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Abstract

Two contrasting views of the nature of working memory as it underlies language comprehension were investigated in two experiments using a reading interruption paradigm.  The architectural view comprises models of working memory with capacity-limited buffers that store information at a fairly superficial level.  The representational view comprises models that emphasize a high degree of semantic organization that supports efficient retrieval of needed information.  Participants read pairs of passages, either one before the other (in the continuous condition) or with the sentences of the two passages interleaved (in the interruption condition).  In addition, the similarity of the types of passages (narrative or expository) in a pair was manipulated.  Performance was measured with self-paced reading time of the sentences and with accuracy in answering comprehension questions.  The resilience of language processing in the face of interruption and the effects of similarity are more consistent with representational approaches to working memory in language comprehension than with architectural views.

The Effects of Interruption on Working Memory 

During Discourse Processing

Interruption of a cognitive task is something that can occur either naturally or in the laboratory.  Because working memory is needed to bridge the time of the interruption, the resilience with which people can resume a task after interruption can be revealing about the characteristics of working memory that underlie that task.  Our interest in this paper is in the nature of working memory underlying language comprehension, particularly as it handles interruption during reading.  Different views of working memory in language processing lead to different predictions about how interruption should affect the process of reading comprehension.

The traditional approach to working memory focuses on its cognitive architecture, specifying different working memory structures and the limitations imposed by their finite capacities.  This approach is exemplified by the classic model of Baddeley and Hitch (1974), who proposed a system comprising three components, the central executive, the phonological loop, and the visuo-spatial sketchpad.  Work in this tradition by Baddeley and his colleagues has described some of the many ways in which such a working memory system might be involved in language processing (Baddeley, 1986; Baddeley, 1997; Gathercole & Baddeley, 1993).  

The work of Glanzer and his colleagues (Fischer & Glanzer, 1986; Glanzer, Dorfman, & Kaplan, 1981; Glanzer, Fischer, & Dorfman, 1984) provides a similar architectural approach to working memory and language comprehension, by positing that short-term storage during language comprehension consists of approximately two sentences of verbatim information that is used to help interpret subsequent information.  This view of working memory was supported by a series of experiments using an interruption paradigm, in which the maintenance of sentences in memory was disrupted by imposing a distractor task (e.g., addition problems or the reading of unrelated sentences) between sentences in a paragraph.  Reading times were longer for the sentence immediately after the interruption than when that same sentence occurred in a continuous paragraph; accuracy in answering comprehension questions about the paragraph was undiminished by the interruption.   The effect of interruption was greater when the interpretation of the post-interruption sentence was dependent on the preceding material than when it was not (Fischer & Glanzer, 1986).  Finally, because the interruption effect was not diminished by reinstatement of thematic information after the distractor task but was countered by reinstatement of the last one or two sentences that preceded the interruption, Fischer & Glanzer (1986) concluded that verbatim (not thematic) information is what must be maintained in memory for processing of the text. Thus, Glanzer’s model is like Baddeley’s in that it posits a short-term store of limited capacity that contains linguistic information at a relatively superficial level.

An alternative to these architectural views is provided by Ericsson and Kintsch’s (1995) notion of long-term working memory, which emphasizes the idea that people are very effective in quickly creating elaborate, semantically-based structures in memory that can be accessed rapidly and accurately when needed.  This ability is particularly apparent in domains where people have expert skill, such as language comprehension.  Since the knowledge is represented in long-term memory, it is maintained over long periods of time.  This extension of working memory into long-term memory allows experts to circumvent the limited capacity of short-term memory, and can account for the ability of experts to be interrupted in a task and then resume it without difficulty.

Other psycholinguistic work has also described a role for an organized, semantic working memory representation in language processing.  Gordon, Hendrick, & Johnson (2001) reported an effect of similarity of NP-type on the reading times of object- and subject-extracted relative clauses.  Gordon, et al., suggest that this effect arose due to the memory interference caused by the similarity of the representations generated during reading.  Gordon, Hendrick, & Levine (2002) found that memory loads composed of similar-type words to those in a following sentence exacerbated the effect of sentence complexity on reading times, again suggesting a role for similarity-based interference in language processing.  Such interference is compatible with a representational account of the role of working memory in reading.

The ability to resume language comprehension, after interruption with unrelated material, by relying on an elaborate semantic representation in long-term memory has also played an important theoretical role in computational linguistics.  Grosz (1977; see also Grosz & Gordon, 1999) noted cases where pronominal reference was easily understood even though the referent appeared several sentences earlier, because the topic structure of a discourse was such that the discourse segment containing the appropriate referent could be easily retrieved.  Other psycholinguistic work has also shown that referential expressions can sometimes be readily understood even without nearby referents if the text being understood facilitates effective memory retrieval (Greene, Gerrig, McKoon, & Ratcliff, 1994), a view of memory in language that also stresses general principles of retrieval from long-term memory.    

These two general approaches to working memory  suggest different roles for working memory in language comprehension.  The architectural account (Baddeley, 1986; Fischer & Glanzer, 1986; Glanzer, et al., 1981; Glanzer, et al., 1984) describes specific, limited stores for certain types of information, while the representational account  emphasizes the efficient organization of semantic information in long-term memory (Ericsson & Kintsch, 1995).  The distinction between the two models might be debated using concepts such as chunking, pointers to long-term memory, or other short-term structural mechanisms that interact with long-term memory representations.  But such mechanisms ultimately depend on some kind of organized, semantic information, and thus are dependent on the ability to organize mental representations, a critical facet of the representational view.  We wish here to distinguish between models that do suggest a role for an organized, semantic representation in memory (be it long-term working memory or not) and models that do not (such as that proposed by Glanzer, et al.), and instead rely on relatively unprocessed, verbatim information from a text for language processing.  

Both of these types of models lead to the prediction that interruption will disrupt the process of comprehensive reading; however, the two models propose different explanations for any such disruption.  The architectural approach leads to a prediction that interruption should affect reading by means of occupying the mechanisms by which information from a text is remembered; in other words, interruption will disrupt reading if working memory capacity is taxed, regardless of the type of texts being processed.    In contrast, the organizational approach leads to the prediction that interruption should affect reading comprehension to the degree that the interruption disrupts the efficient retrieval of information from organized long-term memory structures.

If the two types of general models of the role of working memory in language processing both lead to the same prediction that interruption will disrupt reading, can we use an interruption paradigm to discriminate between these models?  We can, if we design an interruption experiment that would address the underlying mechanisms proposed by each model for the occurrence of such a disruption.  For example, an architectural account of working memory suggests that it should not matter what type of information is presented during an interruption to reading (what does matter is the amount of information to be maintained and processed).  The representational account, on the other hand, suggests that the type of interrupting material will affect the magnitude of the disruption to reading.  According to this account, representations in memory interfere with one another, and the magnitude of that interference is influenced by the similarity of the representations.  Similar representations will cause more interference than dissimilar representations.  Interleaving two similar texts, therefore, should cause more disruption than interleaving two dissimilar texts.  If the long-term memory structures can be easily differentiated – as in the case of an interrupting material that is in some way dissimilar – fast retrieval of information after an interruption should be facilitated relative to less easily differentiated memory structures.

In the experiments described herein, we asked participants to read four-sentence narrative and expository texts in a self-paced reading paradigm.  Each text was paired on presentation with another text of the same style (for example, a narrative paired with a narrative) or of a different style (for example, a narrative paired with an exposition).  These styles differ along such dimensions as word frequency, sentence length, and syntactic complexity, such that two passages of the same type are more similar to each other stylistically than passages of different types.  The passage pairs were presented in a continuous format (in which a reader saw all four sentences of the passage A, followed by the four sentences of passage B) or in an interleaved format (in which a reader saw sentence 1 of passage A, followed by sentence 1 of passage B, followed by sentence 2 of passage A, then sentence 2 of passage B, etc.) (see Table 1 for an example).   Architectural models and representational models lead to the common prediction that the reading of a sentence will be slowed in the interleaved condition relative to the reading of that same sentence in the continuous condition.  An architectural account would explain this effect as being due to the taxation of working memory capacity caused by the addition of the interrupting material.  A representational account would explain this same effect as being due to the increased difficulty of maintaining and accessing multiple text representations in long-term memory.

Although both types of models predict an effect of interruption on reading, the representational view leads to an additional prediction about the effect of the similarity of the two passages in a pair.  This view suggests that the construction and maintenance of a representation by working memory of two similar passages will be made more difficult (relative to dissimilar passages) due to interference.  We would thus expect, according to this view, an interaction between interruption and similarity; in other words, any detrimental effect that we see of interruption on reading should be exacerbated for pairs of passages that are similar (relative to those that are dissimilar).  We expect to find this effect on the reading times of the first sentence of the second passage in an interleaved pair, as it is upon switching to the construction and maintenance of this representation that readers will experience interference.  An architectural view of the role of working memory in language comprehension does not support such a prediction of an interaction between interruption and passage similarity; there is no role in such a model for the type of interrupting material.

Experiments 1 and 2 were designed to differentiate between the architectural and representational accounts of the role of working memory in language processing.  The designs of the two experiments were the same except for two changes.  In Experiment 1, we provided participants with an explicit marker (a “+” at the beginning of each sentence of the second passage in a pair) to alert them to the switch from one passage to the other; in Experiment 2, we removed this marker.  In Experiment 1, we encourage processing of the texts for comprehension by asking one question at the end of each passage pair; in Experiment 2, we increased this demand by asking two comprehension questions about each pair.  Based on these modifications from Experiment 1 to Experiment 2, we expected the effects of interruption to be greater in the second experiment.  All other aspects of the design of the experiments were the same; because of the similarities between the two experiments, they are presented with a single method section.

Experiments 1 & 2

Method

Participants
Sixty-four undergraduate students at the University of North Carolina served as participants in each of the two experiments, for a total of 128 participants.  They received course credit for an introductory psychology course for their participation.

Stimulus materials
Forty, four-sentence narrative passages and forty, four-sentence expository passages were constructed for the experiments. The narratives consisted of short stories about named characters and their actions.  The expository passages were culled from a textbook on world history, and briefly described some historical event or fact.  Table 1 presents an example of the passages.

Stimulus materials
Forty, four-sentence narrative passages and forty, four-sentence expository passages were constructed for the experiments. The narratives consisted of short stories about named characters and their actions.  The expository passages were culled from a textbook on world history, and briefly described some historical event or fact.  Table 1 presents an example of the passages.

Four passages (two narratives and two expositions) were combined in pairs to form one complete set of experimental items.  Each of the two passages in a pair could be either a narrative or an exposition; four stimulus pairs were created to be counterbalanced for first-passage type and second-passage type, with each combination of first and second appearing equally often.  Each participant saw the two mutually-exclusive pairs from each set of four, for a total of forty pairs containing two unique passages each.  The presentation of the items could be either continuous or interleaved, and each item was presented in each form an equal number of times. An example of the eight versions of one set (based on a crossing of first-passage-type by second-passage-type by presentation) can be seen in Table 1.  The serial position of a passage in the pairs (whether the passage appeared first or second) remained constant for that passage.


In Experiment 1, the sentences of the second passage in each pair (in both the continuous and the interleaved conditions) were marked with a “+” at the beginning to alert participants to the switch from the first to the second passage.  Participants were informed about the presence of the “+” in some passages and about its function as a indicator of the switch to the second passage.  These explicit cues were removed in Experiment 2 (see Table 1) to see if the effect of interruption would be exacerbated in their absence.  In both experiments, participants were instructed that the presentation of the two texts in a pair might be interleaved, and that they should try to read the both passages for comprehension.  In both experiments, in the interleaved condition, the presentation of the paragraphs alternated after each sentence; the participant read one sentence from passage A, then one from the passage B, then the next one from passage A, etc., until all four sentences from both passages had been presented.

In Experiment 1, a single true/false question was included for each item to ensure that participants would read the passages for comprehension. Half of the true/false questions referred to the first passage of the pair, and the other half referred to the second passage.  In Experiment 2, a second comprehension question was created for each passage in the pair.  Each participant was presented with two comprehension questions for each item, one referring to the first passage and one referring to the second (see Table 1).  The order of the questions was counterbalanced, such that on half of the trials, participants answered a question about the first passage first, and on the other half they answered a question about the second passage first.
Design and procedure
An additional eight pairs of passages (one of each experimental type) were constructed to form an initial warm-up block.  The 40 experimental items were grouped into five subsequent experimental blocks of eight items each (one in each experimental condition). Four groupings of the experimental items were constructed so that a given participant read each experimental item once and read equal numbers of items in each of the eight conditions.


Participants read the passage pairs on a personal computer; they were told to read at a natural pace and for comprehension.  Sentences were presented one at a time and participants pressed the space bar after reading each sentence.  After the passage was complete the true-false comprehension question(s) was presented.

Results

Experiment 1

Reading Time
Analyses of variance were conducted on the mean reading times per word.  Previous research leads to the expectation that the reading times of the first sentence of a passage would be substantially slower than those of the subsequent three sentences, a well-established finding that has been interpreted as representing the additional processing that is required to establish a discourse representation in working memory (Cirilo & Foss, 1980; Haberlandt, 1984; Haberlandt, Berian, & Sandson, 1980).  Accordingly, we have done separate analyses on the reading times per word for the first sentence and for the average of the second through fourth sentences.  

Second passage: Figure 1 depicts the mean reading times per word for the critical first sentence of the second passage.  There was a main effect of interruption on the reading times of this sentence, F1 (1, 63) = 21.43, p < .001 (by subjects), F2 (1, 19) = 32.93, p < .001 (by items); as well as a main effect of similarity, F1 (1, 63) = 4.92, p = .03, F2 (1, 19) = 5.86, p = .026.   These main effects were moderated by a significant interruption x similarity interaction; the disruptive effect of interruption on the reading of the first sentence of the second passage was greater when that second passage was paired with a first passage of a similar type (relative to a different-type pairing),  F1 (1, 63) = 7.74, p = .007, F2 (1, 19) = 6.15, p = .023.  Table 2 shows that readers continue to experience a disruptive effect of interruption [F1 (1, 63) = 48.11, p < .001, F2 (1, 19) = 19.43, p < .001], but recover from the moderating effect of similarity on interruption (F1 and F2 < 1), when reading the subsequent three sentences of the second passage in a pair (Table 3 for results of the ANOVAs).

First passage:   Reading times and inferential statistics are shown in Tables 2 and 3.  The presentation to the reader of the first sentence of the first passage of a pair is always the same, regardless of the experimental condition; it is therefore not surprising that we found no significant effect of interruption, similarity, or the interaction of the two variables on the reading times of this sentence.  We also found no significant effect of interruption, similarity, or the interaction of the two on the reading times of the subsequent three sentences of the first passage. 

Comprehension Question Accuracy:

Participants did not show a significant difference in their ability to answer questions that referred to the first or second passage of each pair, F1 and  F2  < 1; we therefore present analyses of comprehension accuracy collapsed across this variable.  The mean accuracy on the comprehension questions for similar and dissimilar passages in both continuous and interleaved presentation forms in Experiment 1 is presented in Table 4.


Interruption did not have a significant effect on participants’ question-answering accuracy, F1 (1,63) = 1.74, p = .191, F2 < 1, nor was there a significant effect of match-of-passage-type on question accuracy, F1 (1, 63) = 2.68, p = .107, F2 (1, 19) = 3.37, p = .884.  No interactions of the experimental factors were significant.

Experiment 2

Reading Time
Analyses were performed in the same manner as the preceding experiment.

Second passage: Figure 2 depicts the mean reading times per word for the critical first sentence of the second passage.  As in Experiment 1, there was a main effect of interruption on the reading times of this sentence, F1 (1, 63) = 23.13, p < .001, F2 (1, 19) = 25.24, p < .001. There was no main effect of similarity (F1 and F2 < 1).   The main effect of interruption was again moderated by a significant interruption x similarity interaction; the disruptive effect of interruption on the reading of the first sentence of the second passage was greater when that second passage was paired with a first passage of a similar type (relative to a different-type pairing),  F1 (1, 63) = 8.69, p = .004, F2 (1, 19) = 3.56, p = .075.  Tables 5 and 6 show that readers continue to experience a disruptive effect of interruption [F1 (1, 63) = 20.79, p < .001, F2 (1, 19) = 26.07, p < .001], but recover from the moderating effect of similarity on interruption (F1 and F2 < 1), when reading the subsequent three sentences of the second passage in a pair.

First Passage:   Reading time results and supporting statistics are shown in Tables 5 and 6.  As in Experiment 1, the presentation to the reader of the first sentence of the first passage of a pair is always the same, regardless of the experimental condition, and again we found no significant effect of interruption, similarity, or the interaction of the two variables on the reading times of this sentence.  In this second experiment, in which we strengthened our manipulation of interruption, we found a main effect of this variable on the reading times of the second, third and fourth sentences of the first passage; participants read these sentences more slowly when they are interleaved with the sentences of the second passage in the pair (relative to the reading of these sentences in the continuous condition), F1 (1, 63) = 6.19, p = .016, F2 (1, 19) = 8.12, p = .01.  The main effect of similarity, and the interaction of similarity and interruption, were not significant for these sentences (all F1 and  F2  < 1).

Comprehension Question Accuracy:

In Experiment 2, two comprehension questions were asked on each trial, one referring to the first passage in the pair, and one referring to the second passage.  The order in which these were asked was counterbalanced, such that half the time the first comprehension question referred to the first passage, and half the time it referred to the second passage.  We analyzed the responses to these comprehension questions separately.

Analysis of variance revealed that participants were significantly more accurate at answering the first comprehension question when it referred to the second passage (on half of the trials) than when it referred to the first passage (on the other half of the trials) (by subjects, F1 (1, 63) = 3.92, p = .052; this difference was not significant by items, F2 < 1); however, because this factor did not interact with any other experimental variables, we present analyses of comprehension accuracy on the first question collapsed across this variable.  The mean accuracy on the first comprehension questions for similar and dissimilar passages in both continuous and interleaved presentation forms in Experiment 2 is presented in Table 7.


Participants were more accurate at answering the first comprehension question after reading passages in the continuous condition relative to the interleaved condition, F1 (1, 63) = 6.86, p = .011, F2 (1, 19) = 9.05, p = .007.  There was no significant effect of similarity on first-question accuracy, F1 and F2 < 1.  No interactions of the experimental factors were significant.

Participants did not show a significant difference in their ability to answer second questions that referred to the first (on half of the trials) or second (on the other half of the trials) passage of each pair, F1 and  F2  < 1; we therefore analyzed comprehension accuracy collapsed across this variable.  The mean accuracy on the comprehension questions for similar and dissimilar passages in both continuous and interleaved presentation forms in Experiment 1 is presented in Table 8.  There was no significant difference in participants’ ability to answer this question based on experimental condition.

Discussion


We began by introducing two contrasting views of the role of working memory in language comprehension.  The architectural approach (Baddeley, 1986; Baddeley, 1997; Gathercole & Baddeley, 1993; Fischer & Glanzer, 1986; Glanzer, et al., 1981; Glanzer, et al., 1984), describes working memory as a set of structures of limited storage capacity for particular kinds of (relatively superficial) information about a text.  The memory organizational approach (Ericsson & Kintsch, 1995) describes working memory as an efficiently organized semantic representation of a text in long-term memory that supports rapid and accurate retrieval of information needed for comprehension; while there may be some limits to the capacity of short-term memory, this approach characterizes the ability to organize memory representations as the fundamental memory constraint on language comprehension.  These two approaches led to different predictions about the effect of interruption on reading.  The first approach suggests that interruption will disrupt reading if the interruption causes working memory’s capacity to be reached or exceeded; this approach does not predict an effect of the type of material that is being read.  The second approach, on the other hand, predicts that interruption will affect reading if the interrupting material disrupts the efficient organization of semantic information in long-term memory.  This view, then, describes a moderating function for the type of material being read; material that makes this semantic organization in long-term memory more difficult will exacerbate the disrupting effects of interruption on reading.  This representational view thus generates the additional prediction (beyond that of an effect of interruption on reading, suggested by both models) that the similarity of the interrupting material to the text being read will influence the extent of the resulting disruption.


To explore this question, we conducted two experiments using the same narrative and expository passages in the same types of experimental items.  Passages were presented in continuous or interleaved pairs that varied in their similarity; participants read pairs of the same types of passages (two narratives or two expositions), or pairs of different types of passages (a narrative and an exposition).  In both experiments, the passages of a pair were interleaved after a single sentence.  In Experiment 1, participants were provided with an overt cue (the presence of a “+” sign) to help them to differentiate between the first and second passage of a pair; in Experiment 2, this cue was removed.  Additionally, in Experiment 1, participants answered only one comprehension question (referring to either the first or the second passage in a pair), whereas in Experiment 2 we presented participants with two comprehension questions, one about each passage in the pair.

Our results provide evidence that the type of representational processes described by the organizational view of working memory play a very important role in reading comprehension.  First, we demonstrated a main effect of interruption on reading in both experiments (and on comprehension question accuracy in the second experiment).  This supports the notion that the maintenance of text information in working memory is affected by interruption.  Second, we found that the initial reading of the second passage in a pair is disrupted more if the first passage in the pair is of a similar type than if it is of a dissimilar type.  Again, the architectural approach would not predict any effect of similarity on the magnitude of the effect of interruption; the organizational approach would, such that more similar texts make efficient organization of the two in memory more difficult (due to interference).  The fact that this similarity effect fades also seems consistent with the organizational approach; the similarity of the two passages initially makes it difficult to differentiate their two representations in memory, but once this has occurred, the similarity of the two has less impact.  Accordingly, our results support the organizational/representational approach toward characterizing the critical aspects of working memory during higher-level language comprehension.  Of course, it is possible that an architectural approach to working memory could be elaborated so as to account for our findings, but current architectural characterizations do not predict our results while they are derived very naturally from the organizational/representational view.


In summary, our two experiments used interleaved texts to examine the effect of interruption on reading.  Our results support the view of the role of working memory in language processing as a system whose function comprises the creation and maintenance of an elaborate, semantic representation of a text and the efficient retrieval of this representation from long-term memory.   
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Table 1:  A sample stimulus set, created by combinations of a first and second narrative and a first and second exposition in continuous and interleaved forms.  The plus signs (explicit markers of the second passage) were present in Experiment 1, but removed in Experiment 2.  The second comprehension question was included in Experiment 2 (but not in Experiment 1).  Note: Each participant was presented with two passages from this set, the two mutually-exclusive passages of the same presentation type (a. and c., or b. and d., for example).

	Narrative followed by narrative
	Susan wanted to buy Tom a puppy as a Christmas present.  

	(continuous presentation)
	She told him about the idea in advance.  

	
	She went to the pet store last weekend.  

	
	The Dalmatian puppies were the cutest.  

	
	[+]Chris picked Laura for the track team even though they hate each other.  

	
	[+]He really wants to win the next meet.  

	
	[+]He runs the 100 meter and the 500 meter events.  

	
	[+]It takes a lot of dedicated practice to succeed at racing.

	
	T or F:  Susan wanted to buy Tom a kitten. 

[T or F:  Laura is Chris's best friend.]

	
	

	Narrative interrupted by narrative
	Susan wanted to buy Tom a puppy as a Christmas present.  

	(interleaved presentation)
	[+]Chris picked Laura for the track team even though they hate each other.  

	
	She told him about the idea in advance.  

	
	[+]He really wants to win the next meet.  

	
	She went to the pet store last weekend.  

	
	[+]He runs the 100 meter and the 500 meter events.  

	
	The Dalmatian puppies were the cutest.  

	
	[+]It takes a lot of dedicated practice to succeed at racing.

	
	T or F:  Susan wanted to buy Tom a kitten. 

[T or F: Laura is Chris’s best friend.]

	
	

	Exposition followed by exposition
	Neanderthal men walked erect and had big brains.  

	
	Though they were in other ways more primitive than Homo sapiens, they represent a great evolutionary stride.  

	
	One striking example is their use of technology to overcome the environment.  

	
	For instance, we know from evidence that Neanderthal men wore clothes.  

	
	[+]The peak of Minoan civilization came about 1600 BC.  

	
	[+]A century or so later, the Minoan palaces were mysteriously destroyed.  

	
	[+]Historians have speculated that a great eruption may have occurred on the island of Thera at a suitable time.  

	
	[+]This could have been accompanied by tidal waves and earthquakes that led to destruction in Crete.

	
	T or F:  Neanderthal man was more advanced than Homo sapiens. 

[T or F:  The Minoan civilization was at its peak around 2500 BC.]

	
	

	Exposition interrupted by exposition
	Neanderthal men walked erect and had big brains.  

	
	[+]The peak of Minoan civilization came about 1600 BC.  

	
	Though they were in other ways more primitive than Homo sapiens, they represent a great evolutionary stride.  

	
	[+]A century or so later, the Minoan palaces were mysteriously destroyed.  

	
	One striking example is their use of technology to overcome the environment.  

	
	[+]Historians have speculated that a great eruption may have occurred on the island of Thera at a suitable time.  

	
	For instance, we know from evidence that Neanderthal men wore clothes.  

	
	[+]This could have been accompanied by tidal waves and earthquakes that led to destruction in Crete.

	
	T or F: Neanderthal man was more advanced than Homo sapiens.

[T or F:  The Minoan civilization was at its peak around 2500 BC.]

	
	

	
	

	Narrative followed by exposition
	Susan wanted to buy Tom a puppy as a Christmas present.  

	
	She told him about the idea in advance.  

	
	She went to the pet store last weekend.  

	
	The Dalmatian puppies were the cutest.  

	
	[+]The peak of Minoan civilization came about 1600 BC.  

	
	[+]A century or so later, the Minoan palaces were mysteriously destroyed.  

	
	[+]Historians have speculated that a great eruption may have occurred on the island of Thera at a suitable time.  

	
	[+]This could have been accompanied by tidal waves and earthquakes that led to destruction in Crete.

	
	T or F:  Susan wanted to buy Tom a kitten.

[T or F:  The Minoan civilization was at its peak around 2500 BC.]

	
	

	
	

	Narrative interrupted by exposition
	Susan wanted to buy Tom a puppy as a Christmas present.  

	
	[+]The peak of Minoan civilization came about 1600 BC.  

	
	She told him about the idea in advance.  

	
	[+]A century or so later, the Minoan palaces were mysteriously destroyed.  

	
	She went to the pet store last weekend.  

	
	[+]Historians have speculated that a great eruption may have occurred on the island of Thera at a suitable time.  

	
	The Dalmatian puppies were the cutest.  

	
	[+]This could have been accompanied by tidal waves and earthquakes that led to destruction in Crete.

	
	T or F:  Susan wanted to buy Tom a kitten.

[T or F:  The Minoan civilization was at its peak around 2500 BC.]

	
	

	Exposition followed by narrative
	Neanderthal men walked erect and had big brains.  

	
	Though they were in other ways more primitive than Homo sapiens, they represent a great evolutionary stride.  

	
	One striking example is their use of technology to overcome the environment.  

	
	For instance, we know from evidence that Neanderthal men wore clothes.  

	
	[+]Chris picked Laura for the track team even though they hate each other.  

	
	[+]He really wants to win the next meet.  

	
	[+]He runs the 100 meter and the 500 meter events.  

	
	[+]It takes a lot of dedicated practice to succeed at racing.

	
	T or F:  Neanderthal man was more advanced than Homo sapiens.

[T or F: Laura is Chris’s best friend.] 

	
	

	Exposition interrupted by narrative
	Neanderthal men walked erect and had big brains.  

	
	[+]Chris picked Laura for the track team even though they hate each other.  

	
	Though they were in other ways more primitive than Homo sapiens, they represent a great evolutionary stride.  

	
	[+]He really wants to win the next meet.  

	
	One striking example is their use of technology to overcome the environment.  

	
	[+]He runs the 100 meter and the 500 meter events.  

	
	For instance, we know from evidence that Neanderthal men wore clothes.  

	
	[+]It takes a lot of dedicated practice to succeed at racing.

	
	T or F:  Neanderthal man was more advanced than Homo sapiens. [T or F: Laura is Chris’s best friend.]

	
	


Table 2:  Mean reading time per word (msec) at each sentential position for first and second passages (in both continuous and interleaved presentation forms) in Experiment 1.

	
	
	First Passage
	Second Passage

	Similarity
	Presentation
	Sentence 1
	Sentences 2-4
	Sentence 1
	Sentences 2-4

	Same
	Continuous
	393
	271
	337
	248

	
	Interleaved
	406
	272
	381
	268

	Different
	Continuous
	408
	269
	336
	248

	
	Interleaved
	413
	272
	353
	274


Table 3: Inferential results for first and second passages in Experiment 1.

	
	
	Passage 1
	Passage 2

	Effect
	
	Sentence 1
	Sentence 2-4
	Sentence 1
	Sentence 2-4

	Interruption
	Subjects
	F1 (1,63) = 1.74

p =.192
	F1 (1,63) < 1
	F1 (1,63) = 21.43

p < .001
	F1 (1,63) = 48.11

p < .001

	
	Items
	F2 (1,19) = 1.04

p =.321
	F2 (1,19) < 1
	F2 (1,19) = 32.93

p < .001
	F2 (1,19) = 19.43

p < .001

	Similarity
	Subjects
	F1 (1,63) = 3.61

p =.062
	F1 (1,63) < 1
	F1 (1,63) = 4.92

p =.030
	F1 (1,63) = 1.22

p =.274

	
	Items
	F2 (1,19) = 2.63

p =.122
	F2 (1,19) < 1
	F2 (1,19) = 5.86

p =.026
	F2 (1,19) < 1

	Interruption x Similarity
	Subjects
	F1 (1,63) < 1
	F1 (1,63) < 1
	F1 (1,63) = 7.74

p =.007
	F1 (1,63) < 1

	
	Items
	F2 (1,19) < 1
	F2 (1,19) < 1
	F2 (1,19) = 6.15

p =.023
	F2 (1,19) < 1


Table 4:  Mean comprehension question accuracy (percent correct) for questions about similar and dissimilar passage pairs in continuous and interleaved presentation forms in Experiment 1.

	
	Continuous
	Interleaved

	Same
	81%
	80%

	Different
	84%
	82%


Table 5:  Mean reading time per word (msec) at each sentential position for first and second passages (in both continuous and interleaved presentation forms) in Experiment 2.

	
	
	First Passage
	Second Passage

	Similarity
	Presentation
	Sentence 1
	Sentences 2-4
	Sentence 1
	Sentences 2-4

	Same
	Continuous
	421
	269
	330
	256

	
	Interleaved
	426
	284
	382
	275

	Different
	Continuous
	415
	272
	346
	257

	
	Interleaved
	431
	287
	364
	281


Table 6: Inferential results for first and second passages in Experiment 2.

	
	
	Passage 1
	Passage 2

	Effect
	
	Sentence 1
	Sentence 2-4
	Sentence 1
	Sentence 2-4

	Interruption
	Subjects
	F1 (1,63) = 2.66

p =.108
	F1 (1,63) = 6.19

p =.016
	F1 (1,63) = 23.13

p < .001
	F1 (1,63) = 20.79

p < .001

	
	Items
	F2 (1,19) = 2.19

p =.156
	F2 (1,19) = 8.12

p =.010
	F2 (1,19) = 25.24

p < .001
	F2 (1,19) = 26.07

p < .001

	Similarity
	Subjects
	F1 (1,63) < 1
	F1 (1,63) < 1
	F1 (1,63) < 1
	F1 (1,63) < 1

	
	Items
	F2 (1,19) < 1
	F2 (1,19) < 1
	F2 (1,19) < 1
	F2 (1,19) < 1

	Interruption x Similarity
	Subjects
	F1 (1,63) < 1
	F1 (1,63) < 1
	F1 (1,63) = 8.69

p =.004
	F1 (1,63) < 1

	
	Items
	F2 (1,19) < 1
	F2 (1,19) < 1
	F2 (1,19) = 3.56

p =.075
	F2 (1,19) < 1


Table 7:  Mean comprehension question accuracy (percent correct) for first questions about similar and dissimilar passage pairs in continuous and interleaved presentation forms in Experiment 2.

	
	Continuous
	Interleaved

	Same
	84%
	78%

	Different
	83%
	82%


Table 8:  Mean comprehension question accuracy (percent correct) for second questions about similar and dissimilar passage pairs in continuous and interleaved presentation forms in Experiment 2.

	
	Continuous
	Interleaved

	Same
	85%
	82%

	Different
	83%
	84%


Figure Captions

Figure 1.  Mean reading time per word (msec) for first and second passages in both continuous and interleaved presentation forms in Experiment 1.

Figure 2.  Mean reading time per word (msec) for first and second passages in both continuous and interleaved presentation forms in Experiment 2.
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