful manipulation of the processes involved in the primary task it

is possible to investigate the aspects of task performance that are important in

maintaining attention upon task relevant stimuli. Moreover, this approach allows

the frequency of various categories of thinking to be compared with objective
measures of task performance.

Current perspectives on task focus suggest that individuals attempt to regulate

their behavior in response to their perception of current environmental demands

(Carver & Scheir, 1981; Matthews, Schwean, Campbell, Salkofske, & Mohamed,

2000) either (i) by deployment of task focused coping strategies or (ii) by attempting

to reappraise the situation in an attempt to reduce the perceived environmental

demands (Matthews et al., 2000). Task focus can therefore be considered to consist

of two aspects: Attention can be directed toward either (i) task completion or task
related thought or (ii) toward task reappraisal (task related interference, TRI;

Sarason, Sarason, Keefe, Hates, & Shearin, 1986). This is consistent with the the-

oretical position that the construct ‘‘worry’’ is best conceptualized as a preoccupa-

tion with one�s own task performance (Wells & Matthews, 1994). Moreover,

experimental evidence suggests that the report of TRI is positively correlated with

measures of intrusive thinking, while the report of task related thought (TRT) is

negatively correlated with the same measures, validating this distinction (Smallwood

et al., in press). In summary, the distinction between TRT and TRI is consistent with
the different methods people may use to self-regulate their performance in any given

situation (Matthews et al., 2000). On the other hand, attention can be directed to-

ward matters completely unrelated to the task (TUT; Giambra, 1995). TUT and the

related phenomenon, stimulus independent (SI) thought, both reflect a direction of

thought ‘‘away from the current situation’’ (Giambra, 1995). TUT is somewhat akin

to daydreams and can be considered ‘‘naturally occurring’’ situations in which at-

tention departs from the processing of task stimuli. It may be assumed that the di-

rection of thought depends on the individual�s current concerns (Giambra, 1995;
Klinger, 1978) or his or her schematic models (Teasdale & Barnard, 1993). We

emphasize the similarity between TUT and SI and use the term TUT to describe both

phenomena. The measurement of TUT represents a broad axis along which the

frequency with which a thought is directed toward an individual�s motivations and

goals can be described. The general nature of the measures made in these experi-

ments suggest that they are independent of some of the biases inherent in the verbal

self-report of the content of cognitive processes described by Nisbet and Wilson

(1977). While we examine changes in all three types of thinking in this article, the
greatest emphasis is on the relationship between TUT and the task at hand.

1.2. Encapsulated models

Maintaining task focus is often thought to depend on whether the task is ‘‘ef-

fortful’’ (e.g., Giambra, 1995). For example, early authors suggested that TUT was

the product of a general all-purpose limited cognitive resource (Antrobus, 1968).

Similar models have been proposed to explain the ‘‘unitary’’ nature of consciousness
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(e.g., Mandler, 1975; Posner & Kline, 1973). Encapsulated models of processing

propose that the amount of TUT produced is inversely proportional to the amount

of a particular type of resource deployed for task completion, a concept known as

‘‘effort.’’ Effort may be conceptualized in terms of bits of information processed per

second (Giambra, 1995). There is, for example, a robust and replicable influence of

presentation rate of stimuli on TUT production in a vigilance paradigm (e.g., An-
trobus, 1968; Giambra, 1995). In addition, increasing the size of a digit string to be

either recalled or shadowed decreases the report of TUTs in either an encoding or

shadowing task (Teasdale et al., 1993). In traditional studies, changes in various

types of thinking are driven by changes in low-level stimulus features. Viewed from

the perspective of an encapsulated system, qualitative differences in contents of

awareness must ultimately stem from quantitative differences in the deployment of

attentional and cognitive resources.

1.3. Distributed models

The notion of schema arose in cognitive psychology out of a need to recognize

that higher level structures are needed to describe the complex relations implicit

within our knowledge base (Minsky, 1975; Rumelhart, 1975). Schematic processing

has been demonstrated to play an important role in a wide range of processes, in-

cluding memory (Brewer & Treyens, 1981) and the reading/understanding of text

(Westby, 1999). A schematic approach to cognition provides a mechanism whereby
the global state of the system, the context of information processing, can facilitate the

processing of local information.

Accounts of cognition which are consistent with the role of global states in in-

formation processing (such as schemata) are those models which can be considered

‘‘distributed’’ (e.g., Faulconnier & Turner, 1998; Kennephol, 1999; Rumelhart et al.,

1986). A classic example of a distributed account of cognition is parallel distributed

processing (PDP; Rumelhart et al., 1986). In general, distributed models of pro-

cessing differ from encapsulated models of cognition in terms of how information is
represented. The crucial features of a PDP network are generally agreed upon

(Kennephol, 1999; Smolensky, 1999). Kennephol (1999) identifies three broad

characteristics of PDP networks. In PDP networks (1) information processing occurs

in parallel; (2) representations are not associated with a single entity but rather

distributed across the network as a whole; and (3) concepts are represented by ac-

tivation patterns across the system as a whole, therefore avoiding the necessity of a

central executive (Kennephol, 1999).

Distributed models of cognition appear to have particular relevance in the gen-
eration and maintenance of categorical processing (see Pinker, 1997). The notion

that categories cannot be conceptualized as explicit rule based entities is not new (see

Wittgenstein, 1953). The distributed approach to cognition is consistent with this

prototypical view of category membership (see Barsalou, Huttenlocher, & Lamberts,

1998; Mandeblit & Zachar, 1998, pp. 243–247; Rumelhart et al., 1986, pp. 183–192)

as both the prototypical view and the distributed approach share many assumptions

regarding categorical perception. For example, both the connectionist view and the

prototype view propose that category membership depends on frequent experience
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of category members (Barsalou & Huttenlocher, 1998). From the perspective of

distributed processing, categorical processing can be conceived of as a natural state

of a distributed network.

In terms of task focus, distributed models of cognition propose that task focus

must be considered a reflection of the relationship between the context of processing

and the target stimulus. For example, Rumelhart et al. (1986) argue that the ‘‘con-
tents of consciousness are dominated by the relatively stable state of the system’’

(p. 39). Unlike encapsulated models, therefore, distributed accounts of cognition

suggest that task focus will be higher when the stimulus forms a coherent relation-

ship with the context within which it is embedded (Rumelhart et al., 1986). In this

series of studies, information organized in a categorical fashion will be used to

contrast an encapsulated notion of cognition with a distributed notion of cognition.

1.4. Aims

The aim of this article is to compare the encapsulated and distributed approaches

to cognition in terms of their predictions regarding the maintenance of task focus. To

examine these different approaches to the production of TUT, this article compares

the degree to which stimulus organization predicts TUT production.1 Participants

are engaged in tasks to generate information (Experiments 1 and 2) or encode and

recall information (Experiment 3). In all three experiments the predictions of dis-

tributed and encapsulated models of cognition are compared by examining the
distribution of task focus across two tasks in which information which is organized

either (i) categorically or (ii) alphabetically. It is recalled that on the basis of the

‘‘traditional’’ encapsulated interpretation of task focus, TUT is inhibited in complex

demanding tasks, requiring a high degree of effort. It follows that TUT is inhibited in

a task which lacks a coherent schematic structure, as this task requires greater

‘‘effort’’ to process, thereby maintaining attention on the task at hand (Ellis &

Ashbrook, 1986). Based on an encapsulated/effort-driven notion of task focus, one

would expect task focus to be maximized in the more demanding alphabetical
conditions. In contrast, a distributed view of cognition would suggest that TUT

would be increased in situations in which the stimulus set is difficult to integrate, or

‘‘blend,’’ into a conceptual whole. Distributed processes therefore offer an alternative

prediction to that of an encapsulated system: That task focus will be greater in tasks

in which the stimuli represent a conceptual whole. Thus, the distributed account of

cognition predicts that task focus will be maximized in the processing of categorical

information, as the stimuli readily form a conceptual whole.

1 It must be noted that categorical processing in the models discussed above (e.g., Ellis &

Ashbrook, 1986) is not considered more effortful than nonschematic processing. In contrast,

schemata represent a quality of information which are ‘‘highly organized, having a clear

thematic structure’’ (Ellis & Ashbrook, 1986, p. 31) and are therefore considered easier to

process. It is important to note that this ease of processing cannot be ascribed to any particular

stimulus characteristic, but rather is a function of the organization and meaning of the

stimulus set. On the basis of this clear predictions regarding TUT can be derived.
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1.5. Methodological considerations

Several issues must be addressed regarding the methodology employed during

these experiments. First, when measuring a phenomenon such as a daydream it is

critical to provide conditions whereby the dependent measure, in this case TUT,

occurs with sufficient frequency to guarantee the measurement of reliable differ-
ences. Two methods are commonly used to ensure this is the case. First, experi-

menters may choose tasks with artificially low demands (see the shadowing task

reported in Teasdale et al., 1993) to ensure that participants experience a large

number of thoughts which diverge from the current situation. Second, experi-

menters often engage participants in cognitive tasks which have a large number of

trials, thereby maximizing the likelihood that any particular participant will ex-

perience a TUT by virtue of the amount of the time spent on task. While these

approaches demonstrate reliable findings, they can be criticized in terms of eco-
logical validity. The methods employed to maximize the report of daydreams are

inconsistent with the findings of the same researchers who argue that (i) low task

demands (Giambra, 1995) and (ii) increased practice on a task (Teasdale et al.,

1995) increase the report of TUT. For example, Teasdale and colleagues demon-

strated that significantly more TUTs were reported in blocks four, five, and six

than were reported in blocks one, two, and three (pursuit rotor and memory load

tasks; Teasdale et al., 1993) suggesting that long cognitive sessions will increase the

frequency of TUT. In the contexts of long sessions with artificially low task de-
mands, therefore, it may be difficult to isolate which variables are important in

determining task focus. Moreover, the attempt to maximize the frequency of TUT

during a cognitive task reflects the implicit assumption that the mechanisms which

maintain attention upon a task are ubiquitous and do not depend on the level of

task focus engendered by the task at hand.2 It is our belief that task focus should

be conceptualized as a continuum with situations of distraction at one extreme and

situations where task focus is the norm at the other. If this is the case, a thorough

understanding of task focus requires the examination of both ends of the task–
focus continuum. In this series of experiments tasks were chosen which engender

task focus in the participants and will therefore generate fewer examples of TUT

than are reported in the low effort conditions described in other paradigms (see

Teasdale et al., 1993, 1995). Furthermore, we ensured that participants were en-

gaged in as small a number of blocks as possible to prevent the inevitable decrease

in task focus during a cognitive task leading to results that were not representative

of normal situations. Replicable nonparametric statistical differences in the report

of TUT observed in these circumstances will provide meaningful differences in task
focus that should be considered in conjunction with evidence from situations in

which task focus is reduced.

Second, traditional research into the reports of TUT often focuses on ‘‘classic’’

vigilance tasks in which participants are essentially engaged in a meaningless signal

2 At present we have no evidence that this assumption is warranted; in fact it may be more

likely that effort and task focus display a Yurkes–Dobson relationship.
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detection task (see Giambra, 1995). This choice of task allows the experimenter to

control for the role more informative stimuli, such as words, may play in main-

taining task focus. While the use of uninformative stimuli may afford the investi-

gation of basic processes such as effort, their use prohibits the investigation of higher

level constructs such as stimulus organization. Moreover, recent functional magnetic

resonance imaging (fMRI) evidence suggests that the experience of TUT requires
many of the same areas of the brain as are required for the processing of semantically

meaningful stimuli (Binder et al., 1999). Furthermore, in the only published study

examining the predictions of an encapsulated system on the production of TUT

during a task with meaningful stimuli (text) interest, but not difficulty, determined

the report of TUT (Grodsky & Giambra, 1989). The tasks described in this article,

therefore, involve the processing of meaningful stimuli to reflect the fact that in

everyday situations, people encounter stimuli that are rich in information.

2. Experiment 1

2.1. Aim

The aim of Experiment 1 was to compare task focus during the performance of
two tasks that differ in terms of the organization of the information processed

(categorical versus alphabetical information) without differing in terms of either the

resources required for processing or the type of processing required.

2.2. Method

2.2.1. Participants

Twenty healthy participants were recruited by advertisement. All participants
took part in a pretest semistructured interview in which participants responded in the

affirmative if they currently or at any time in the past suffered from any psychiatric

(depression, anxiety, or substance-related problems) or neurological conditions. No

participant indicated in the affirmative. The age range was from 19 to 51 with a mean

age of 35 years (SD¼ 10.48). Of the sample of 20 participants, 10 were male.

2.2.2. Design

The effects of the experimental treatments were compared using a repeated-
measures design. Each condition contained four trials of each fluency task lasting on

average 2min. The order of presentation for each condition was counterbalanced.

2.2.3. Procedure

Thought probes. Throughout the course of these experiments all thought probes

were recorded at the end of the block. Before beginning, the first task each partic-

ipant was informed as follows:

When you hear this noise [buzzer sound], I would like you to stop what you are doing and tell

me exactly what is passing through your mind as you heard the sound of the buzzer. I do not
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want you to tell me what you were thinking about during the trial, just what was passing

through your mind when you heard the buzzer.

Thought classification. Thoughts were recorded verbatim onto a pad of paper and

later classified by the examiner and two judges blind to the hypothesis of the ex-

periment. Thoughts were classified into one of three types of thoughts. TRTs are

defined as thoughts fully in the ‘‘here and now’’ and therefore related to the task at

hand. An example of TRT is ‘‘I was thinking of the words.’’ TRIs reflect either

awareness of the present situation but not the current time or vice versa. An example

of TRI is ‘‘I did really poorly that time.’’ Finally, TUTs reflect thoughts with no
relationship to the task at hand or the current situation. An example of TUT is ‘‘I

was thinking about what I was going to do this evening.’’ The dependent measure in

these studies was the frequency of each type of thought. The total number of re-

corded thoughts per task was four, and therefore eight thoughts per individual were

recorded for analysis. Interrater reliability was calculated separately for each type of

thought as described by Teasdale et al. (1995). The total number of thoughts for

which the raters agreed was divided by the total number of thoughts. This calcula-

tion yielded interrater agreement of 94% for TUT, 84% for TRI, and 92% for TRT.
Where the raters disagreed further discussion was sought until the disagreement was

resolved.

Tasks. TUT production during the performance of two tasks was compared:

verbal fluency (VF) and category fluency (CF). In both tasks, the stimuli, either

letters or categories, were presented visually on a pad of paper. Participants were

informed that (s)he would be shown a stimulus for a limited time period and that

during this time period they must try generate as many words as possible appropriate

to that stimulus. It was also explained that participants could not use numbers or
brand names in this task. A buzzer signaled the end of the trial, at which point the

thought probe occurred. For the VF task, the four letters S, P, V, and J were used.

These letters were chosen to reflect a wide range of number of words generated to

different letters, as described by Cauthen (1978). For the CF task, the four categories

employed were girls� names, countries, musical instruments, and weather phenom-

ena. These categories were chosen to reflect a wide range of different categories, as

described by Battig and Montague (1969).

2.3. Results

2.3.1. Task performance

To examine task performance the total number of words produced in both con-

ditions was compared. A higher number of words were produced in the CF
(mean¼ 22.0, SD¼ 4.0) than in the VF task (mean¼ 17.0, SD¼ 3.2). This difference

was compared using a paired t test and was significant at the p < :001 level

(t ¼ 6:105).

2.3.2. Thought production

Table 1 shows the frequency of thoughts reported across both tasks. Each type of

thought was treated as a separate comparison with paired Wilcoxon tests. A main
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effect of stimulus organization was observed for all types of thought:

TRT Z ¼ �2:6; p < :01; TRI Z ¼ �2:8; p < :01; and TUT Z ¼ �2:6; p < :01.
More TRIs and TUTs were reported in the VF than in the CF task, and more TRTs

were reported in the CF than in the VF task.

2.4. Discussion of Experiment 1

It is difficult to reconcile the results of Experiment 1 with the claim that task

focus is produced within an encapsulated processing resource. Task focus was

greatest in the CF task across all domains studied; TUT, TRI, TRT, and task

performance. In particular fewer TUTs were reported during the performance of

the task requiring categorical processing (CF) than during the performance of the
task requiring alphabetical processing (VF), even though the CF task requires

fewer resources for completion than the VF task (Ellis & Ashbrook, 1986).

Moreover, more words were produced during the CF than the VF task, ques-

tioning the notion that more effort, in this case directed towards searching for a

relevant word, tends to lead to a increase in task focus in all circumstances. The

results, on the other hand, are compatible with a model of cognition that em-

phasizes the role of distributed processing in the maintenance of task focus, as the

context of word generation was important in maintaining attention on task rele-
vant stimuli.

An alternative hypothesis for the pattern of results from Experiment 1 would be

that the higher volume of task relevant information being processed during the

performance of the CF task serves to focus the participant on the task at hand. It is

difficult to ensure that a similar number of words is produced in both conditions, as

this depends on individual differences in performance. In fact, we propose that

greater word production and the greater task focus reported during the performance

of the CF task are consequences of the meaningful nature of the CF task. Therefore,
these difficulties were overcome by externally pacing the CF task to reduce word

production to an equitable number of words as produced in the internally paced VF

paradigm.

To control for the possibility that the external pacing of the CF paradigm would

decrease task focus via a similar mechanism, both fluency tasks were paced exter-

nally and a comparison was made between internally and externally paced condi-

tions. If no effect of external pacing on TUT production is observed, it can be

concluded that the external pacing in the CF task did not change task focus.

Table 1

The number of each type of thought reported during both tasks during Experiment 1

Verbal fluency Category fluency

TRT 44 67

TRI 27 11

TUT 9 2

Note. TRT, task related thought; TRI, task related interference; TUT, task unrelated

thought.
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3. Experiment 2

3.1. Aim

Experiment 2 examined the possibility that task focus was enhanced during the

performance of the CF task than on the VF task because more words are produced
in the CF than in the VF task. Each fluency tasks had two associated conditions. The

rate of word production was either internally paced or paced externally by a beeping

noise recorded on an audio cassette. Differences in the frequency of TUT when word

production was equated across conditions would suggest an effect of categorical

processing independent of the quantity of correct stimuli processed during task

completion. This allowed experimental testing of the notion that the number of

words generated in the fluency task would determine task focus.

3.2. Method

3.2.1. Participants

Eighteen healthy participants were recruited from the University�s Department of

Psychology by advertisement. They were screened for any psychiatric or neurological

conditions as in Experiment 1. As before, no participants indicated in the affirmative.

The mean age of the sample was 29.8 years (SD¼ 10.8). Of the 18 participants,

9 were male.

3.2.2. Design

A 2� 2 within-participants design with repeated measures on both factors

(stimulus organization and pacing) was used. The conditions were counterbalanced

so that an equal number of each category or letter were internally paced and ex-

ternally paced. The order of presentation of the tasks was counterbalanced.

3.2.3. Procedure

Tasks in the internally paced condition were performed as described in Experi-

ment 1. The externally paced condition required the individual to produce the ap-

propriate information only when they heard a beeping noise on a prerecorded

audiocassette. The mean frequency of the beep was one every 5 s. Thought probes

were introduced as described under Experiment 1. Each participant performed two

trials of externally and internally paced fluency for both stimulus organizations (a

total of eight trials per participant). All trials lasted approximately 2min. The in-

terrater agreement was calculated as in Experiment 1 and was as follows:
TUT¼ 93%, TRI¼ 95%, and TRT¼ 89%.

3.3. Results

3.3.1. Task performance

The mean number of words reported in each condition is displayed in Fig. 1. An

analysis of variance yielded significant main effects of both task [F ð16Þ ¼
31:5; p < :001] and of pacing [F ð16Þ ¼ 19:98; p < :001]. Post hoc t tests indicated no
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difference in the number of words produced in the internally paced VF task and the

externally paced CF task [tð17Þ ¼ 0:59; p ¼ :60].

3.3.2. Thought production

The number of times each type of thought was reported in each condition is

displayed in Table 2. Wilcoxon tests were used to investigate differences between

specific conditions.

There was no main effect of pacing (external versus internal) on any type of

thought (for all comparisons, p > :15). A main effect of stimulus organization was

observed for TUTs ðZ ¼ �2:9; p < :01Þ, TRIs ðZ ¼ �2:0; p < :05Þ, and TRTs

ðZ ¼ 3:0; p < :01Þ with a greater number of TRIs and TUTs reported in the VF task

than in the CF task. A greater frequency of TRTs were reported in the categorical
task. Each condition was treated as a separate comparison for the purpose of

analysis. For the internally paced condition, significant differences were observed

at each level of thought (TRT, Z ¼ �2:66; p < :01; TUT; Z ¼ �2:11; p < :05). In
the externally paced condition, no differences were observed for either TRTs

ðZ ¼ �1:4; p < :05Þ or TRIs (Z ¼ �0:72; p < :05). A significantly greater number

Fig. 1. Experiment 2: The number of words generated by the participants in categorical or

verbal fluency in internally and externally paced conditions.

Table 2

The number of each type of thought reported during internally and externally paced condi-

tions of CF and VF reported during Experiment 2

Task Pacing

Verbal fluency Category fluency

Internal External Total Internal External Total

TRT 12 14 26 23 24 47

TRI 13 15 28 8 10 18

TUT 10 7 17 3 2 5

Note. TRT, task related thought; TRI, task related interference; TUT, task unrelated

thought.
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of TUTs were observed in the VF than in the CF task ðZ ¼ �2:23; p < :05Þ. This
result replicates and extends the results of Experiment 1.

To examine the production of TUT in conditions when word production was

equated, a comparison was made between the number of TUTs reported during

externally paced CF and internally paced VF. A significantly greater number of

TRTs were reported in CF than in VF (Z ¼ �2:44; p < :05), and a higher number of
TUTs were reported in VF when compared to CF (Z ¼ �2:31; p < :05). No dif-

ference was observed in the frequency of TRIs between the two tasks (p < :05).

3.4. Discussion of Experiments 1 and 2

The results from Experiments 1 and 2 are consistent with models of cognition

which emphasize an unencapsulated process in maintaining task focus. All measures

of task focus were greatest in the categorical fluency task. For example, in both
experiments participants reported significantly fewer TUTs in CF than in the VF

paradigm. Even when the number of words produced in the fluency tasks was

equated by externally pacing the CF task, significant differences were observed be-

tween tasks, with participants reporting fewer TUTs during the performance of CF

than of VF. Moreover, both the number of words generated and the report of

cognition reflecting reappraisal of the task (TRI) were consistent across the inter-

nally paced VF task and externally paced CF task, providing evidence that a com-

parable amount of resources were employed across both conditions. Based on these
results any explanation for the production of task focus in terms of the amount of

task relevant material processed must be set aside.

It is important to place the effects of TUT inhibition in context before it is possible to

evaluate the importance of any single process in the maintenance of task focus. Fur-

thermore, it is necessary to examine the hypothesis that the effects described above are

specific to fluency tasks and therefore do not represent a generalizable phenomenon.

4. Experiment 3

4.1. Aim

The aims of Experiment 3 were as follows: First, we wanted to examine the effects

of a categorical stimulus organization in the context of other processes thought to

inhibit TUT: differences in process (Teasdale et al., 1993) and differences in the rate

of stimulus presentation (Antrobus, 1968). Second, we wanted to investigate the
effects of categorical processing on task focus in tasks other than fluency tasks. We

therefore examined the difference in TUT production during two verbal memory

tasks requiring either categorical or alphabetical processing. To examine the effects

of different cognitive processes, the encoding and recall phases of the memory task

were compared. Finally, fast and slow presentation speeds were compared to ex-

amine the role of the rate of stimulus presentation.

This design allowed the effects of all three processes to be compared, enabling the

effect of categorical processing to be examined in a meaningful context. Further-
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more, if an effect of categorical processing was observed in a memory task it could be

assumed with some confidence that effect of categorical processing on TUT was a

relatively generalizable phenomenon.

4.2. Method

4.2.1. Participants

Twenty participants were recruited from the University�s Department of Psy-

chology by advertisement. They were screened for any psychiatric or neurological

conditions. No participant indicated in the affirmative. The mean age of the sample

was 24.5 years (SD¼ 5.4 years).

4.2.2. Materials

In both tasks word lists with a length of 20 words were presented during the
encoding conditions. Word lists for the alphabetical conditions were developed from

the Teachers Word Book (Thorndike & Lorge, 1944). Words with a frequency of

greater than five per million were used to control for frequency of usage. Words for

the categorical condition were derived from categories described in Battig and

Montague (1969). Categories were selected on the basis of overall frequency (boys�
names, items of clothing, four-legged animals, and colors) and the word lists con-

sisted of the 20 most frequent words in each category. In all conditions words were

presented visually on a sheet of paper.

4.2.3. Design

A within-participant design with repeated measures on three factors (stimulus

organization, type of task, and presentation pace) was employed. All trials were

counterbalanced and lasted approximately 90 s.

4.2.4. Procedure

Participants were instructed that they would be shown a list of words, organized
either by category or first letter. Their task would be to remember as many words as

possible, as they would be asked to recall the words later. They were further instructed

that they would be required to read the word aloud, after they had heard a beep on an

audiocassette. Thewordswere paced at either one every 4 s (fast) or one every 6 s (slow).

The recall condition was similar to the externally paced fluency conditions, de-

scribed above, with the difference that the words produced were those recalled from

the encoding phase. Recall was paced in the same manner as in the encoding phase.

As in Experiment 2 participants took part in two trials per level of experiment
yielding a total of 16 trials. Thought probes were introduced as before, thoughts

were classified as described above. Interrater agreement for thought classification

was as follows: TUT¼ 91%, TRI¼ 86%, and TRT¼ 94%.

4.3. Results

Task performance. The number of words recalled during Experiment 3 were as

follows: SLOW CATEGORICAL¼ 13.3 (0.6), FAST CATEGORICAL¼ 21 (0.8),
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SLOW ALPHABETICAL¼ 12.2 (0.5), and FAST ALPHABETICAL¼ 15 (0.08).

These differences were examined using a two-way ANOVA with repeated measures

on both speed and stimulus organization. Significant main effects of both STIMU-

LUS ORGANIZATION [F ð1; 19Þ ¼ 173:2; p < :001] and SPEED [F ð1; 19Þ ¼ 41:2]
were found. Moreover an interaction was observed [STIMULUS ORGANIZA-

TION� SPEED, F ð1; 19Þ ¼ 14:65; p < :01]. This interaction was followed up by
calculating the effects of speed on recall in both stimulus organizations. This index

was distributed as follows: CATEGORICAL¼ 4.8 (1.1) and ALPHABETI-

CAL¼ 2.9 (0.6). A post hoc Bonferoni-corrected t test indicated that this difference

was significant [tð19Þ ¼ 6:1; p < :001].
The number of thoughts produced in each condition are shown in Table 3. A main

effect of stimulus organization was observed at each level of thought, indicating that

significantly fewer TUTs (Z ¼ �3:51; p < :01) and TRIs (Z ¼ �2:02; p < :05) were
reported in the categorical compared to the noncategorical condition. This indicates
that more TRIs and fewer TUTs were reported in the categorical blocks of the

memory task. Finally, significantly more TRTs were reported in the categorical

condition (Z ¼ �3:13; p ¼ :002). A main effect of speed of presentation was ob-

served for TUTs (Z ¼ �3:1; p < :01) and for TRIs (Z ¼ �2:7; p < :05) but not for
TRTs (Z ¼ �:28; p < :05). Finally a main effect of type of task was only observed

for TUTs (Z ¼ �2:3; p < :05), indicating that more TUTs was reported while en-

coding than recalling information.

To examine an interaction between the effects of presentation speed and stimulus
organization, two separate indices were calculated by subtracting the number of

thought of each type produced in the fast condition from the number produced in

the slow conditions for each stimulus organization task. This calculation provided an

index of the change in thought resulting from the increase in the rate of stimulus

presentation and can be seen in Table 4. An organization� presentation speed in-

teraction was observed for TUTs (Z ¼ �2:4; p < :05), indicating that the produc-

tion of TUTs was effected by presentation pace during the alphabetical stimulus

organization to a greater extent than during the categorical condition. In addition,
an organization� presentation pace interaction was observed for TRTs (Z ¼ 2:1;

Table 3

The frequency of reported thoughts across each condition of Experiment 3a

Type of

task

Process speed

Categorical Alphabetical

ENC REC ENC REC

Slow Fast Slow Fast Slow Fast Slow Fast

TRT 34 25 30 31 11 24 24 20

TRI 2 14 9 8 15 12 8 17

TUT 4 1 1 1 15 8 3 3

Note. TRT, task related thought; TRI, task related interference; TUT, task unrelated

thought.
a ENC refers to the encoding phase, and REC refers to the recall phase of the memory task.
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p < :05), again indicating that presentation pace determined the generation of TRTs

in the alphabetical stimulus organization only. No interaction was observed for the

report of TRIs ðp < :05Þ.
To examine a possible interaction between stimulus organization and type of

process an index was calculated to reflect the effect of the process in each stimulus

organization. This index was calculated by subtracting the number of thoughts of

each type produced in the encoding phase from the recall phase (Table 4). This index

provided a numerical score reflecting the change in each type of thought between
the encoding and recall conditions of each task. This allowed a comparison between

the effects of changes in process on the generation of each type of thought across the

categorical and noncategorical conditions. These indices were compared using a

paired Wilcoxon test. No significant interaction was observed for any type of

thought (p > :05).

4.4. Discussion of Experiment 3

The results of Experiment 3 can be summarized as follows: Categorical processing

during a memory task maintains task focus more effectively than does noncategorical

processing. In addition, faster stimulus presentations decreased task irrelevant

thinking (TUTs and TRIs) in general, although this difference was statistically

greater for the alphabetical stimulus organization. Finally, the report of TUTs was

decreased during the recall condition in comparison with the encoding condition.

These results replicate the role of a categorical stimulus organization obtained in

Experiments 1 and 2 with fluency tasks.

5. General discussion

The results of these studies indicate that task focus can be maintained by a cat-

egorical stimulus organization, whether that organization is generated by the indi-

vidual or presented by the investigator. Categorical organization of stimuli or task

Table 4

The effects of presentation pace on categorical and alphabetical stimulus organizations in

Experiment 3a

Effects of Presentation pace

Categorical Alphabetical

TRT )10� 9

TRI 13 6

TUT )3� )17

Note. TRT, task related thought; TRI, task related interference; TUT, task unrelated

thought.
a Positive values indicate an increase with either presentation pace or process.
* Significant differences between categorical and alphabetical condition at p < :01 (paired

Wilcoxon test).
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elements enhances all aspects of task focus, regardless of the rate of presentation of

stimuli, the rate of production of elements (e.g., words), or the nature of the task.

Investigators have previously reported that the nature of the stimulus is a greater

determinant of the content of thought and the occurrence of TUTs than is the dif-

ficulty in processing the stimulus. For example, during the reading of prose pro-

duction of TUTs is dependent on the degree of interest in the contents of the text, but
not on the degree of difficulty in reading the text (Grodsky & Giambra, 1989). In

addition, studies on self-image indicate that words that are rated as being highly self-

referent influence the direction of thought more than do words that are not so rated

(e.g., Klinger, 1978). The obvious importance of either the nature of the stimulus or

its organization proves troublesome for an encapsulated model of cognition. The

suppression of TUTs under such conditions can be explained only by a cognitive

system that is sensitive to certain stimulus characteristics or aspects of stimulus

organization.
In support of the role of categorical processing in the maintenance of TUTs,

recent fMRI evidence has suggested that semantic processing is important in the

maintenance of task focus (Binder et al., 1999). Binder and colleagues have observed

a similar pattern of activation in the medial prefrontal cortex when processing either

(i) semantic information or (ii) during situations in which individuals experience a

high number of TUTs (Binder et al., 1999). The role of a semantic network of brain

structures involved in the generation and maintenance of TUTs provides an objec-

tive measure that corroborates the findings of this series of investigations.

5.1. Methodological limitations

It must be acknowledged that the words used in Experiment 3 may differ on more

dimensions than organization (e.g., imageability) and furthermore could represent

effects specific to the eight categories utilized within these studies and may therefore

not be an effect of categorical organization. However, we do not believe this to be the

case. Three reasons can be proposed to support this argument.
First, there exists an infinite number of categories or schemata, and therefore the

typical category does not exist (Johnson-Laird, 1988). Deductive experimentation

cannot show an effect of all categories, it can only demonstrate that specific cate-

gories lead to a demonstrable effect in a specific instance. Battig and Montague�s
(1969) norms on categories were used to ensure that the categories chosen would

cover as wide a range of frequency of categories as possible. Our results demonstrate

that information organized according to a wide range of categories have a greater

effect in reducing TUT production when compared to alphabetically organized in-
formation. Second, Experiments 1 and 2 required participants to generate specific

stimuli, and thus control over other dimensions (e.g., imageability) was not possible.

While the imageability of the stimuli may have influenced the thoughts reported in

Experiment 3, this series of experiments demonstrated an effect of category when the

stimuli were both internally and externally derived. This independence between the

source of stimuli and the effects of categories lends credibility to this argument.

Third, the results clearly demonstrate that the nature of the stimulus, be it its or-

ganizational or stimulus characteristics, must be accounted for when modeling
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TUTs. An encapsulated processing model provides an inadequate explanation for

the enhancement of task focus, either through the organization of information or via

individual stimulus features.

A second problem associated with this series of studies is concerned with the

measurement of the concept of ‘‘effort.’’ Throughout this series of studies effort was

inferred indirectly on the basis of theoretical interpretations (Ellis & Ashbrook,
1986) which were validated by objective measures of task performance. Moreover,

cognition reflecting reappraisal of the task (TRI) was generally less frequently re-

ported during the processing of a categorical stimulus organization, suggesting that

participants experienced lower subjective stress during that task (Matthews et al.,

2000). The use of objective measures such as task performance are clearly important

when dealing with subjective phenomenon such as TUTs. An alternative method for

measuring effort is through verbal self-report. Verbal measures of effort are (i) less

objective, (ii) increase the likelihood that participants become aware of the purpose
of the experiment, and (iii) place demands on the participants memory, questioning

the validity of the measure of self-report (see Ericsson & Simon, 1980, 1984).

Nonetheless, it should be recognized that the measurement of effort via task per-

formance alone is a limitation to these studies and therefore future work should

measure effort in terms of both performance and verbal self-report.

Finally, the low frequency of TUTs reported in this study questions the degree to

which the findings can be generalized to other paradigms that research the same

question (see Giambra, 1995). We propose three reasons why these findings are
important and should be considered in conjunction with previous work in the field.

First, it should be noted that the rate of TUT production is comparable in frequency

to the high working memory conditions reported elsewhere (Teasdale et al., 1995).

For example, Teasdale et al. (1995) produced approximately 0.2 examples of TUTs

per block during the performance of a working memory task. This rate is broadly

comparable to the frequency of TUTs during the verbal fluency tasks in Experiments

1 and 2 (0.12 and 0.23, respectively) and the frequency of TUTs reported in the

alphabetical memory task (0.29). While these rates of TUTs are quite low they are in
line with literature published in the same area (Teasdale et al., 1993, 1995) suggesting

that the report of TUTs in the context of a working memory task is an infrequent but

reliable phenomena. Second, the investigation into the effects of higher order stimuli

features such as categorical processing presupposes that the stimulus contain some

informative value. However, recent research using fMRI suggests that semantic

processing suppresses the production of TUTs (Binder et al., 1999). It is likely,

therefore, that an inevitable decrease in the production of TUTs will accompany the

processing of semantic stimuli, and therefore the investigation of categorical stimuli
will inevitably lead to lower levels of TUTs than are observed when the stimuli are

less informative. Finally, recent research by this team has investigated the categorical

suppression of TUTs during both the encoding and shadowing of information

(Smallwood, Baracaia, Lowe, & Obonsawin, submitted). In this series of studies the

categorical suppression of TUT was observed during the encoding condition but not

during the shadowing condition. This finding suggests that the categorical sup-

pression of TUT is not a consequence of the stimulus organization per se, but

depends on the stimulus being actively incorporated into a coherent memory trace.
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The low base rate in TUT proves troublesome as it cannot be over come by (i)

lowering the task demands (see above) or (ii) increasing block length, as this will

increase TUT through the effects of practice and therefore introduce unwanted

variance (Teasdale et al., 1995). The only possible solution is to measure TUT using

an alternative methodology. Giambra (1995) describes a method in which partici-

pants report all the examples of TUT experienced during a block rather than only
those experienced at the end of the block. This will presumably increase the fre-

quency of TUT and therefore future work should attempt to replicate the findings

described in this article using the methodology employed by Giambra (1995).

5.2. Speculative conclusions and future directions

The findings of the three experiments described in this article are consistent with

distributed models of processing, as the effects of categorical processes are a natural
process for a dynamic network (see Barsalou et al., 1998). At a basic level this

process could well be a result of the fact that the stimulus in the categorical condition

made more ‘‘sense’’ than stimuli organized around a letter of the alphabet. Thus the

naturally occurring change in awareness that TUT describes may well be propor-

tional to the degree to which the incoming stimuli can be incorporated into the

participant�s ‘‘current state of knowledge.’’ Furthermore, and more importantly

from a theoretical perspective, this study provides empirical evidence that higher

order stimulus characteristics can function to maintain the integrity of awareness
and perception (see Kanwisher, 2001). Based on these findings it appears that par-

ticipants can maintain their attention on a stimulus with a meaningful organization

with greater ease than stimuli with a less meaningful organization. It remains to be

seen whether this effect is robust enough to occur in situations in which attention is

experimentally directed away from a stimulus (e.g., Mack & Rock, 1998).

Finally, it is worth drawing the reader�s attention to a theoretical problem which

exists in this framework of research. Research has indicated the importance of both

lower level variables, such as presentation pace, and higher order variables, such as
interest or schemata in the maintenance of task focus. In theory a distributed net-

work needs no ‘‘central executive’’ (see Kennephol, 1999), and therefore processing

effects such as ‘‘effort’’ are difficult to incorporate as there is nowhere that a bot-

tleneck can occur. For example, it is unclear from a distributed processing per-

spective why increasing the presentation pace of information should decrease TUT

production, a well-replicated phenomenon in various tasks (shadowing and memory

tasks, Teasdale et al., 1993; vigilance tasks, Giambra, 1995). In contrast, a limited

resource model can readily explain the effects of effort by the role of a ‘‘bottleneck’’
in a specific processing resource, but struggles to account for the role of stimulus

organization in the maintenance of task focus.

A satisfactory account of the pattern of evidence described in this article and else-

where requires a theoretical model which can account for two aspects of the phe-

nomenonof task focus: (1) a large body of evidence demonstrates effort-driven changes

in task focus (e.g., Giambra, 1995); and (2) the results of the three experiments de-

scribed herein, and several other reports (Binder et al., 1999), highlight the importance

of the stimuli processed during task completion in the maintenance of task focus.
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One possible method of accounting for these disparate findings is through a model

of information processing in which various distributed processes are recruited to

serve a current goal (see the buffered processing account of Interacting Cognitive

Subsystems framework, Barnard & Teasdale, 1991; Teasdale & Barnard, 1993; or the

consciousness as fame metaphor, Dennet, 2001; global workspace model, Baars,

1988). Viewed in this context, effort and categorical processing both function to
‘‘recruit’’ a greater proportion of various distributed resources toward the current

goal. In the case of effort the recruitment occurs on an ‘‘explicit’’ need basis (Dennet,

2001). In the case of categories, on the other hand, task focus would be maintained

by the mutual facilitation between the target stimulus and the context within which it

is embedded (Rumelhart et al., 1986), providing each individual stimulus with

greater clout for recruiting responses3 (Dennet, 2001, p. 225). This hypothesis rep-

resents an important direction for future research to address.
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