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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.

· The questions:  1)  Are there general rules for mapping nonspatial information onto spatial dimensions? and 2)  If we can identify these rules, will readers use them to comprehend text?

· Lakoff and Johnson (1980) 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).  The general metaphor MORE-IS-UP is investigated here.

· Langston (1997) demonstrated that the mapping of more-less to up-down does follow the metaphor in a highly constrained, somewhat unnatural task.  Orientational metaphors may serve as a source of domain knowledge that guides the construction of mental models.

· Experiments 1 & 2 investigated the effect of violating MORE-IS-UP on comprehension of spatial texts.  Experiment 3 investigated the effect of suggesting MORE-IS-UP as an aid to understanding spatial texts.

Procedure for Experiment 1

· Will violating MORE-IS-UP affect reading time?

· Thirty-eight participants read each of 16 texts one sentence at a time.

· Texts were consistent with MORE-IS-UP or inconsistent with MORE-IS-UP.

· The primary dependent variable was the reading time for the third sentence.  Third sentences from inconsistent texts should be read more slowly (because it’s harder to form an “upside-down” mental model).

Sample Texts from Experiment 1

Text consistent with the metaphor MORE-IS-UP

Phil was thinking about some ideal characteristics of a mate.

He placed intelligence first because intelligence is most ideal.

Under intelligence Phil placed wealth.

Arrangement


intelligence


wealth

Questions

Intelligence is over wealth.  TRUE

Intelligence is under wealth.  FALSE

Text not consistent with MORE-IS-UP

Phil was thinking about some ideal characteristics of a mate.

He placed wealth first because wealth is least ideal.

Under wealth Phil placed intelligence.

Arrangement


wealth


intelligence

Questions

Wealth is over intelligence.  TRUE

Wealth is under intelligence.  FALSE

---------------------------------------------------

Insert Figure 1 Here
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Experiment 1 Results

Consistent With Metaphor vs. Not Consistent

T-tests for Third Sentence Reading Time (Per Syllable)
t(31) = -2.87, estimated standard error = 18.12, p = .007

(Consistent M = 359 ms, inconsistent M = 411 ms)

With an average third sentence length of 7.94 syllables, the difference is 413 ms for the whole sentence.

Procedure for Experiment 2

· Is there a preferred mapping for the horizontal dimension?

· Thirty-four participants read each of 32 texts one sentence at a time.

· Texts were consistent or inconsistent with MORE-IS-UP or consistent or inconsistent with MORE-IS-LEFT.

---------------------------------------------------

Insert Figure 2 Here
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Experiment 2 Results

Consistent With Metaphor vs. Not Consistent for Vertical and Horizontal Arrangements*

T-tests for Third Sentence Reading Time (Per Syllable)
Vertical arrangements:
t(33) = -2.23, estimated standard error = 24.66, p = .033

(Consistent M = 470 ms, inconsistent M = 525 ms)

With an average third sentence length of 8.40 syllables, the difference is 462 ms for the whole sentence.

Horizontal arrangements:
t(33) = 1.01, estimated standard error = 38.61, p = .319

(Consistent M = 715 ms, inconsistent M = 676 ms)

With an average third sentence length of 8.40 syllables, the difference is 328 ms for the whole sentence.

T-tests for Comprehension

Percent correct:
Vertical (M = 93%) better than horizontal (M = 86%) [F(1,33) = 7.87]

No effects for consistency.

Response Time

Vertical (M = 3177 ms) faster than horizontal (M = 4568 ms) [F(1,33) = 36.92]

No effects for consistency.

*Four additional participants were run after the original proposal was submitted.

Procedure for Experiment 3

· Will suggesting MORE-IS-UP help readers to comprehend texts?

· Forty-two participants read each of 24 texts one sentence at a time.  Half were told that “it might help to think of more as up” before each text.

Sample Text from Experiment 3

Text

Molly wanted to make muffins with flavorful berries.

She placed blueberries first because they are least flavorful.

Molly thinks cranberries are more flavorful than blueberries.

She thinks strawberries are more flavorful than blueberries.

She thinks raspberries are more flavorful than strawberries.

Possible arrangements




Raspberries

       Cranberries


Cranberries

Strawberries    
OR


       Raspberries



     Blueberries





       Strawberries










   Blueberries

Other arrangements are also possible.

Sample questions:  Can you answer the question based on the text?
“Know” question:

Raspberries are more flavorful than strawberries

“Don’t know” question:

Cranberries are more flavorful than strawberries
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Experiment 3 Results

With Reminder to Think of “MORE-IS-UP” vs. Without Reminder

T-tests for Response Time for Arrangement Tests
“Know” tests:
t(40) = -1.72, estimated standard error = 281.71, p = .093

(With reminder M = 2643 ms, without M = 3128 ms)

“Don’t Know” tests:
t(40) = -2.30, estimated standard error = 324.18, p = .027

(With reminder M = 2970 ms, without M = 3715 ms)

T-test for Overall Reading Time

t(40) = -2.16, estimated standard error = 1592.59, p = .036

(With reminder M = 15.38 seconds, without M = 18.82 seconds)

Conclusions

· Violating MORE-IS UP does slow reading, suggesting that when readers map nonspatial dimensions onto spatial dimensions, there is a preferred orientation for the mapping.

· Horizontal arrangements were read more slowly than vertical arrangements and comprehension was better for vertical arrangements, suggesting that there is also a preferred dimension.  There was no evidence for a preferred mapping to the horizontal dimension.

· Suggesting to readers that “thinking of more as up” may help comprehension did improve their comprehension.  They read the texts faster and responded to the questions more rapidly than readers who did not receive the suggestion.

· To answer the questions:  1)  There are general rules for mapping nonspatial information onto spatial dimensions; and 2)  Readers do use them to comprehend text.

· These data support the assumption in Glenberg, Kruley, and Langston that mental models can be constructed on the basis of general knowledge by mapping nonspatial dimensions onto spatial dimensions in working memory.
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