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Introduction

· Glenberg, Kruley, and Langston (1994) described a mental model as an on-line construction that maps elements of a text onto spatial dimensions in the visuo-spatial sketchpad of working memory.  Mappings can be based on a text, a picture, or domain knowledge.

· One way that domain knowledge may be accessed is provided by Lakoff and Johnson (1980).  They proposed that comprehension is based on metaphor.  Their orientational metaphors allow a mapping of nonspatial dimensions onto spatial dimensions (e.g., conscious is up, unconscious is down).

· Langston and Terzo (1998) presented evidence that violating the orientational metaphor more is up slows reading time.  A possible alternative explanation of these results was that participants’ reading was slowed due to a purely linguistic ambiguity in the texts.

· The purpose of the present experiment was to rule out the alternative explanation of the earlier results and to extend the results to an additional metaphorical domain (time).  The hypothesis is that arrangements that violate the metaphor the future is forward will take longer to read and will be harder to comprehend.

The Potential Confound

· A sample inconsistent text from Langston and Terzo (1998):

· Phil was thinking about some ideal characteristics of a mate.

· He placed intelligence first because intelligence is most ideal.

· Over intelligence Phil placed wealth.

· The potential confound comes from the use of the word “over” in the third sentence.  If readers interpret “over” as “more” then we would expect reading time to be longer due to linguistic confusion (something is more than the most?).  In other words, reading time is not necessarily slowed by violating the metaphor more is up, it could also be slowed due to confusion about the meaning of the word over.

The Potential Confound (cont’d.)

· A sample corrected text:

· Phil was thinking about some ideal characteristics of a mate.

· He placed intelligence first because intelligence is most ideal.

· Phil thinks wealth is less ideal than intelligence so Phil placed it on top of intelligence.

· One solution is to separate the spatial term from the dimension term.  In the example above, wealth is described as less important, but it is on top of intelligence.  This version of the text should eliminate confusion due to ambiguity in word meanings; any difference in reading time should be due to violating more is up.  The texts for the current experiment followed this format with the metaphor the future is forward.

Method

· Forty-seven participants read 24 texts each.  Data from nine participants were removed from the analysis as these participants failed to respond above chance to the comprehension questions.

· Six of the texts described an arrangement consistent with the future is forward and six described an arrangement that was inconsistent.  There were also 12 filler texts.

· After each text participants answered six true-false questions about the arrangement.  These questions were designed to encourage participants to form spatial arrangements, and they allowed us to test for a symbolic distance effect (questions about items that are near to one another on a dimension should be harder to answer than questions about items that are far apart).

Sample Texts

· Consistent with the future is forward
· Art thinks that there are three steps to be taken when publishing a textbook.  

· Art thinks that the first step is finding a publisher.  

· After that comes writing the book, so Art imagines that farther away from him than finding a publisher.  

· After that comes revising the manuscript, so Art imagines that farther away from him than writing the book.

· Sample comprehension questions

· revising the manuscript is farther away from Art than writing the book (true, near test)  

· writing the book is farther away from Art than choosing a publisher  (true, near test)  

· revising the manuscript is farther away from Art than choosing a publisher  (true, far test)  

· writing the book is farther away from Art than revising the manuscript  (false)

· choosing a publisher is farther away from Art than writing the book  (false)

· choosing a publisher is farther away from Art than revising the manuscript  (false)

Sample Texts (cont’d.)

· Consistent with the future is forward
· Beverly thinks that there are three steps to be taken when preparing for a sale.

· Beverly thinks that the last step is assessing the stock.

· Before that comes arranging the selling floor, so Beverly imagines that closer to her than assessing the stock.

· Before that comes receiving markdown sheets, so Beverly imagines that closer to her than arranging the selling floor.

· Not consistent with the future is forward
· Bill thinks that there are three steps to be taken when planning a surprise birthday party.

· Bill thinks that the first step is deciding the theme.

· After that comes picking a date, so Bill imagines that closer to him than deciding the theme.

· After that comes choosing a location, so Bill imagines that closer to him than picking a date.

· Tom thinks there are three steps to be taken when running for office.

· Tom thinks that the last step is debating the opposition.

· Before that comes making public appearances, so Tom imagines that farther away from him than debating the opposition.

· Before that comes choosing your staff, so Tom imagines that farther away from him that making public appearances.

· Filler

· Bob is thinking about the three steps involved in looking for an apartment.

· Bob thinks that the first step is choosing roommates.

· After that comes considering the rent, so Bob imagines that closer to him than choosing roommates.

· After that comes choosing the apartment, so Bob imagines that farther away from him than considering the rent.

Results

· Participants should take longer to read texts describing arrangements that are inconsistent with the metaphor than texts describing arrangements that are consistent with the metaphor.  The dependent variable was the time to read the arrangement sentences of the texts.  The overall time was divided by the number of characters in the sentences to rule out differences due to sentence length.

· The results of a dependent samples t-test were that the difference between consistent and inconsistent texts was significant [t(37) = -2.38, estimated standard error = 7.46, p = .02].  The mean arrangement reading time for consistent texts was 155.08 ms (SD = 51.94) and the mean arrangement reading time for inconsistent texts was 172.82 ms (SD = 62.09).

· Overall, participants were more accurate for consistent texts (M = 91%) than for inconsistent texts (M = 86%, F(1,37) = 9.50, MSE = .011).  There was a symbolic distance effect in the response time data for the comprehension questions.  Near tests (M = 60.70 ms) were responded to more slowly than far tests (M = 51.29 ms, F(1,37) = 5.00, MSE = 147.68).

Conclusions

· The difference between consistent and inconsistent texts was significant.  This experiment extends the earlier results to an additional metaphorical domain.

· The format of the texts makes the linguistic confusion hypothesis an unlikely explanation of the results.

· In addition, the symbolic distance effect suggests that participants were forming a spatial representation of the arrangements.

· Overall, we conclude that texts that violate an orientational metaphor do significantly slow reading, providing support for Lakoff and Johnson’s (1980) hypothesis.

· In addition, orientational metaphors may be a way that domain knowledge can contribute to the formation of mental models as proposed by Glenberg, et al. (1994).
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