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ABSTRACT 

The present study investigated differences in visual memory 

processing cunong below and above average readers using a partial 

and full report backward masking paradigm. Both children and adult 

subjects were used. Stimulus type and stimulus duration were 

varied to examine their effect on recall. Recall differences between 

the reading groups were found for verbal material but not for 

nonverbal material, suggesting that recall deficits in below average 

readers have more to do with phonological processing deficits than 

memory. There was also an age related increase in recall for both 

verbal and nonverbal material. Recall differences between the 

reading groups were found under the 50 and 500 msec, durations 

but not the 1000 msec, duration. This suggests that with more time, 

below average readers are able to perform like above average 

readers. There was also an age related increase in recall with 

duration. All of the groups' recall improved when short-term 

memory demands were minimized. However, older subjects tended 

to benefit more than younger subjects, suggesting that the older 

subjects were able to more efficiently process information in short-

term memory. In addition, all of the subjects tended to use a left to 

right and top to bottom scanning strategy, but older subjects tended 

to use a more systematic cognitive scanning strategy. When 

nonverbal material was displayed, the proportion of visual errors 

increased with age, suggesting that the ability to visually encode 

information increases with age. 
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CHAPTER I 

INTRODUCTION 

The present investigation examined visual memory processing in 

below average readers across development. The purpose was to 

delineate the role of iconic and short-term memory processing in the 

general memory deficits observed in poor readers. Of particular 

interest was how these memory deficits interact with phonological, 

visual, location, and orthographic information. 

Visual memory in poor readers has been extensively researched, 

particularly regarding the issue of short-term visual memory 

processing (Brady, 1991; Cohen, 1982; Fletcher, 1985; Siegel& 

Ryan, 1989; Swanson, Cochran, & Ewers, 1990; Torgesen, 1991). 

While some research has also been done on iconic memory in poor 

readers (Alwitt, 1963; Fisher & Frankfurter, 1977; Morrison, 

Giordani, & Nagy, 1977; Stanley, 1976; Stanley & Hall, 1973; 

Stanley & Malloy, 1975), the results have been inconclusive and the 

relation between iconic and short-term memory remains unclear. 

Since memory plays such an essential role to reading, an 

understanding of memory functioning in poor readers will aid in the 

early identification of reading difficulties and in targeting 

remediation programs. 

The Shiffrin-Atkinson model (1969) was adopted as the working 

model of memory in the present study. This model is useful in 

exploring memory functioning. It provides a tangible model for the 

separation and examination of the various cognitive processes in 



memory. According to this perspective, the processing of 

information in memory occurs in stages. 

The first stage of processing is a high capacity, fast decaying, 

uncoded, visual memory (Sperling, 1960,1963), which Neisser 

(1966) termed iconic memory. Support for iconic memory comes 

from studies which show that more information is initially available 

in memory than subjects are able to report (Averbach & Coriell, 

1961; Eriksen & ColUns, 1967; Loftus, Duncan, & Gehrig, 1992; 

Sperling, 1960). This research suggests that there is an initial stage 

of processing in which a virtually unlimited amount of sensory 

information may be briefly held for further encoding and transfer 

into short-term memory. 

The second stage of processing occurs in short-term memory. 

Short-term memory is a limited capacity storage system that 

maintains an encoded version of the stimuli and retrieves 

information about cognitive operations from long-term memory 

(Siegel & Linder, 1984). It relies on recoding and rehearsal processes 

for immediate recall and permanent storage (Vellutino, 1979). Once 

in short-term memory, stimuli are either lost, or categorized and 

transformed into an abstract representation that can be held in long-

term memory (Vellutino, 1987). 

Long-term memory is the final stage of processing. It is an 

unlimited capacity system that holds information for an indefinite 

period of time (Vellutino, 1979). Long-term memory contains 

knowledge that facilitates the rapid and automatic comprehension of 



information entering the senses so that incoming information can be 

recognized and categorized. 

Reading, as it relates to memory, may also be broken down into 

stages (Riding & Pugh, 1977). The registration of sensory activation 

in iconic memory, the coding of activated visual sensory detectors 

into a symbolic code, the analysis of the meaning of words and 

sentences in short-term memory, and the long-term storage of the 

meaning of sentences. All of these memory functions are crucial to 

reading skill. 

During reading, iconic memory must retain sensory images of 

words long enough for their features to be transferred into short-

term memory for meaning analysis. Studies have found that when a 

mask is not used to terminate the iconic trace, most of the visual 

information necessary for reading may be acquired during the first 

50 msec, of an eye fixation (Rayner, Inhoff, Morrison, Slowiaczek, & 

Bertera, 1981). This is when iconic processing is still occurring. 

Readers must rapidly encode the information presented in a given 

fixation before the memory trace is lost. Poor readers have been 

found to make more eye fixations with many regressions and have 

longer eye fixations than normal readers (Just & Carpenter, 1987). 

Given that poor readers require more time than normal readers for 

reading, it would be expected that poor readers would have difficulty 

acquiring verbal information during a 50 msec, exposure period. 

This would suggest that poor readers may be deficient in iconic 

memory processing. 



In addition to iconic memory, short-term memory is also essential 

to reading. During reading, short-term memory retrieves 

information from long-term memory about syntax, word meanings, 

and phonological rules, and stores words, phrases, and sentences, 

while comprehension processes operate on the words to integrate 

them into a meaningful conceptual structure (Vellutino, 1979). 

Researchers have found that when short-term memory processing is 

interrupted, reading is made more difficult. For example, if the 

information normally carried in short-term memory during reading 

is eliminated by inserting a distracter task after each sentence, 

reading time is slowed (Fischer & Glazer, 1986; Glazer, Dorfman, & 

Kaplan, 1981; Just & Carpenter, 1987). Short-term memory holds 

information from preceding sentences so that the passage is 

understood. In this way, short-term memory enables larger units of 

text to be comprehended and stored in long-term memory (Siegel & 

Ryan, 1989). 

It has been found that the most stable memory code for reading 

purposes is a phonetic code rather than a visual or semantic code. 

Conrad (1964) found that when subjects erred in the recall of 

visually presented letters, they tended to replace letters with letters 

that were acousticsdly similar to the correct ones. In addition, recall 

errors were found to be similar to errors in hearing that occur when 

a partially masked signal is used. This suggests that the verbal 

material in iconic storage is transformed from a visual to an auditory 

code when stored in short-term memory (Vellutino, 1987). This 

auditory code may be achieved at either a pre-lexical level (before 



meaning and identification is attained) or a post-lexical level (after 

meaning and identification is attained). 

Individuals with reading difficulty have been found to have 

problems on tasks that require phonological skills (Bruck, 1992; Das, 

Mulcahy & Will, 1982; Siegel, 1993; VeUutino, 1987). For example, 

studies have found that poor readers have difficulty with phonemic 

segmentation, rapid sequential naming, and decoding (Ackerman, 

Dykman, & Gardner, 1990; Blackman, 1984; Denckla & Rudel, 1976; 

Fox &Routh, 1983; Jorm& Share, 1983; Samuels, 1987; Torgesen, 

Wagner, Simmons, & Laughon, 1990; Vellutino, 1987). Researchers 

have speculated that these problems on phonological tasks evidenced 

by poor readers are caused by weak phonological representations in 

long-term memory. This results in phonological processing being 

more difficult, and thus, using up more cognitive resources. 

With regards to memory encoding, it seems that both poor and 

normal readers use a phonological coding strategy in short-term 

memory. In an error analysis of a recall task, both poor and normal 

readers were found to use phonological coding strategies, but poor 

readers were less accurate than normal readers (Brady, 1991). 

Similarly, in a recall study by Brady, Mann, and Schmidt (1987), both 

poor and normal readers were influenced by the adjacency and 

phonetic similarity of the string of items being recalled. This 

indicates that both groups employ the same memory encoding 

strategy. However, poor readers are less effective than normal 

readers, causing them to make more errors. The use of a phonetic 

code in short-term memory appears to develop more slowly in poor 



readers than in normally achieving individuals. Poor readers have 

weak phonological associations to letters and words in long-term 

memory, which leads to problems learning sounds and names of 

words as whole entities. Words are stored without complex 

phonological codes, thus causing difficulty on tasks that require 

phonological processing. 

Previous associations to items in memory are an aid to the 

memory of those items. Researchers have found that when complex 

symbols are unfamiliar and lack linguistic associations to them, the 

visual recall of those symbols is made more difficult. For example, 

Vellutino (1987) demonstrated that adults and children who were 

unfamiliar with Hebrew printed Hebrew words equally well, but 

children actually learning Hebrew performed this task better than 

the other two groups. The groups who were unfamiliar with Hebrew 

lacked a meaningful linguistic association for the Hebrew symbols, 

while the group learning Hebrew had meanings associated with the 

symbols in memory therefore making it easier to remember them. 

Thus, the group learning Hebrew had visual, semantic and 

phonological associations to the symbols in memory while the other 

two groups only had visual associations, making recall more difficult. 

This same mechanism seems to operate in poor and normal readers. 

Several investigations have been done examining short-term 

memory and reading ability. Studies have found that overall poor 

readers display short-term memory deficits on tasks where the 

stimuli are easily labeled, but do not show performance deficits 

when the stimuli are not verbally codeable (Brady, 1991; Fletcher, 



1985; Swanson, Cochran, & Ewers, 1990; Tirre, 1992; Torgesen, 

1991). For example, children with reading problems were found to 

have retrieval problems on verbal memory tasks, while children 

with both reading and arithmetic problems showed impairment on 

verbal and nonverbal memory tasks (Fletcher, 1985; Siegel & Ryan, 

1989). These researchers concluded that memory problems in poor 

readers may have to do with the retrieval of verbal information 

rather than difficulties with verbal encoding. Difficulty in verbal 

retrieval would also account for problems that poor readers have in 

word recognition and naming items. Another study (Torgesen, 1991) 

found differences in poor readers on memory span performance. 

Differences between poor readers with and without memory span 

task deficits were found in span performance, speed of naming 

nonsense syllables, and phonological coding of verbal information. 

These results are consistent with the findings that verbal memory 

deficits in poor readers are associated with the retrieval of verbal 

information. In a follow-up study nine years later, Torgesen (1991) 

found that the same poor readers who previously had span difficulty 

but had improved, were reading like the poor readers without span 

difficulty. The subjects who did not improve on span performance 

did not improve in reading ability. Thus, the factors that contributed 

to verbal memory also contributed to reading ability. Short-term 

memory and reading ability are clearly related. However, questions 

remain as to how they are related. It may be that short-term 

memory contributes to reading ability or that there are other 



variables that aid both memory and reading such as phonological 

processing. 

Differences in recall have also been found to occur with age 

(Bauer & Newman, 1991; Kail, 1992). Younger children were found 

to have significantly smaller memory spans than the older children, 

suggesting an age related growth in memory abilities (Torgesen, 

1991). These developmental increases in memory span may also be 

linked to efficiency of phonological processing. In adults and 

children, there is a significant positive correlation between how fast 

one can speak and how much is recalled on verbal short-term 

memory tasks. As naming time and the number of errors decreases, 

verbal short-term memory performance increases (Brady, 1991; 

Case, Kurland, & Goldberg, 1982). When adults were asked to count 

in an unfamiliar language, the speed of counting for adults was equal 

to the rate of six-year-old children, and the adults' memory span 

performance dropped (Case et al, 1982). There is no relation, 

however, between nonverbal memory processing and speech rate 

(Brady, 1991). Thus, it seems that verbal memory in children is also 

related to phonological processing. As a child matures, phonological 

representations in long-term memory become more distinct, causing 

an increase in speech rate, phonological processing, and verbal 

memory. 

Because the levels of memory processing interact with one 

another, a deficit at one stage of processing would affect other stages 

of processing. In fact, iconic memory has been found to be essential 

to the development of short-term memory (Ewert & Janzen, 1978). 
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A better understanding of iconic processes may shed light on the 

verbal short-term memory deficits in poor readers. 

One problem in studying memory functioning in poor readers has 

been the inability to separate iconic from short-term memory. In 

order to report items from iconic memory, subjects must be able to 

recode them into short-term memory. This recoding capacity may be 

conceptualized as the amount of information that can be transferred 

from the rapidly decaying iconic trace into short-term storage (Ewert 

& Janzen, 1978). Because information must be recoded into short-

term memory before it can be reported, it is necessary to control for 

the effects of short-term memory when studying iconic transfer. 

Without controlling for short-term memory processing, any 

differences found in iconic processing could be due to short-term 

memory differences rather than actual differences in iconic 

processing. 

The partial report task, developed by Sperling (1963), is useful in 

studying iconic processing. It is a sampling technique that provides 

the subject with a cue to report only part of a large display after the 

offset of that display (Bums, 1987). The cue has an indirect 

influence on iconic memory by focusing attention to one part of the 

stimulus array and determining the serial order of transfer into 

short-term memory. In addition, the cue reduces the effective 

display size so that uncued portions of the display may be ignored 

(Prinzmetal, Presti, & Posner, 1986). With an immediate cue, the 

accuracy of report is high, and as the cue is delayed, accuracy 

declines (Chow, 1991; Dick, 1974). When the cue is delayed, subjects 



must switch the order of transfer of items from iconic to short-term 

memory once transfer has already begun, and this requires 

processing time. The low level of performance at short cue delays 

indicates that more information can be stored in iconic memory than 

can be reported from short-term memory. 

During the Sperling task, free recall is limited by short-term 

memory and the subject's ability to transfer material from iconic to 

short-term memory. The partial report task places fewer demands 

on short-term memory and transfer than a full report because fewer 

responses 2u*e required (Dick, 1974). With fewer processing 

demands, short-term memory limitations will play less of a role in 

iconic processing. By varying the number of items reported, it is 

possible to study iconic performance under different short-term 

processing demand conditions to see if performance increases when 

short-term memory demands are minimal. For example, if 

differences in recall were found between poor and normal readers 

when several items were reported but were not found when one 

item was reported, short-term memory deficits rather than iconic 

memory deficits would be implicated. Alternatively, if recall 

differences were found under both conditions, then iconic memory 

deficits would be implicated. By varying the number of items 

reported, one is able to examine whether iconic transfer or short-

term memory deficits are contributing to memory impairment in 

poor readers. 

In contrast with short-term memory, iconic memory has not been 

foimd to be infiuenced by familiarity. For example, Mewhort (1967) 
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varied familiarity and cue delay on a recall task and found that the 

interaction between familiarity and cue delay was not significant. 

This suggests that familiarity does not affect rate of iconic decay. 

Given this finding, performance differences found with familiar and 

unfamiliar items must be due to the way items are transferred out of 

iconic memory into short-term memory or the way items are 

maintained and encoded once in short-term memory. 

Studies have found that more familiar items (i.e., with stronger 

representations in long-term memory) are easier to transfer to 

short-term memory than items that are less familiar (Mewhort, 

Merikle, & Bryden, 1969). Mewhort (1972) found that familiar items 

initially take up more space in short-term memory than unfamiliar 

items, because they are transferred to short-term memory first. 

Later, familiar items take up less processing capacity in short-term 

memory, because they can be chunked or recoded to occupy less 

space than unfamiliar items. Thus, the effect of short-term memory 

on iconic memory tasks will depend on how fast the material can be 

read out of iconic memory and how efficiently the material is 

encoded and rehearsed once in short-term memory. Since poor 

readers and young children are less familiar with phonologic and 

orthographic information than normal readers and adults, it should 

be more difficult for them to transfer verbal information out of iconic 

memory and into short-term memory and more difficult for them to 

phonologically rehearse the items once in memory. This would 

explain the longer fixation times poor readers require during 

reading. 

11 



Studies done on iconic processing in children have yielded 

consistent findings. The number of items recalled on an iconic 

memory task increases with age and decreases as the partial report 

cue is delayed (Morrison, 1971; Morrison, Holmes, & Haith, 1974; 

Sheingold, 1971,1973). When the cue is delayed, performance drops 

in all age groups, because at longer delay interval, the order of 

transfer from iconic to short-term memory must be switched after 

transfer has already begun and the icon has started to decay. At 

later cue delay intervals, the age differences in performance may be 

due to the younger subjects' inability to effectively scan the array 

and rehearse the items in short-term memory before the cue is 

presented. 

Although the studies done on iconic memory processing in 

children consistently find age differences in recall, there are several 

methodological problems with their design. None of the studies on 

iconic memory in children that were reviewed used a mask to 

terminate the afterimage. Thus, the findings may have been due to 

differences in iconic trace persistence or short-term memory 

maintenance strategies. In addition, none controlled for the effects 

of short-term memory on report. As a result, the differences 

between groups may have had more to do with short-term memory 

than iconic processing. Clearly, more research is needed to support 

the current findings on children and iconic processing. 

Another limitation that younger children have is in encoding 

multiple items simultaneously. Studies have found that on a recall 

task, adults accurately reported an increasing number of items as the 
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number of items presented increased, and children accurately 

reported only 1.6 items whether 2, 3, or 4 items were presented 

(Ewert & Janzen, 1978; Haith, Morrison, Sheingold, & Mindes, 1971). 

Similarly, Haith (1971) found that the youngest age group was much 

slower than the older age groups at locating a vertical bar presented 

among several horizontal bars. It may be that younger children do 

not know which portion of the stimulus to give attention to or have 

not yet developed efficient strategies to make a simultaneous input 

task manageable. 

One problem that young children have processing several items at 

once has to do with the strategies they use to transfer items from 

iconic to short-term memory. When processing several items at 

once, items initially registered in parallel are serially transferred into 

short-term memory. The order of transfer is determined by the 

individual's strategy in distributing attention (i.e., cognitive scanning) 

(Schwantes, 1979). When a cue is used, the individual's scanning 

strategy is pre-determined by the cue. However, when a cue is not 

used, the scanning strategy is determined by the individual. In the 

latter situation, scanning strategy is thought to be a function of prior 

experience with the material (Harcum & Friedman, 1963). Young 

children seem to employ a nearly random order of transfer from 

iconic to short-term memory, while adults seem to use a left to right 

cognitive scanning strategy. When subjects were shown nonwords in 

a recall task, there were no differences in accuracy between the left 

and right visual fields in the 50 msec, cue delay condition; however, 

accuracy increased in the left visual field as the cue delay increased 

13 



(Schwantes, 1979). This indicates that when subjects determine the 

order of transfer, they begin with the left visual field. The 

magnitude of these visual field differences and the effect of the 

order of approximation to English, increased as a function of age 

(Schwantes, 1979). This suggests that increased age is related to 

increased sensitivity to familiar letter patterns and a more 

systematic left to right cognitive scanning strategy. Moreover, a 

significant positive correlation between reading scores and left field 

accuracy scores was found, demonstrating a relationship between 

reading ability and the amount of information available from the left 

visual field. This relation was not found in the 50 msec, delay 

condition, suggesting iconic intake may not differ for readers of 

varying abilities. Consistent with these results, Morrison et al. 

(1974) found that with increasing age, subjects were more likely to 

replace a letter with one that was adjacent to it when items were 

presented for 100 msec.. The pattern of adjacency errors suggests 

that younger readers employ a less systematic cognitive scanning 

strategy regardless of orthographic constraints when transferring 

iconic visual feature components to short-term memory. As a result 

they are unable to transfer as much of the initially registered iconic 

information into a more permanent memory store. 

Iconic memory in poor readers has not been extensively studied. 

If reading disability is a dysfunction involving a maturational delay 

in cognitive processing, one would expect poor readers to perform 

similarly to younger subjects on iconic memory tasks. However, 

investigations that have studied iconic memory among poor readers 
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have been inconsistent. In fact, some of the studies have found that 

poor readers actually performed better than normal readers 

(Stanley, 1976). For example, Fisher and Frankfurter (1977) found 

that poor readers had better recall than normal readers when 

presented with two, four, or six upper case letters for 200 msec. 

These results are unexpected given poor readers' difficulty in 

phonological coding and verbal retrieval. More consistent with the 

research on short-term memory, an investigation using the partial 

report technique found that when digits were presented for 100 

msec, under a pre-cue, an immediate cue, and a delayed cue 

condition, normal readers recalled more digits than poor readers. 

However, the difference between pre and post cueing was not 

proportionately greater for poor readers (Alwitt, 1963). This 

suggests that both reading groups had memory traces of equal 

durations. Differences in recall may have been due to differences 

transferring verbal material to short-term memory or differences 

maintaining the items in memory. One problem with this study was 

that age was collapsed across reading groups and may have been a 

confound. Another study conducted by Morrison et al. (1977) found 

that when circular arrays of letters, geometric forms, or abstract 

forms, were presented for 150 msec, poor readers recalled fewer 

verbal and nonverbal items than normal readers when the cue was 

delayed for 300 msec, or more. It may have been that at longer 

delay intervals poor readers failed to use efficient maintenance 

strategies or they may have had encoding, organization, or retrieval 

problems. Neither of the studies discussed above used a mask to 
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terminate the afterimage so the findings may have been due to 

differences in using short-term memory maintenance strategies. In 

addition, neither controlled for the effects of higher level processing 

on iconic report. Thus, differences between groups may have had 

more to do with short-term memory than iconic memory itself. 

Overall, the investigations exploring iconic memory functioning in 

poor readers are inconsistent and leave many questions unanswered. 

Although it is clear that poor readers demonstrate verbal short-

term memory deficits, few studies have been done that examine 

iconic processing in poor readers. The studies that have been done 

have confoimded iconic processing with short-term memory making 

it difficult to determine where the deficits lay. Orthographic 

knowledge has not been studied in poor readers. Moreover, studies 

comparing children and adults with reading difficulty are rare. It 

cannot be assumed that cognitive functioning remains the same at 

various stages of development. By comparing children and adults 

with reading problems, it is possible to see how memory deficits, if 

they exist, are manifested throughout development. Similarly, 

because reading disability has been characterized as a dysfunction 

involving a maturational delay in cognitive processing, research 

comparing iconic transfer in children and adults is needed to 

examine if poor readers perform the same as younger subjects. 

Lastly, research on iconic processing is needed in order to determine 

if deficits in iconic transfer contribute to verbal short-term memory 

deficits and reading problems exhibited by poor readers (see 

Appendix A for extended literature review). 
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Present Studv 

The purpose of the present study was to examine reading ability 

as it relates to memory in order to delineate the roles of iconic 

transfer and short-term memory. Of particular interest was how 

memory interacts with phonological, visual, location, and 

orthographic information. By varying stimulus duration, employing a 

mask, and using a cue to vary the number of items reported, it was 

possible to study iconic transfer minimizing the confound of short-

term memory. Recall under long durations is an indicator of short-

term memory processing and can be used to partial out the effects of 

short-term memory from iconic transfer. Similarly, employing a 

mask ensures that the iconic memory trace is erased at equal time 

intervals for all subjects so that exposure durations remain constant. 

Lastly, employing a cue to vary the number of items reported 

focuses attention to a few of the items in the display. By focusing 

attention, the cue predetermines the order of transfer from iconic to 

short-term memory so that transfer strategy is controlled. In the 

noncue condition, attention is not focused and the order of transfer is 

determined by the subject. In addition, in the cue condition fewer 

items are required for recall than in the noncue condition, thus 

placing less demand on short-term memory. Previous research on 

iconic memory in poor readers has failed to control for the effects of 

short-term memory on iconic memory (Alwitt, 1963; Morrison et al., 

1977), and has not examined the effects of age and reading ability on 

performance in a partial and full report. By controlling for these 
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factors, the effect of focusing attention was examined, and the 

amount of involvement from short-term memory was varied. 

Another variable that researchers have failed to examine is the 

order of approximation to English in the stimulus. In the present 

study, orthographic (letter pattern) similarity to English was varied 

to explore how orthographic and phonologic knowledge interacts 

with memory and affects recall. Moreover, pervious research has not 

compared the types of errors that children, adults, and poor readers 

make on an iconic memory task. An examination of error types was 

done in an effort to explore if differences existed in the way these 

groups code visual, phonological, and location information. 

Hypotheses 

1. Short-term recall has been found to increase with age 

(Morrison, Holmes, & Haith, 1974) as a result of improved strategy 

usage and stronger phonological representations. These cognitive 

mechanisms for improving memory functioning would also be 

expected to operate in poor readers. Thus, it was hypothesized that 

overall there would be an increased efficiency in iconic and short-

term recall with age. It was also thought that below average readers 

would acquire compensation mechanisms with age which would 

cause their recall to increase at a faster pace than the above average 

readers' recall. Because poor readers begin with a large 

disadvantage, the below average readers were not expected to 

surpass the above average readers in recall. Instead, it was expected 
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that the decrement in recall between the reading groups would 

decrease with age. 

2. Poor readers have been found to exhibit short-term memory 

deficits of verbal material, but not of nonverbal material (Brady, 

1991). Researchers suggest that this difficulty in remembering 

verbal material is due to poor readers having weak phonological 

representations (Das, Mulcahy, & Will, 1982). In replication of these 

findings, it was hypothesized that below average readers would 

recall fewer verbal items than above average readers. In contrast, 

on nonverbal items, it was expected that there would be no 

differences in recall between the reading groups. 

3. Researchers have suggested that spelling deficits found in poor 

readers are a result of their limited knowledge of the rules of English 

orthography (Just & Carpenter, 1987). That is, they are less familiar 

with English orthography than are good readers. Given that familiar 

items are easier to remember than unfamiliar (Vellutino, 1987), 

differences between the two reading groups were expected to 

increase with increasing similarity to English. Because both reading 

groups have some knowledge of English orthography, it was expected 

that both groups would recall more words than nonwords, and more 

letter sequences resembling ordinary English than letter sequences 

not resembling English. 

4. Differences between older and younger subjects have been 

found to increase as exposure time increases because older subjects 

utilize exposure time more efficiently (Ewert & Janzen, 1978; 

Morrison et al., 1974; Sheingold 1973). Thus, it was hypothesized 
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that with increasing stimulus exposure, differences between children 

£Uid adults would increase. Although it has not been previously 

examined, based on the findings with children, above average 

readers were also expected to improve at a faster rate with 

increasing exposure durations than below average readers. This is 

because reading problems have been characterized as a 

developmental delay, and poor readers are thought to operate 

similarly to younger readers. 

5. It has been theorized that short-term memory deficits in poor 

readers are a result of weak phonological representations and are not 

due to specific impairments in short-term or iconic memory 

(Vellutino, 1987). Thus, it was hypothesized that iconic functioning 

in below average readers would be intact. One area of functioning 

that would demonstrate this was expected to be recall under a 

partial and full report. All of the subjects were expected to recall 

more items under partial report than full report because when fewer 

items are recsdled there is less demand on short-term memory (Dick, 

1974). Below average readers were expected to demonstrate 

proportionately greater increases in recall than above average 

readers when short-term memory demands were decreased under a 

partial report. This would suggest that recall deficits are the result 

of difficulty transferring or maintaining verbal material in short-

term memory and are not due to iconic memory deficits. 

6. English speaking persons tend to use a left to right cognitive 

scanning strategy of visual material as a result of reading from left to 

right. This left to right scanning ability has been found to be 
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positively associated with reading skill (Schwantes, 1979). Since 

one's scanning strategy determines the order of transfer from iconic 

into short-term memory, it was hypothesized that above average 

readers would use a more systematic order of transfer from iconic to 

short-term memory than below average readers. Both reading 

groups were expected to recall more items in the left visual field 

than the right visual field. However, below average readers were 

expected to recall proportionately fewer items in the left visual field 

than above average readers. 

7. Research has indicated that the most stable memory code for 

reading purposes is a phonetic code (Conrad, 1964). In addition, 

young poor readers have been found to be less sensitive to phonemic 

similarity than older skilled readers (Das, Mulcahy, & Wall, 1982). 

Researchers have suggested that these phonological deficits are a 

result of poor readers having weak phonological representations 

(Shankweiler, Liberman, & Mark, 1982). Based on these findings, it 

was hypothesized that all subjects would use a phonological coding 

strategy in short-term memory, but that below average readers 

would use a less efficient phonological coding strategy than above 

average readers. The use of a phonological coding in short-term 

memory by both reading groups was expected to be demonstrated 

by both groups making proportionately more phonologically similar 

errors than visually similar errors. Below average readers were also 

expected to make proportionately more phonological errors than 

above average readers and no differences between the reading 

groups were expected in the proportion of visual errors. These 
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findings would suggest that below average readers use a less 

efficient phonological coding strategy than above average readers in 

memory. 
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CHAPTER II 

MEinODS 

Design 

The present study was a mixed factorial design with age and 

reading ability as the between-subjects variables and stimulus type, 

stimulus duration, and type of report as the within-subjects 

variables. The study included three levels of age (young, medium, 

and adult) and two levels of reading ability (below average and 

above average). The within-subjects variables included four levels 

of stimulus type (words, fourth-order approximations to English, 

first-order approximations to English, and abstract forms), three 

levels of stimulus duration (50 msec, 500 msec, and 1000 msec), 

and two levels of type of report (a partial report of 4 items or a full 

report of 16 items). 

Subjects 
The total sample consisted of 74 subjects. Twenty-seven college 

students were recruited from introductory psychology courses and 

from the Texas Academic Skills Program (TASP) at Texas Tech 

University. They were either given class credit or remedial 

intervention credit for participating in the study. Forty-seven 

children were recruited from an elementary school in the Lubbock 

Independent School District. 

Subjects were administered the Block Design and Vocabulary 

subtests of the Wechsler Intelligence Scale for Children-Ill 
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(WISC-III) or the Wechsler Adult Intelligence Scale-Revised (WAIS-

R), and the reading subtest of the Wide Range Achievement Test-

Revised (WRAT-R). To be included in the study, a subject was 

required to have an estimated IQ,score greater than or equal to 80, 

based on Block Design and Vocabulary subtests (Siegel & Ryan, 

1989). Subjects were then divided into below and above average 

reading ability groups at the median of the WRAT-R scores. Below 

average readers had WRAT-R scores of 101 or less, and above 

average readers had WRAT-R scores of 102 or greater, placing 37 

subjects in each group. Informed consent was obtained from all 

subjects, and parental consent was obtained for subjects under 18 

years of age. 

The 27 adults ranged in age from 18.4 through 20.4, with 11 in 

the below average reading group and 16 in the above average 

reading group. The sample of 25 children in the medium age group 

ranged in age from 10.8 through 13.3 (grades five through six), with 

14 in the below average reading group and 11 in the above average 

reading group. The sample of 22 children in the young age group 

ranged in age from 7.3 through 9.9 (grades two through three), with 

12 in the below average reading group and 10 in the above average 

reading group. 

The sample consisted of 60 Anglos and 14 Hispanics. For all of 

the subjects, English was the primary language spoken at home and 

was the first language learned. There were 39 males and 35 females. 

There were 19 males in the below average reading group, 20 males 

in the above average reading group, 17 females in the below average 
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reading group, and 17 females in the above average reading group. 

The means and standard deviations of WRAT-R and Id estimates are 

shown in Table 1. 

Materials 

The stimuli were presented to subjects on a 386 sx IBM 

compatible computer that had a monochrome monitor with a 12 inch 

diagonal and 90 degree deflection. The monitor had a medium 

persistence, high resolution, high contrast, non-glare screen. The size 

of the characters were .103 inches (H) x .252 inches (W). The 

characters were white phosphor and were displayed on a black 

background. The stimuli consisted of 16 symbols arranged in a four 

by four matrix. The symbols were either four letter words, four 

letter nonwords based on the first- and fourth-order approximations 

to English non-repeated letter sequences provided by Hirata & 

Bryden (1971), or standard computer-generated abstract forms (see 

Appendix B for abstract forms). In the cueing condition, one bar 

appeared on each side of the row that was to be reported. Fifty 

msec following the stimulus presentation, the cue appeared for 50 

msec. The mask consisted of a four by four dot matrix that 

appeared 50 msec following stimulus presentation and remained for 

500 msec while the cue was being presented. Either a letter or 

abstract form cardboard response grid that contained all of the 

possible responses arranged in random order was placed next to the 

computer. The response grid was sue inches (H) x fourteen inches 
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(W) and contained black symbols on a white background. The 

symbols on the grid were one and one eighth inch tall. 

Procedure 

All subjects were individually tested by one of three examiners 

(one male and two females). Children were tested at their 

elementary school, and adults at the psychology building at Texas 

Tech University. Initially, all subjects were administered the pre

test measures to ensure the subjects were of average intelligence or 

above and to classify them into reading groups. The subjects' name, 

date of birth, grade, ethnicity, and gender were also recorded. 

Subjects were then asked to sit on a chair placed in front of a 

standard IBM computer. The viewing distance was approximately 14 

inches. The standard partial and full report procedures for 

examining iconic memory (Sperling, 1960) were used. The subjects 

were given 15 practice trials to become familiar with the procedures 

(see Appendbc C for instructions). If they did not understand the 

procedures, they were given more practice trials in intervals of 5 

until they reached an understanding. For the testing sessions, each 

within-subjects condition consisted of 10 display trials. Before each 

set of trials, subjects were told whether they would be required to 

report the full array or a row of items that the indicator pointed to. 

The subjects were instructed to say "ready" when they wished to 

initiate the presentation of the stimuli and to focus on the fixation 

cross in the center of the screen. After a 500 msec, delay, the 

stimulus array appeared for either 50, 500, or 1000 msec. The 

order of conditions was counterbalanced. 
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Within a sequence of trials, the subjects set their own rate of 

responding. Subjects were instructed to report either a row of items 

or all of the items by pointing to the correct items on the response 

grid or stating the items verbally. Subjects were encouraged to give 

an educated guess when they were not sure. The experimenter 

entered the items in the computer. Children had approximately six 

30-minute testing sessions, and adults had approximately three 60-

minute testing sessions. All of the subjects were given 

encouragement and positive feedback throughout. After 

participating in the study, subjects were debriefed as to the purpose 

of the study. 

Scoring 

The dependent measure of recall was the number of incorrect 

items. An item was considered incorrect if a symbol was not 

identified in its correct position. For the cue condition, incorrect 

responses were multiplied by four (Sperling, 1960), in order to 

compare the cue to the noncue condition. The overall errors were 

classified as phonologically or visually similar, i The number of 

phonologically and visually similar errors were divided by the total 

number of errors to determine the percentage of errors that were 

phonologically and visually similar to the correct responses. Location 

errors were calculated by adding up the number of symbols in the 

1 Three raters were independently asked to group the symbols that were 
visually and phonologically similar. Symbols were classifies as similar when 
two of the three raters were in agreement (see Appendix D for those classified 
as similar). 
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report which agreed with the symbols in the stimulus but were not 

in the correct position. This was then divided by the total number of 

errors in order to calculate the percentage of errors due to the 

inability to recall the correct location. The number of errors in the 

left and right halves, and the top and bottom halves of the display 

were also divided by the total number of errors to find the 

percentage of errors in the four hcdves of the display. 
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Table 1 

Means and Standard Deviations for the WRAT-R and Full-scale IQ, 
Estimates. 

Group Mean WRAT-R (SD) Mean Estimated FSia(SD) 

Males 

Females 

Young 

Below average 

Above average 

Medium 

Below average 

Above average 

Adult 

Below average 

Above average 

101.38 (14.29) 

99.35 (13.72) 

101.09 (13.99) 

90.58 (6.44) 

113.7 (9.09) 

97.32(13.32) 

88.07 (10.26) 

107.09(7.1) 

102.29(14.09) 

88.27 (9.03) 

111.93(6.81) 

103 (21.72) 

104.94 (16.77) 

102.09 (19.51) 

90.25 (14.23) 

116.3(15.15) 

101.08 (17.54) 

99.14(15.16) 

103.54 (20.69) 

107.96 (20.82) 

92.45(11.35) 

118.62(19.18) 
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CHAPTER III 

RESULTS 

Because the estimated full-scale IQ, differed by more than one 

standard deviation between the reading groups, in all of the analyses 

that follow, the estimated full-scale IQ,was used as a covariate. To 

examine the effects of age and reading ability on iconic transfer and 

short-term recall, ANCOVAs were conducted with recall as the 

dependent measure. To examine the between-subjects effect of age 

and reading ability and the within-subjects effects of stimulus type, 

duration, and type of report, mixed factorial MANCOVAs were 

conducted using the number of errors as the dependent measure. 

MANCOVAs were also conducted to explore the nature of cognitive 

scanning, coding in memory, and the amount of location information 

that is maintained in memory using the proportion of errors in each 

half of the display and the proportion of visual, phonological, and 

location errors as the dependent measures. 

Total Recall 

In order to examine if there was an overall increase in memory 

functioning with age and reading ability, a between-subjects 

ANCOVA was conducted using age (young, medium, and adult) and 

reading ability (below average and above average) as the between-

subjects variables, the full-scale ICJ, estimate as the covariate, and the 
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total error rate as the dependent measure. The effects of ICJ, F(l, 

66)= 30.22, p< .001, age, F(2,66)= 44.03, p< .001, and reading abUity, 

F(l, 66)= 11.28, p< .002, were significant The interaction was not 

significant. Above average readers made fewer errors than below 

average readers. Scheffe^ multiple comparisons test found that 

adults made fewer errors than medium and young aged subjects, and 

medium aged subjects made fewer errors than young aged subjects 

(see Figure 1). This supports the predicted increase in recall with 

age. However, it was also hypothesized that improvement in recall 

with age would be greater in below average readers than above 

average readers and that the differences in recall between the 

reading groups would decrease with age. The current findings did 

not support this latter prediction. Instead, the discrepancy in recall 

between the below and above average readers remained the same 

throughout development. 

Stimulus Tvoe 
In order to evaluate the effects of age, reading ability, and 

stimulus type (words, fourth-order approximations, first-order 

approximations, and abstract forms) on recall, a mixed factorial 

MANCOVA was conducted using age and reading ability as between-

subjects variables, the estimated full-scale IQ,as the covariate, 

stimulus type as the within-subjects variable, and the number of 

errors as the dependent measure. The between-group analysis 

revealed significant effects for age, F(2,66)= 43.40, P< .001, and 

2 All of the Scheffe analyses were conducted at the .05 level of significance. 
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reading ability, F(l, 66)= 11.41, P< .002. The interaction between age 

and reading ability was not significant. The within-group analysis 

found the effect of stimulus type, F(3, 201)= 939.42, p< .001, the age 

by stimulus type interaction, F(6,201)= 18.40, p< .001, and the 

reading ability by stimulus type interaction, F(3, 201)= 12.73, P< 

.001, to be significant. The age by reading ability by stimulus type 

interaction was not significant. When the abstract form condition 

was removed from the MANCOVA, the within-group effect of 

stimulus, F(2,136)= 551.66, p< .001, the age by stimulus interaction, 

F(4,136)= 8.59, p< .001, and the reading ability by stimulus 

interaction, F(2,136)= 3.72, p< .03, continued to be significant 

Separate follow-up ANCOVAs were conducted to examine where 

the differences lay between the reading groups. They revealed that 

the above average readers made significantly fewer errors than the 

below average readers when words, F(l, 70)= 6.78, p< .012, fourth-

order approximations, F(l, 70)= 9.07, p< .005, and first-order 

approximations, F(l, 70)= 5.42, p< .024, were displayed. These 

differences tended to increase with increasing similarity to English. 

No differences were found between reading groups when abstract 

forms were displayed (see Figure 2). Thus, as predicted by the 

second and third hypotheses, differences between the reading groups 

were found for verbcd material and not for nonverbal material, with 

these differences increasing with increasing similarity to English. 

Separate Scheffe comparison tests were conducted with each 

stimulus type to determine where the differences lay among the age 

groups. They revealed that when words, fourth-order 
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approximations, and first-order approximations were displayed, 

adults made significantly fewer errors in recall than medium and 

young aged subjects, and medium aged subjects made significantly 

fewer errors than young aged subjects. When abstract forms were 

displayed, adults and medium aged subjects made significantly fewer 

errors than young aged subjects (see Figure 3). The differences 

between age groups also increased with increasing similarity to 

English. 

Subsequent univariate within-group comparisons^ were 

conducted to explore recall for each stimulus type within each group. 

As predicted by the third hypothesis, they indicated that all of the 

age and reading groups made fewer errors when words than when 

nonwords and abstract forms were displayed; when fourth-order 

approximations than when first-order approximations and abstract 

forms were displayed; and when first-order approximations than 

when abstract forms were displayed (see Figures 2 and 3). 

Duration 
A mixed factorial MANCOVA was conducted to examine the effect 

of age and reading ability on recall under the three duration 

conditions (50 msec., 500 msec., and 1000 msec). The between-

group analysis revealed that the effects of age, F(2,66)=43.40, p< 

.001, and reading ability, F(l, 66)= 11.41, p< .002, were both 

significant. The interaction was not significant. The within-group 

3 All of the univariate analyses were conducted at the .05 level of 
significance using Bonferroni corrections. 



analysis found that the effect of duration, F(2,134)= 356.48, p< .001, 

and the age by duration interaction, F(4,134)= 11.22, p< .001, 

significant None of the other interactions were significant. 

Separate follow-up ANCOVAs were conducted to determine where 

the differences lay between the reading groups. They found that 

under the 50 msec, duration, F(l,70)= 8.14, p< .007, and the 500 

msec, duration, F(l,70)= 8.13, p< .007, the above average readers 

made significantiy fewer errors than the below average readers (see 

Figure 4). No differences were found between reading groups during 

the 1000 msec, condition. The above average readers did not 

improve at a faster rate than the below average readers. Thus, in 

contrast to what was predicted in the fourth hypothesis, with 

increasing exposure duration, the differences between below and 

above average readers disappeared. 

Follow-up Scheffe comparison tests were conducted under each 

duration condition to determine where the differences lay among the 

age groups. They indicated that under the 50 msec, duration, the 

adults and the medium aged group made significantly fewer errors 

in recall than the young aged group. Under the 500 msec, and the 

1000 msec, conditions, the adults made significantly fewer errors 

than the medium and young aged groups, and the medium aged 

group made significantly fewer errors than the young aged group. 

These differences between age groups increased with increasing 

exposure (see Figure 5). Thus, as predicted by the fourth hypothesis, 

with increasing exposure duration, the differences between age 

groups also increased. 
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Within-group univariate comparisons were conducted on the 

within-subjects factor of duration. As can be seen in Figures 4 and 5, 

both the age and reading groups made fewer errors in the 1000 

msec, duration condition than the 500 and 50 msec, condition and in 

the 500 msec, condition than the 50 msec, condition. 

To examine recall accounting for the effects of short-term 

memory, separate between-group ANCOVAs were conducted using 

age and reading ability as the between-subjects variables, duration 

as the within-subjects variable and duration as the covariate. No 

significant differences in 50 msec, duration recall were found for 

either the age and reading groups once the variance due to recall in 

the 500 msec, and 1000 msec, conditions were removed. Moreover, 

significant differences continued to exist for the age, F(2,67)= 27.82, 

p< .001, and reading groups, F(l, 67)= 8.68, p< .005, under 500 msec, 

recall when 50 msec, recall was used as a covariate. Similarly, 

significcmt differences between the age groups, F(2,66)= 16.11, p< 

.001, were found under 1000 msec, recall when 50 msec, recall was 

used as a covariate. These results suggests that differences in recall 

found between the age and reading groups are solely due to short-

term memory processing rather than iconic memory processing. 

Type of Report 

In order to determine the effect of age, reading ability, and type 

of report (partial report or full report) on recall, a mbced factorial 

MANCOVA was conducted with reading ability and age as the 

between-subjects variables, the estimated full-scale Idas the 
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covariate, type of report as the within-subjects variable, and the 

number of errors as the dependent measure. The between group 

analysis found that both age, F(2,67)= 41.45, p< .001, and reading 

ability, F(l, 67)= 11.86, p< .002, were significant. The within-group 

analysis found the effect of type of report, F( 1, 68)= 105.37, p< .001, 

and the age by type of report interaction, F(2,68)= 5.46, p< .007, to 

be significant None of the other interactions were significant. 

Separate follow-up ANCOVAs were conducted with each type of 

report to determine where the differences lay between the reading 

groups. They found that under both the partial report, F(l, 71)= 

7.21, P< .010, and full report conditions, F(l, 71)= 6.02, p< .018, the 

above average readers made significantly fewer errors than the 

below average readers (see Figure 6). It was predicted by the fifth 

hypothesis that the discrepancy between reading groups would 

increase under the partial report. However, this was not the case. 

Instead, the discrepancy in recall between the below and above 

average readers remained the same under both types of report 

Separate follow-up Scheffe comparison tests were conducted with 

each type of report to determine where the differences lay among 

the age groups. They indicated that under both the partial and full 

report conditions, the adults made significantly fewer errors than the 

medium and young aged subjects, and that the medium aged subjects 

made fewer errors than the young subjects. The differences between 

age groups tended to increase under the partial report as compared 

to the full report (see Figure 7). 
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Subsequent univariate comparison tests were conducted to 

examine performance under each type of report within each group. 

As predicted by the fifth hypothesis, all of the age and reading 

groups made fewer errors under the partial report condition than the 

full report condition (see Figures 6 and 7). 

Cognitive Scanning Strategv 

In order to determine if the age and reading groups were using 

similar cognitive scanning strategies, a MANCOVA was conducted 

with age and reading ability as the between-subjects variables, the 

full-scale Id estimate as the covariate, duration as the within-

subjects variable, and the proportion of errors in the left half of the 

display as the dependent measure. The between-group analysis 

found significance for the effects of Id F(l» 66)= 5.79, p< .02, and 

age, F(2,66)= 20.44, p< .001. The effect of reading ability was not 

significant. The within-group analysis found the effect of duration, 

F(2,134)= 41.50, p< .001, to be significant None of the other 

interactions were significant. Scheffe comparison tests were 

conducted with each duration to determine where the differences lay 

among the age groups. They foimd that for the proportion of errors 

in the left half of the display under the 50 msec, condition, the adults 

made proportionately fewer errors than the young aged subjects but 

not the medium aged subjects. Under the 500 msec, and 1000 msec, 

conditions, the adults made proportionately fewer errors on the left 

half than the medium aged and young aged subjects (see Figure 8). 

While it seems that with age, subjects were able to use a more 
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systematic cognitive scanning strategy that began on the left half of 

the display, the two reading groups did not perform differently from 

one another. These findings were not in support of the sixth 

hypothesis which stated that above average readers would have 

propx)rtionately fewer errors in the left half of the display than 

below average readers. Instead it seems that both reading groups 

scanned the left half of the display equally well. 

When the proportion of errors in the right half of the display was 

examined under the three duration conditions, significance was 

found for Id F(l, 66)= 10.55, p< .003, and reading ability, F(l, 66)= 

14.45, p< .001, but not for age. The interaction between age and 

reading ability was not significant. The within-group analysis found 

significance for the effect of duration, F(2,134)= 8.19, p< .001. None 

of the interactions were significsint. Separate follow-up ANCOVAs 

revealed that under the 50 msec, condition, F(l, 70)= 5.61, p< .022, 

the 500 msec, condition, F(l, 70)= 3.82, p= .05, and the 1000 msec, 

condition, F(l, 70)= 8.25, p< .006, the above average readers made 

proportionately fewer errors in the right half of the display than the 

below average readers (see Figure 9). 

When the proportion of errors in the top half of the display were 

examined under the three duration conditions, significance was 

found for Id F(l, 66)= 4.45, p< .04, and age, F(2,66)= 9.59, p< .001, 

but not for reading ability. The interaction was also not significant 

The within-group analysis found significance for the effect of 

duration, F(2,134)= 82.15, p< .001. None of the interactions were 

significant. Follow-up Scheffe comparison tests found that under all 
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three durations, the adults made proportionately fewer errors in the 

top half of the display than the young aged subjects (see Figure 10). 

It appears that with age, subjects were better able to scan the top 

portion of the display. 

When the proportion of errors in the bottom half of the display 

was examined for the three duration conditions, the effects of age, 

F(2,66)= 25.68, p< .001, and reading ability, F(l, 66)= 4.74, p< .034, 

were significant. The interaction was not significant The within-

group analysis found significance for the effect of duration, F(2, 

134)= 155.33, p< .(X)l, and for the age by duration interaction, F(4, 

134)= 3.50, p< .01. Separate follow-up ANCOVAs were conducted to 

determine were the differences lay between the reading groups. 

They found that for the 50 msec, condition, F(l, 70)= 6.37, p< .015, 

the below average readers made proportionately fewer errors in the 

bottom half of the display than the above average readers (see 

Figure 11). No differences were found between the reading groups 

under the 500 and 1000 msec, conditions. Scheffe comparison tests 

revealed that under the 50 msec, condition, the young aged group 

made proportionately fewer errors in the bottom half of the display 

than the adults and the medium aged group. Under the 500 msec, 

condition, the young subjects made proportionately fewer errors 

than the medium aged subjects and adults, and the medium aged 

subjects made proportionately fewer errors than the adults. Under 

the 1000 msec, condition, the young aged subjects made 

proportionately fewer errors than the medium aged subjects and the 

adults (see Figure 12). This suggests that at short durations, below 
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average readers may be less systematic than above average readers 

but with more time are equally efficient. 

Overall, these findings exploring the proportion of errors in each 

half of the display suggest that with age, subjects were better able to 

use a more systematic scanning strategy that began at the top and 

left halves of the display, thus having more errors in the left half and 

fewer errors in the bottom half. As for reading groups, the findings 

suggest that below average readers were not less systematic in 

scanning strategy. They simply required more time. 

In order to determine whether the groups of subjects performed 

differently in each half of the display during the 50 msec, condition, 

a mixed factorial MANCOVA was conducted using age and reading 

ability as the between-subjects variables, location of errors as the 

within-subjects variable, and the proportion of errors as the 

dependent measure. The with-in subject effect of location was 

significant, F(3, 204)= 6504.86, p< .001. The age by location, F(6, 

204)= 6.93, p< .001, the reading ability by location, F(3,204)=7.64, p< 

.001, and the age by reading ability by location, F(6, 204)= 2.27, p< 

.039, interactions were also significant. Subsequent univariate 

comparison tests indicated that, as predicted by the sbcth hypothesis, 

all of the age and reading groups made proportionately fewer errors 

in the top half of the display than the bottom half, and 

proportionately fewer in the left half than the right half, suggesting 

that all of the groups used a left to right and top to bottom cognitive 

scanning strategy (see Figure 13). 
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Similarly, when the proportion of errors in each half of the 

display under the 500 msec, condition was examined, the effect of 

location was significant, F(3, 204)= 3730.19, p< .001. The reading 

ability by location, F(3, 204)= 3.64, p< .015, and the age by location, 

F(6, 204)= 14.05, p< .001, interactions were also significant 

Univariate comparison tests indicated that again both of the age and 

reading groups made proportionately fewer errors in the top half of 

the display than the bottom half, and proportionately fewer in the 

left half than the right half (see Figures 14 and 15). 

As with the 50 and 500 msec, conditions, when the proportion of 

errors in each half of the display under the 1000 msec, condition was 

examined, the effect of location was significant, F(3, 201)= 2837.80, 

p< .001. The reading ability by location, F(3,201)= 2.91, p< .036, and 

the age by location, F(6,201)= 10.57, p< .001, interactions were also 

significant. Again univariate comparison tests were in support of the 

sbah hypothesis in finding that all of the age and reading groups 

made proportionately fewer errors in the top half than the bottom 

half, and in the left half than the right half (see Figures 16 and 17). 

Coding Strategy 

In order to determine if the age and reading groups were using a 

visual coding strategy equally effectively, a mbced factorial 

MANCOVA was conducted using age and reading ability as the 

between-subjects variables, the full-scale Id estimate as the 

covariate, duration as the within-subjects variable, and the percent 

of visual errors as the dependent measure. When verbal material 
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was displayed, neither of the between-group effects of age or 

reading were significant. This finding of no differences in visual 

encoding between groups was is support of the seventh hypothesis. 

When abstract forms were displayed, there was a significant 

difference for the proportion of visual errors for the age groups, F(2, 

66)= 5.74, p< .006, but not the reading groups. The interaction was 

not significant Under the 50 msec, condition, Scheffe comparison 

tests found that the young and the medium aged groups made 

proportionately fewer visual errors than the adults. Under the 1000 

msec, condition, the young group made proportionately fewer visual 

errors than the adults. This suggests that when a phonological code 

was not available, the ability to visually encode abstract forms 

increased with age. 

In order to determine if the age and reading groups were using a 

phonological coding strategy equally effectively, a mbced factorial 

MANCOVA was conducted using age and reading ability as the 

between-subjects variables, the full-scale Id estimate as the 

covariate, duration as the within-subjects variable, and the percent 

of phonological errors as the dependent measure. The effect of age, 

F(2, 67)= 3.51, p< .037, was significant, while the effect of reading 

ability was not The interaction was also not significant. While the 

reading groups both used a visual coding strategy equally effectively, 

the above average readers did not make proportionately fewer 

phonological errors than the below average readers. These findings 

were not in support of the seventh hypothesis which predicted 
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differences in the proportion of phonological errors between reading 
groups. 

Separate follow-up Scheffe comparison tests were conducted to 

determine were the differences lay among the age groups. These 

analyses, however, did not find any significant differences between 

the age groups for the proportion of phonological errors. 

In order to explore whether the age and reading groups were 

using a visual or phonologic coding strategy, separate within-subjects 

MANCOVAs were conducted for each duration using age and reading 

ability as the between-subjects variables, duration as the within-

subjects variables, and the proportion of visual and phonological 

errors as the dependent measure. Significance was found for the 

with-in group effect of type of coding under the 50 msec, condition, 

F(l, 68)= 39.35 p< .001, and the 1000 msec, condition, F(l, 68)= 4.21 

p< .045. Significance was not found in the 500 msec, condition nor 

for any of the interactions. As shown in Figures 18 and 19, 

univariate comparison tests indicated that all of the age and reading 

groups made proportionately fewer phonological errors than visual 

errors under the 50 msec, duration condition. During the 1000 msec, 

condition, however, the below average readers made proportionately 

fewer visual errors than phonological errors (see Figure 20). While 

not statistically significant, it is interesting to note that all of the age 

and reading groups made proportionately fewer visual than 

phonological errors under the 1000 msec, condition (see Figure 21). 

This is the opposite of what was found under the 50 msec, condition. 

Thus the seventh hypothesis which predicted that the reading groups 
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would make proportionately more phonologically similar errors than 

visually similar errors was only supported during the 1000 msec, 

condition. 

Location Information 

In order to determine whether age and reading ability has an 

affect on the proportion of location errors, a mbced factorial 

MANCOVA was conducted using age and reading ability as the 

between-subjects variables, the full-scale Id estimate as the 

covariate, duration as the within-subjects variable, and the 

proportion of location errors as the dependent measure. The 

between-group analysis was not significant. The within-group 

analysis found significance for the within-group effect of duration, 

F(2,134)= 7.23, p< .002. Based on these findings, it appears that all 

of the age and reading ability groups maintain location information 

equally well. 
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Figure 1. Mean number of total recall errors 
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Figure 2. Mean number of recall errors (adjusted for IQ) 
for each reading group by stimulus type 
(maximum possible errors = 960). 

46 



1000 

(0 

& 600 

T 1 r 
Abstract First-order Fourth-order Word 
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left half of the display (adjusted for \Q) 
for each age group by duration. 
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Figure 9. Mean proportion of recall errors in the 
right half of the display (adjusted for IQ) 
for each reading group by duration. 
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top half of the display (adjusted for IQ) 
for each age group by duration. 
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half of the display under the 1000 msec, 
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group. 
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Figure 19. Mean proportion of visual and 
phonological errors under the 50 msec, 
duration (adjusted for IQ) for each age 
group. 
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CHAPTER IV 

DISCUSSION 

The present study explored visual memory processing in below^ 

and above average readers to examine if memory deficits observed 

in poor readers were the result of deficits in iconic transfer or short-

term memory. Three levels of age were used to see if the nature of 

these memory deficits changed during development The results 

suggest that memory deficits observed in poor readers have to do 

with difficulty processing phonological information in short-term as a 

result of having weak phonological representations in long-term 

memory. This is consistent with previous findings (Brady, 1986; 

Mann, Liberman, & Shankweiler, 1980; Swanson, Cochran, & Ewers, 

1989). Below average readers made more errors than above average 

readers under 50 and 500 msec, durations but not under the 1000 

msec, duration. This suggests that with more time, poor readers are 

able to perform as good as normal readers. Only at short-durations 

do poor readers have difficulty processing information. When the 

effect of 500 msec, recall was statistically removed, differences 

between reading groups during 50 msec, recall disappeared. 

Conversely, when the effect of 50 msec, recall was removed, 

differences in 500 msec, recall continued to exist between the 

reading groups. This suggests that memory deficits observed in poor 

readers are the result of difficulty processing information in 

4 In the present study the below average reading group included some 
average readers. However, in the discussion of the findings, the results from 
below average readers will be generalized to poor readers. 
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short-term memory rather than iconic memory. This lack of an 

iconic memory deficit in poor readers has been supported by others 

(i.e., Fisher & Frankfurter, 1977). 

With regards to the type of report, the current investigation 

found differences between the reading groups under both the partial 

and full report, with the above average readers recalling more items 

than the below average readers. Other investigators have found no 

differences in recall between reading groups under a partial report. 

For example, Morrison, Giordani, and Nagy (1977) found no 

differences in recall between poor and normal readers on a partial 

report task when stimuli were presented for 150 msec, and the cue 

was delayed from zero to 300 msec. However, the stimuli in their 

study consisted of circular arrays, and in the present study the 

stimuli was arranged in rows. It may be that processing items 

presented in rows is easier for normal readers than processing items 

arranged in a circle. In Morrison et al. (1977), normal readers' recall 

may have surpassed the poor readers, had the items been presented 

in a row rather than a circle. Similarly, the partial report in Morrison 

et al. (1977) was a one-item report while in the present study it was 

a four-item. This increase in the number of items reported places 

more demand on short-term memory and may have been more 

difficult for poor readers than reporting one item would have been. 

Moreover, the present study used a 16 item display, while Morrison 

et al. (1977) used an eight-item display. Researchers (Fisher & 

Frankfurter, 1977) have found that poor readers' recall decreases 

with increased stimulus density. It may have been that the 16 item 
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display placed more demand on below average readers' short-term 

memory making the task more difficult. 

Taken together, the findings indicate that recall differences 

between poor and normal readers are the result of difficulty in 

short-term processing at brief durations rather than iconic 

processing. More specifically, it seems that poor readers' difficulty in 

short-term processing is related to a phonological deficit. In the 

present study, below average readers recalled fewer verbal items 

than above average readers but no differences were found in the 

recall of nonverbal items. All of the subjects' recall increased with 

increasing similarity to English words. However, above average 

readers improved at a faster rate than below average readers. It 

appears that when the stimuli more closely resembled English words, 

above average readers were able to more efficiently transfer and 

maintain items in short-term memory and were thus able to recall 

more information. These fmdings are consistent with previous 

research on verbal memory (Brady, 1991; Das, Mulcahy, & Will, 

1982). Swanson (1984) found that normal readers recalled more 

than poor readers when abstract forms were given nonassociated 

and associated names. However, no differences in recall were found 

in the no-name condition. This suggests that the verbal label was an 

aid to the normal readers' memory but that poor readers had 

difficulty using the label to aid memory. Thus, it seems that poor 

readers' difficulty processing information in short-term memory has 

to do with a phonetic deficit Poor readers have weaker phonological 

representations in long-term memory and therefore have difficulty 
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using a phonetic code to aid short-term memory. Normal readers are 

able to use both visual and phonological coding in memory. Not only 

do problems with phonological coding make the memory of verbal 

information more difficult, they also place greater demand on 

cognitive resources, leaving fewer for memory. 

Although poor readers have difficulty processing phonological 

information, it appears that both poor and normal readers use 

phonological coding in short-term memory. In the present study, no 

differences were found in the proportion of visual or phonological 

errors between the age and reading groups when letters were 

displayed. Under the 50 msec, duration, cdl of the age and reading 

groups made proportionately more visual errors than phonological 

errors. This was not the case at longer durations. Under the 1000 

msec, duration, the below average readers made proportionately 

more phonological errors than visual errors. One possible 

explanation for these findings is that the similarity classifications 

used in the current study were not a good representation of the type 

of visual and phonological coding processes that operate in short-

term memory. Differences may have been found if a more 

standardized set of similarity groupings had been used. 

Alternatively, it may be that under brief durations, subjects have 

difficulty transferring visual information into a phonological code 

and thus tend to use visual encoding in memory. Under longer 

exposure durations, subjects may use a phonological code that poor 

readers have difficulty with. This is consistent with what others 

have found. For example, Brady, Mann, and Schmidt (1987) found 
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that both poor and normal readers were influenced by the phonemic 

similarity of items being recalled. Similarly, Siegel and Linder 

(1984) found that young poor readers showed no differences in the 

recall of rhyming and nonrhyming letters, but older poor readers and 

normal readers were better able to recall nonrhyming letters than 

rhyming letters. This suggests that phonological coding does develop 

in poor readers, but may develop at a slower pace than in normal 

readers. It seems that both poor and normal readers use 

phonological coding in short-term memory. Poor readers, however, 

have difficulty with a phonological code and make more errors than 

normal readers. 

With regard to age, recall was found to increase with age. These 

differences in recall with age tended to increase with increasing 

similarity to English words. This is consistent with previous findings 

(i.e., Schwantes, 1979). As with the reading groups, all of the age 

groups' recall improved with increasing similarity to English words. 

This suggests that phonological processing plays a role in 

developmental increases in memory as well. 

However, something other than phonological processing seems to 

be limiting recall in children. Differences between the age groups 

were found for both verbal and nonverbal material. Moreover, in 

the abstract form condition, when a phonological code was not 

available, adults made proportionately more visual errors than 

younger subjects. This suggests that memory development with age 

involves more operations then phonological processing. This is not 

surprising, but does point to the distinction between poor readers' 
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"delay" in memory processing and a general developmental delay in 

memory processing. 

Recall differences with age may be due to children's difficulty 

processing several items at once. For example, Haith, Morrison, 

Sheingold, and Mindes (1970) found that when two, three, or four 

items were briefly presented to five-year-olds and adults, adults 

accurately reported an increasing number of items when the number 

of items presented increased. Five-year-olds could only report 1.6 of 

the items regardless of how may items were presented. Researchers 

(Haith et al., 1970; Liss & Haith, 1970) have found no evidence of 

age differences in visual processing when a single items was 

presented. Thus, it appears that children have difficulty processing 

multiple items in memory. 

When processing several items at once, items initially registered 

in parallel must be serially transferred into short-term memory. 

Children appear to use a less systematic order of transfer from iconic 

to short-term memory than adults. In the present study, all of the 

subjects had more errors in the right side of the display than the left 

and more in the bottom half than the top. This suggests that all 

subjects used a left to right and top to bottom cognitive scanning 

strategy to transfer items from iconic to short-term memory. 

However, younger subjects were less efficient in their scanning 

strategy than older subjects, making proportionately more errors in 

the left side and proportionately fewer errors in the bottom half. 

This suggests that with age, people are better able to use a 

systematic scanning strategy that t)egins at the top and left halves. 
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As a result of a less efficient strategy, more time is needed to 

transfer information to short-term memory, with less time remaining 

for higher order processing. 

With regards to reading ability, at all durations, below average 

readers were able to scan the left side of the display as 

systematically as above average readers. In addition, at all 

durations, below average readers had proportionately more errors in 

the right side of the display than above average readers. During the 

50 msec, duration, below average readers had proportionately fewer 

errors in the bottom half of the display than above average readers. 

This suggests that only at brief durations, are poor readers less 

systematic in their scanning than normal readers and that poor 

readers have trouble fully scanning the right side of a display. It 

may be that poor readers are as systematic in cognitive scanning as 

normal readers but require more time to scan the entire display. 

An increase in left and right visual field differences with age has 

also been found by others. For example, Schwantes (1979) found 

that accuracy for the recall of nonwords was greater in the left visual 

field than the right. Morrison et al. (1974) also found an increase in 

left and right visual field differences in recall with age. However, 

they found that right visual field performance was superior to left 

visual field. This difference in left and right visual field performance 

was found to be greater in adults than in children. This contradicts 

the current findings of left field superiority. However, in Morrison et 

al. (1974), the items were presented in a circular array. A clockwise 

scanning strategy, beginning in the right side and ending in the left 
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side, may explain Morrison et al.'s (1974) fmdings. When items are 

presented in a row, subjects may use a left to right scanning strategy 

because of experience reading from left to right. Regardless of 

strategy, it seems apparent that with age, individuals use a more 

systematic order of transfer from iconic to short-term memory and 

are thus able to transfer more information in a given amount of time. 

Throughout the present study, reading ability did not interact 

with age. At all age groups, below average readers recalled fewer 

items than above average readers. The increase in recall with age 

was at about the same rate for both below and above average 

readers. Since few studies have examined both reading ability and 

age, it is difficult to compare how this finding relates to other 

findings. One possible explanation for the current finding is the use 

of a cross sectional design. Factors that influenced reading ability at 

one age may have been different from factors that influenced 

reading ability at another age. It may be that had a longitudinal 

design been used, the below average readers in the young aged 

category would have eventually caught up to the above average 

readers in the older categories. Similarly, the below average readers 

In the young aged category may have worsened as they got older, 

causing the discrepancy between reading groups to Increase with 

age. An alternative explanation is that poor and normal readers' 

memory capacity develops at about the same rate through out 

development and that poor readers do not develop adequate 

compensation mechanisms with age. 
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In summary, the above fmdings Indicate that recall differences 

between poor and normal readers exist for verbal material but not 

for nonverbal and that poor readers are often able to perform like 

normal readers when given more time. In addition, there Is an age 

related Increase In recall for both verbal and nonverbal material. 

This Indicates that something other than phonological processing Is 

affecting recall In younger children (l.e., cognitive scanning strategy, 

visual encoding, maintenance strategies, or a limited capacity 

system). Recall Improved for all the groups when short-term 

memory processing demands were decreased, such as when words 

were recalled, fewer Items were recalled, or with longer exposure 

durations. However, It appears that older subjects had 

proportionately greater increases in recall when short-term memory 

demands were reduced because they were able to more efficiently 

transfer, encode, and maintain material in short-term memory. 

Taken together, the results suggest that differences between poor 

and normal readers are due to poor readers' difficulty processing 

phonological Information In short-term memory and transferring 

phonological information Into short-term memory. Given more time, 

poor readers are often able to perform like normal readers. 

The present study was able to clarify what types of memory 

processing changes occur with age In poor and normal readers. In 

addition, this study examined both short-term and Iconic memory 

operations so that the effects of short-term memory could be taken 

into account. Moreover, the present study controlled for the effects 

of short-term memory by using a mask to terminate the Iconic 
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memory trace. In this way, trace duration was held constant for all 

subjects. 

One flaw of the present study was that It did not explore Iconic 

trace duration. Because the Iconic trace has been found to be related 

to reading, future research Is needed to explore the nature of the 

memory trace In poor and normal readers throughout development. 

Another short-coming of this study was the use of a cross sectional 

design. Future research Is needed exploring memory functioning 

across development using a longitudinal design. This would enable 

researchers to t)etter determine the course of development for poor 

and normal readers and to explore other factors that affect reading 

ability. Similarly, the present study did not use reading disabled 

subjects. Future research Is needed comparing poor readers to 

reading disabled readers to see If memory operates In the same 

manner In both populations. There Is also a need for more research 

that examines phonological development In good and poor readers at 

different ages. Specifically, research looking Into visual and auditory 

memory and modes of communicating responses Is needed to 

examine exactly where the deficits In phonological processing lay. 

This would enable educators to use modalities (l.e., visual or 

auditory) In teaching that minimize the effects of the deficits found 

In poor readers. 

The current research suggests that poor readers have deficits In 

phonological coding. Because of this, educators need to be aware of 

phonological processing deficits In the pre-school and kindergarten 

ages. This would enable early intervention that targets phonemic 
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skill so that latter learning problems can be minimized. In addition, 

current research suggest that when working with poor readers, 

educators need to focus on Improving phonological skills in order to 

minimize the gaps In functioning between poor and normal readers. 

The whole-word and semantic approach to reading do not 

compensate for or eliminate the deficits evidenced by poor readers. 

This research also suggests that patience Is needed when working 

with poor readers so that they may be allowed the extra time to 

comprehend new material and so that they learn to be patient with 

themselves. 
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APPENDIX A 

EXTENDED LITERATURE REVIEW 

The Studv of Reading Diffirnlty 

Theories of reading difficulty have tended to emphasize a 

dysfunction In perceptual processes (Vellutino, 1979). Etiological 

theories have attributed reading problems to delayed lateral 

dominance, a dysfunction in visual spatial processing, problems in 

visual memory and perception, a dysfunction In verbal processing, 

visual-verbal Integration problems, inadequate development of the 

organization of sensory systems, and a dysfunction in visual analysis 

and Integration (Bakker, 1970; Bender, 1956,1957; Birch, 1962; 

Elkonln, 1973; Hermann, 1959; Orton, 1925,1937; Rablnovltch, 

1959). These explanations of reading deficits emphasize deficiencies 

In visual perception, memory. Inter-sensory Integration, and verbal 

processing (Vellutino, 1979), and seem to Infer a basic deficiency In 

forming a reliable sensory Image. This Inference Implicates a 

dysfunction at the first stage of processing as well as at higher levels 

of cognitive functioning (Vellutino, 1979). Unfortunately, these 

explanations fall to have the characteristics of a detailed, well 

integrated, and productive theory of reading. 

A persistent problem in assessing reading difficulty has been 

devising experimental procedures that separate perception from 

memory (Morrison, Giordani, & Nagy, 1977). Most studies that have 

examined perceptual deficits In poor readers have confounded 

perceptual functions with the initial stage of visual processing and 
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higher order cognitive functions. For example, several Investigations 

of form perception failed to control for memory functions that 

Infiuence response variables (Curry, Ross, & Calfee, 1973; Coins, 

1958; Smith, 1928). Similarly, studies on the Initial stages of 

processing have confounded Iconic Information with short-term 

memory making it difficult to determine where the deficits lay 

(Alwitt, 1963; Morrison et al., 1977). Moreover, few Investigators 

have looked at how the Initial stages of processing Interacts with 

other variables related to reading problems, such as orthographic 

Imowledge, phonemic similarity, and visual similarity. This Is 

Important, because orthographic, phonemic, and verbal processing 

deficits found In problem readers may Interact with and contribute 

to memory deficits. Because all of these skills are necessary for 

reading, an understanding of how orthographic and phonological 

knowledge affect memory functioning would allow for a better 

conceptualization of reading problems and their development. 

The Shlffrin-Atklnson Model of Memorv 

The Shlffrin-Atklnson model provides a tangible model for 

understanding how Information Is processed and transformed In 

cognition (Neisser, 1966). It allows for the separate examination of 

the various cognitive processes In memory. According to this 

perspective, the processing of visual Information to be stored in 

memory occurs In stages. Controversy exists, however, as to the 

nature of the Initial stage of visual processing. Investigators agree 

that some form of a visual trace exists but do not agree on how many 
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or what types of processes are Involved (Bowling & Lovegrove, 1982; 

Coltheart, 1980; Holding, 1975; Long, 1980). This Initial stage of 

processmg has been referred to as "visual persistence," "short-term 

visual storage," and "Iconic memory" (Long & McCarthy, 1982). Since 

the term Iconic memory has been most widely used, for the purposes 

of the present study, the visual trace will be referred to as iconic 

memory. 

According to Sperling (1960,1963), during the first stage of 

processing, a brief visual display is retained immediately after Its 

offset In a high capacity, fast decaying, uncoded, visual memory, 

which Neisser (1966) termed Iconic memory. Support for Iconic 

memory comes from studies which show that there Is a decline In the 

number of Items correctly reported by subjects during the first few 

hundred milliseconds following a brief exposure (Averbach & Coriell, 

1961; Sperling, 1960). This suggests that more information Is 

available than can be reported later. In addition, Eriksen and Collins 

(1967) have found that when two random dot patterns are presented 

sequentially In time, subjects temporally Integrate the two dot 

patterns and perceive a nonsense syllable over intervals as long as 

100 msec., demonstrating that the initial dot pattem was held in 

iconic memory. Studies such as these Indicate that there Is an Initial 

stage of processing in which a virtually unlimited amount of sensory 

Information may be briefly held for further encoding and transfer 

Into short-term memory. 

Researchers argue that the function of Iconic memory Is to 

maintain an Intemal representation of the physical features of a 
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sthnulus (Dick, 1974). In the natural environment, however, the 

duration of the stimulus is seldom restricted. It has been found that 

the physical presence of the stimulus is redundant, and the Icon Is 

used for identification cmd form perception; two processes necessary 

for reading (Dick, 1974). Specifically, studies have demonstt-ated 

that the Icon Is protected during and after an eye movement such 

that subsequent stimulus are suppressed (Davidson, Fox, & Dick, 

1973; Matm, Clymer, & Matin, 1972). This suggests that the Iconic 

representation Is used to maintain an Intemal representation of the 

stimulus rather than relying on the actual stimulus itself. This 

representation is protected from masking effects of new visual 

information so that processing may proceed. 

The second stage of processing occurs In short-term memory. 

Short-term working memory Is a limited capacity storage system 

that maintains an encoded version of stimuli and retrieves 

Information about cognitive operations from long-term memory 

(Siegel & Linder, 1984). It relies on recoding and rehearsal processes 

for Immediate recall and permanent storage (Vellutino, 1979). Once 

In short-term memory, stimuli are either lost or categorized, and 

transformed into an abstract representation that can be held in long-

term memory (Vellutino, 1987). 

In order for Information to enter short-term memory. It must 

first be recorded In Iconic memory. Ewert and Janzen (1978) found 

that younger subjects demonstrated differences on an Iconic memory 

task, but all performed poorly on a short-term memory task. This 
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suggests that the development of Iconic memory Is essential to the 

development of short-term memory. 

The final stage of processing Is long-term memory. Long-term 

memory has been conceptualized as an unlimited capacity system 

that holds information for an indefmlte period of time (Vellutino, 

1979). It contains knowledge that facilitates the rapid and automatic 

comprehension of Information entering the senses so that Incoming 

information can be recognized, categorized, and integrated. 

The levels of memory processing Influence each other so that a 

deficit in one area of memory effects other areas. Because of this 

Interaction, It Is difficult to measure the content of each level of 

memory processing directly. Short-term memory processing Is 

always involved in report and this makes It difficult to separate 

long-term and iconic memory form short-term memory. The content 

of long-term memory must be Inferred from performance on either 

Iconic or short-term memory tasks. By varying the stimulus Input, It 

Is possible to examine if the content of long-term memory 

contributes to Iconic or short-term memory processing and what 

domain of knowledge In long-term memory Is deficient. Similarly, 

by controlling for short-term memory, one Is able to observe 

whether Iconic processing or Iconic transfer contribute to short-term 

memory deficits In poor readers. 

Mpmorv and Reading 

Reading, as It relates to memory, has been broken down into 

three stages (Riding & Pugh, 1977). These Include: (1) the 
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registration of written symbols in Iconic memory, (2) the analysis In 

short-term memory of the meaning of words and sentences, and (3) 

the long-term storage of the meaning of the sentences. During 

reading, images of words must be retained long enough for their 

features to be transferred into short-term memory for meaning 

analysis. 

Studies have found that most of the visual Information necessary 

for reading may be acquired during the first 50 msec, of an eye 

fixation (Rayner, Inhoff, Morrison, Slowiaczek, & Bertera, 1981). This 

Is the time when Iconic processing Is occurring. Readers must rapidly 

encode the Information presented In a given fixation before the 

memory trace Is lost. Reading will be Impaired If the memory trace 

decays too quickly or persists too long. If the memory trace decays 

too quickly, the reader will have to fixate on each word for a greater 

amount of time, and If the memory trace persists too long, then the 

Image of a previously fixated word will mask the following word 

(Riding & Pugh, 1977). For example. Riding and Pugh (1977) found 

that nine-year-olds whose memory trace persisted only moderately 

were In the highest reading level as compared to children who had 

long lasting or quickly fading memory traces. It would seem that 

these children with fast fading or long lasting memory traces would 

require longer fixations in order to encode visual information. This Is 

the case for poor readers. Poor readers make more eye fixations 

with many regressions and have longer fixations than the normal 

reader (Just & Carpenter, 1987). This suggests that poor readers 

may have a deficient Iconic memory trace. 
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In addition to Iconic memory, short-term and long term memory 

are also essential to reading. During reading, short-term memory 

retrieves Information from long-term memory about orthographic, 

graphic, phonologic, syntactic, and semantic rules (Just & Carpenter, 

1987). Short-term memory also works to store words, phrases, or 

sentences, while comprehension processes operate on the words to 

integrate them into a meaningful conceptual structure (Vellutino, 

1979). If the language related representations in long-term 

memory are weak, earlier stages of processing will be lacldng 

knowledge that Is necessary for successful reading. Similarly, if 

short-term memory Is deficient, the text will not be Integrated and 

understood. 

Studies have found that If the Information normally carried in 

short-term memory during reading is eliminated by Inserting a 

distracter task after each sentence, reading time Is slowed (Fischer & 

Glazer, 1986; Glazer, Dorfman, & Kaplan, 1981). Likewise, If the text 

Is arranged so that other clauses or sentences Intervene between the 

clause or sentence containing a reference and the clause containing 

Its referent, reading Is slowed (Just & Carpenter, 1987). Short-term 

memory is important to reading, because it holds Information from 

preceding sentences so that the passage Is understood. In this way, 

short-term memory enables larger units of text to be comprehended 

and stored In long-term memory (Siegel & Ryan, 1989). 
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Phonological Processes In Short-term Memorv 

There Is evidence that for reading purposes the most stable short-

term memory code is a phonetic code. Conrad (1964) found that 

when subjects error In the recall of visually presented letters, they 

tend to replace letters with letters that are acoustically similar to the 

correct ones. In addition, recall errors were found to be similar to 

errors In hearing that occur when a partially masked signal Is used. 

This suggests that the verbal material In Iconic storage Is 

transformed from a visual to an auditory code when It Is stored In 

short-term memory. If errors were visually similar to the correct 

letters, then this would suggest that letters were stored visually 

rather than verbally. 

When an Item cannot be recalled, the probability of other items in 

the set being given as a response Is dependent upon how similar the 

Items In the response set are In memory. If the Items to be 

remembered have a high degree of phonemic similarity, they are 

more difficult to rememljer. Thus, memory for visual symbols 

representing words Is mediated by the phonological properties of 

those words (Vellutino, 1987). 

When words rhyme, the internal phonological representation are 

not distinct, and the words can be confused more easily than when 

they do not rhyme. In tasks involving short-term memory, young 

poor readers have been found to be less sensitive to phonemic 

similarity than normal readers (Das, Mulcahy, & Will, 1982). 

Shankweiler, Uberman, and Mark (1982) found that young poor 

readers demonstrated no differences in the recall of rhyming and 
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nonrhyming letters, while good readers had more difficulty recalling 

rhyming letters than nonrhyming letters. This suggests that young 

poor readers had weaker phonological representations of the letters 

than good readers so that rhyming letters did not Interfere with 

recall. 

Older children and adults with a reading deficit have 

demonstrated the rhyme effect. This Indicates that phonological 

representations do develop In poor readers but are not as strongly 

represented In long-term memory and develop at a slower pace than 

In normal readers (Johnston, 1982; Siegel & Under, 1984). Given 

the results of these studies. It would be expected that older, normal 

readers would have different rates of phonological substitution 

errors than poor readers and younger readers, because older, normal 

readers' phonological representations are more distinct. 

Phonological representations of visually presented verbal 

material serve as an association in memory and are an aid to 

memory. Without previous associations, recall Is made difficult. For 

example, when complex symbols, lack linguistic associations to them, 

the recall and integration of those symbols Is more difficult. One 

study found that children with and without reading deficits printed 

Hebrew words equally well, but children learning Hebrew performed 

better than the other two groups. Both the poor and normal readers 

lacked a linguistic association for the Hebrew symbols, while the 

group leamlng Hebrew had meanings associated with the symbols In 

memory (Vellutino, 1987). A phonological representation for written 

95 



symbols In long-term memory aids In the printing and memory of 
those symbols. 

In an error analysis of a recall task, both poor and normal readers 

were found to use phonological coding strategies, but poor readers 

were less accurate than good readers. Poor readers had difficulty 

retaining correct combinations of phonological segments such that 

errors of poor readers consisted of recombinations of phonological 

components that were presented during the Initial sequence (Brady, 

1991). Similarly, In a study by Brady, Mann, and Schmidt (1987) 

poor readers recalled less information than good readers when 

shown nonsense syllables. Both poor and normal readers were 

influenced by the adjacency and phonetic similarity of Items In the 

string being recalled. This Indicates that both groups employ the 

same memory encoding strategy. However, poor readers are less 

effective than good readers, causing them to make more errors. 

Developmental Increases In memory span may also be linked to 

efficiency of phonological processing. Short-term memory span Is 

positively related to age (Ewert & Janzen, 1978). Moreover, In adults 

and children, there is a significant positive correlation between how 

fast one can speak and how much Is recalled on short-term memory 

tasks. As naming time and the number of errors decreases, verbal 

short-term memory performance Increases (Brady, 1991; Case, 

Kurland, & Goldberg, 1982). When adults were asked to count in an 

unfamiliar language, the speed of counting for adults was equal to 

the rate of six-year-old children, and their memory span dropped 

(Case et al., 1982). There is no relation, however, between nonverbal 
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memory processing and phonological processing (Brady, 1991). As a 

child matures, basic encoding and retrieval operations In short-term 

memory become more efficient, resulting in more storage space. 

The use of a phonetic code in short-term memory appears to 

develop more slowly In poor readers than In normally achieving 

Individuals. Poor readers have weak phonological associations to 

letters and words In long-term memory, which leads to problems 

learning sounds and names of words as whole entitles. Words are 

stored without complex phonological codes, thus causing difficulty in 

tasks that require phonological processing. More cognitive resources 

are used, because extra resources are needed for phonological 

processing. 

Language Deficits Associated with Reading Abllltv 

Several language skills are necessary for reading. Language 

deficits may Interfere with reading by causing deficits associated 

with a particular reading skill and by taxing cognitive resources, 

leaving few resources remaining for memory. Because memory 

functions are vital to reading, any language deficit that contributes to 

memory impairment also Interferes with reading. 

Leamlng to read requires that children leam to break the letter 

pattem to sound code, however, various skills are critical for this 

development. These Include phonological coding, which is 

representing and accessing sounds of words, phonemic segmentation, 

breaking words up Into component sounds, and phoneme awareness, 

consciously identifying and manipulating Individual phonemes in 
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words (Torgesen, 1991). Research has demonstrated tiiat children 

trained to Identify phonemes are better able to Identify printed 

words than children not trained to identify phonemes (Vellutino, 

1987). In a study of phonemic segmentation. Fox and Routh (1980, 

1983) asked children in the first grade to say "a little piece" of one 

word. Average readers performed at the ceiling on the task and 

were able to separate words into phonemes, while poor readers could 

hardly separate any of the words. Three years later, all of the 

children were able to segment phonemes, however, those who failed 

the task in the first grade suffered from severe reading disabilities. 

Similarly, another study found that children who could segment 

words into syllables could leam to read better than children who 

could not segment words into syllables (Vellutino, 1987). Difficulty 

becoming aware of phonemes as segments of words may be a result 

of weak phonological representations In long-term memory. This In 

turn may lead to a delay in developing the spelling to sound linkages 

that are necessary for decoding words on a phonological basis and 

thus cause reading problems. 

Phonological deficits in poor readers are also manifested In the 

ability to accurately and rapidly access the lexicon via a phonological 

code (Jorm & Share, 1983). For example, severely disabled readers 

were found to be slower at naming lists of various stimuli types such 

as letters, numbers, words, colors, and pictures (Blackman, 1984; 

Denckla & Rudel, 1976; Vellutino, 1987). When naming a sequence 

of Items, the subject must be able to produce a phonological 

representation of an Item and report It while preparing to encode 
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and name the next item (Samuels, 1987). As a result of weak 

phonological representation In long-term memory, extra cognitive 

resources are used up during lexical access leaving few remaining for 

the maintenance and Identification of Items tiiat follow. This makes 

sequential naming difficult. 

Decoding ability is also associated with reading ability. In fact, 

the speed and accuracy with which pseudo-words are decoded is one 

of the tasks that most clearly differentiates poor and normal readers 

(Kochnower, Richardson, & DlBenedetto, 1983). The abUlty to decode 

words Is associated with having knowledge of the spelling to sound 

correspondence mles of a language. Poor readers have been found to 

be worse at leamlng to use letter sounds to decode pseudo-words 

and unfamiliar words than normal readers (Kochnower, Richardson, 

& DlBenedetto, 1983; SnowUng, 1981; Vellutino, 1987). Since poor 

readers have poor knowledge of spelling sound correspondence, they 

rely more on context to recognize words and less on decoding words. 

Decoding ability is necessary for word recognition and word 

pronunciation. Word recognition Involves finding phonological and 

semantic representations of words rather than a purely visual 

representation so that the meaning Is attained. Because poor readers 

have problems in decoding words, they also exhibit deficits In word 

recognition and word pronunciation. Problems In word recognition 

and word pronunciation compound the difficulty In reading and 

verbal memory for poor readers. For example, Bruck (1990) found 

that adult poor readers made more pronunciation errors on pseudo-

word than on words, while normal adult readers did not differ on 

99 



stimulus type. Adult poor readers performed worse tiian normal 

adults and the same as sbcth graders when reading words but 

performed worse tiian both normal adults and sbcth graders when 

reading pseudo-words. Overall, poor readers read more slowly and 

were slower at word recognition than both the normal adults and the 

sbcth graders. Because poor readers are slower at recognizing and 

decoding words and have a limited sight vocabulary, they rely more 

on context to gain information about the word's Identity than on 

actually identifying the word itself. Thus, the poor reader's limited 

ability to segment words Into phonemes leads to difficulty In 

decoding unfamiliar words, problems In word recognition and 

pronunciation, and a restricted sight vocabulary. 

Phonological, word recognition, and decoding deficits place 

demands on the pcxDr reader's memory that do not exist for the 

normal reader. Phonological and semantic representations of words 

are an aid to their memory. Because poor readers will often fall to 

attain both a phonological and semantic representation of words, 

memory resources are taxed. Similarly, since poor readers have 

problems in decoding and recognizing unfamiliar and irregular 

words, extra cognitive resources are used for decoding and word 

recognition that could be used for memory functions. These 

problems create a situation that makes decoding and comprehension 

difficult. The general language comprehension problems are likely to 

interact with deficiencies In memory. The result is a child who, 

across several functional domains. Is unequipped to deal with the 

task requirements of reading at an advanced level. 
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It seems that reading development follows a different sequence 

of events in poor and normal readers. Normal development In 

reading may be characterized by an increase In grapheme-phoneme 

decoding abUlty and In the size of sight vocabulary. Development of 

reading In poor readers Is primarily due to Increases In sight 

vocabulary of frequently encountered words. In contrast to normal 

readers, grapheme-phoneme decoding skills are delayed in poor 

readers. When encountering an infrequent word, p(X)r readers rely 

on spelling sound information and context for word recognition, 

while skilled readers are able to use direct access in word recognition 

(Just & Carpenter, 1990). 

Resource Capacltv In Memory 

It appears that there Is a capacity limitation on short-term 

memory, but people become more efficient with experience so that 

fewer capacity resources are used. However, when cognitive 

demands are high, fewer resources remain for memory. For 

example, studies have found that when encoding Is made more 

difficult by Increasing the perceptual demands, short-term recall 

decreases. In one study, adult subjects listened to digits with noise 

and digits without noise. Noise did not decrease the recall of 

individual digits, but did reduce recall of the list of digits as 

compared to the no noise condition (Brady, 1991). Similarly, subjects 

had poorer recall of lists of synthetically spoken items and items 

spoken In a dialect than of naturally spoken Items (Brady, 1991). 
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Thus, when processing demands are made more difficult, fewer 

cognitive resources remain for memory, and recall decreases. 

Several variables Infiuence the amount of resources remaining 

for short-term memory. These include the efficiency of reading 

prcxresses used to understand and evaluate sentences in memory, 

speech coding processes, word familiarity, and word recognition 

(Dixon, LeFevre, & Twilley, 1988). Because fluent readers utilize 

fewer resources than poor readers for many of the tasks involved in 

reading, they have more resources available for other tasks. For 

example, fluent readers are able to recognize words automatically, 

whereas poor readers recognize words letter by letter. Holistic 

recognition of words places less demand on memory and attention, 

and results in more rapid comprehension (Samuels, 1987). Similarly, 

readers who are more familiar with words have less difficulty 

manipulating and retaining words In memory (Watkins, 1977). Thus, 

poor readers have more difficulty memorizing words than normals 

and require more time for word recognition because of their letter 

by letter strategy for word recognition and weak phonological 

representations. 

Iconic Memorv 
Iconic memory has been Implicated In several of the theories of 

reading difficulty. However, because iconic and short-term memory 

interact. It Is difficult to separate Iconic from short-term memory. In 

order to report items from iconic memory, subjects must be able to 

recode them Into short-term memory. This recoding capacity may be 
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conceptualized as transfer capacity, tiie amount of Information that 

can be transferred from the rapidly decaying iconic trace Into short-

term verbal storage (Ewert & Janzen, 1978). The link between iconic 

memory and report Is Indirect (Coltiieart, Lea, & Thompson, 1974). 

Reports of the contents of visual displays are from short-term 

memory, because iconic memory has decayed even before the first 

item is reported. Without controlling for short-term memory, any 

differences found between poor and normal readers could be due to 

either short-term memory differences or actual differences In Iconic 

memory. 

The partial report task is useful In exploring iconic memory. It is 

a sampling technique that provides the subject with a cue to report 

only part of a large display after the offset of that display (Bums, 

1987). The cue has an indirect Infiuence on Iconic memory by 

focusing attention to one part of the stimulus array and determining 

the serial order of transfer Into short-term memory. In addition, the 

cue reduces the effective display size so that uncued portions of the 

display may be ignored (Prinzmetal, Presti, & Posner, 1986). With an 

immediate cue, the accuracy of report Is high, and as the cue is 

delayed, accuracy declines. The asymptote of the delay curve occurs 

between 250 and 1,000 msec, after termination of the target 

stimulus (Dick, 1974). When the cue is delayed, subjects must switch 

the order of transfer of items from Iconic to short-term memory once 

transfer has already begun, and this also requires processing time. 

In delaying the cue, one delays the Instructions of what to report. 

The above average of performance at short cue delays Indicates a 
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virtually unlimited memory span, suggesting that more Information 

can be stored hi Iconic memory than can be reported from short-

term memory. 

The partial report technique samples from the Information 

available In Iconic memory. In free recall, performance is limited by 

short-term memory and the subject's ablhty to transfer material 

from iconic storage Into a more permanent form. More Information 

may be available In Iconic memory than can be reported from short-

term memory. The role of short-term memory In reporting Items 

from Iconic memory varies as a function of processing demands. 

When a single response versus a sequence of responses is required, 

fewer demands are placed on short-term memory and transfer (Dick, 

1974). With fewer processing demands, short-term memory 

limitations will play less of a role in iconic report. By varying the 

number of Items reported. It Is possible to study Iconic performance 

of poor and normal readers under different processing demand 

conditions to see If performance Increases when short-term memory 

demands are minimal. This allows one to determine whether iconic 

or short-term memory Is contributing to memory Impairment In poor 

readers. 
In transferring Items from Iconic to short-term memory, some 

dimensions of the physical stimulus may be more easily lost than 

others. Mewhort (1967) presented two rows of letters and varied 

familiarity. There was not an Interaction between familiarity and 

cue delay, indlcathig that familiarity does not affect rate of iconic 

decay. This fmdlng leads to the Implication that Iconic trace 
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persistence Is Independent of meaning or familiarity of the stimulus. 

This means that performance differences with familiar and 

unfamiliar items may be due to the way famlhar Items are 

transferred out of Iconic memory Into short-term memory or the 

way familiar material Is maintained and encoded In short-term 

memory. 

Researchers have found that familiar Items are transferred to 

short-term memory more rapidly than unfamiliar (Mewhort, 

Merikle, & Bryden, 1969). When short exposure durations were 

used, accuracy of reporting unfamiliar geometric forms was lower 

than geometric forms, which was In tum lower than that of letters 

and numbers. This difference Is attributed to the easier encoding of 

familiar material. However, when the items were presented for 100 

msec, and the cue was delayed for 50 msec, familiarity effects were 

not found (Dick & Loader, 1974; Morrison, Holmes, & Haith, 1974). 

This suggests that Initially the amount of Information available was 

not effected by familiarity. Only after maintenance and encoding 

strategies could be used, did familiarity have an effect. 

Mewhort (1972) found that familiar material required more 

capacity Immediately after presentation than unfamiliar material. 

However, after one second familiar material required less capacity 

than unfamiliar. Familiar Items Initially take up more space in short-

term memory than unfamiliar Items, because they are transferred to 

short-term memory first. Later, familiar Items take up less 

processing capacity In short-term memory, because they can be 

chunked or reccxied to occupy less space than unfamiliar Items. 
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More famlhar items are more strongly represented In memory and 

are thus easier to transfer mto and retrieve from short-term 

memory than less familiar items. Shice the effect of short-term 

memory on an iconic memory task depends on how fast the material 

can be read out of Iconic memory and poor readers are less famlhar 

with phonological and orthographic information than normal readers, 

p(X)r readers should have more difficulty transferring verbal 

Information from Iconic to short-term memory. This would explain 

the longer fixation time poor readers require during readuig. 

With regards to stimulus duration, one would expect both poor 

and normal readers to benefit from longer exposure periods. Studies 

Investigating the effects of stimulus duration on Iconic memory, 

however, have yielded mixed results. Some investigations have 

found that recall did not increase with exposure duration, while 

others have found that it did (Haber & Standing, 1969; Sperlmg, 

1960; Irwin & Yeoman, 1986). The effect of stimulus duration on 

accuracy of report Is still uncertain. It may be that the effect of 

duration Is dependent on maintenance and encoding strategies used 

during the exposure period. Since normal readers are more famiUar 

with phonological and orthographic information than p(X)r readers, 

normal readers may be able to enccxie more verbal information in a 

given exposure perlcxi than poor readers. One would not expect to 

find these performance differences using nonverbal hiformation. 
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Iconic Memorv and Age 

Studies done on Iconic processing In children have yielded 

consistent findings. The number of Items recalled on an Iconic 

memory task increases with age and decreases as the partial report 

cue is delayed (Morrison, 1971; Morrison etal., 1974; Sheingold, 

1971,1973). When the cue was delayed 50 msec., five-year-olds 

performed as well as adults. Five-year-olds were less accurate at 

zero delay than at 50 msec, delay. This is the time at which the 

stimuli and the cue must be processed simultaneously. It may be 

that the five-year-olds had difficulty processing the cue and the 

array at the same time. One study reported that with Increasing cue 

delays, five-year-olds and adults dropped in accuracy at the same 

rate out to 150 msec. (Sheingold, 1971), while another reported that 

the drop in performance was much steeper for the five-year-olds 

than for the eight-year-olds and adults (Morrison et aL, 1974). At 

1000 msec, cue delay, the five- and eight-year-olds decreased m 

accuracy and the eleven-year-olds and adults improved. Eleven-

year-olds and adults were able to rehearse the items to maintain 

them in memory at longer cue delays, whereas five and eight-year-

olds were not (Morrison, 1971). None of the studies reviewed used a 

mask to terminate the afterimage so the findings may have been due 

to differences In using short-term memory maintenance strategies. 

In addition, none controlled for the effects of higher level prcxresslng 

on Iconic report Thus, differences between groups may have had 

more to do with short-term memory than Iconic processing. 
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The results ft-om these studies suggest tiiat there are no age 

differences In the amount of Information that Initially enters tiie 

visual system. All age subjects were initially able to store virtually 

all of the visual input. Thus, performance differences at other 

Intervals cannot be attributed to the amount of mformation Initially 

available. Differences In recall between children and adults must be 

due to higher level processing differences. When the cue Is delayed, 

performance drops In all age groups, because at longer delay 

Interval, the order of transfer ft-om Iconic memory to short-term 

memory must be switched after transfer has already begun and the 

icon has started to decay. Changing the order of transfer requires 

extra processing time. At later cue delay Intervals, the age 

differences In performance may be due to the five-year-olds' 

inability to effectively scan the array before the cue Is presented. In 

the five-year-olds, the information may not be encoded and 

maintained long enough for the order of transfer from Iconic to 

short-term memory to be switched. At 1000 msec, delay, the older 

two groups probably employed some form of rehearsal of the Items, 

while the younger two groups did not. It may be that adults have 

greater verbal labehng skill which serves as a mediator for memory. 

Age differences found during the zero delay condition may be due 

to the five-year-olds' uiablUty to process the array and the cue 

sunultaneously, or an hiabllity to focus attention hnmedlately on the 

target. Younger children may not know what strategies to use to 

make a simultaneous hiput task manageable or which portion of the 

stimulus to give attention to. One study found that when geometric 
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forms were presented for 150 msec, to children and adults, adults 

accurately reported an hicreaslng number of Items as the number of 

Items presented hicreased, and children accurately reported only 1.6 

items whether 2, 3, or 4 items were presented (Ewert & Janzen, 

1978; Haith, Morrison, Shemgold,& Mindes, 1971). In another 

study, five-year-olds, ten-year-olds, and adults were presented eight 

horizontal bars and one vertical bar in a matrix and asked to search 

the array to find the position of the vertical bar (Haith, 1971). Five-

year-olds were much slower at locating the vertical bar than ten-

year-olds and adults, while the latter two groups were identical. 

Five-year-olds needed more time to process multiple items than the 

other two groups. It may be that older subjects are able to make use 

of effective mnemonic strategies to deal with high density stlmuU. 

In contrast. It seems that young children have difficulty with the 

recall of items, because they have not yet developed the ability to 

prcxress multiple items simultaneously. 

It may be that the difficulty young children have processing 

several item simultaneously has to do with the strategies they use to 

transfer items from Iconic to short-term memory. When processing 

several items at once, items InitlaUy registered in parallel are serially 

transferred hito short-term memory. The order of transfer is 

determined by the Individual's scanning strategy. 

Cognitive scannhig has been defhied as the distribution of 

selective attention (Schwantes, 1979). It might be directed to 

hiformation In a shigle channel such as when a cue Is used, or It 

might be dlstt-lbuted In a systematic way over the various segments 
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of the visual stimuh. In tiie latter situation, the du-ection of tiie 

scanning Is a function of prior experience In dealing with tiie stimuli 

(Harcum & Friedman, 1963). 

Young children seem to employ a nearly random transfer order 

from Iconic to short-term memory, while adults seem to use a left to 

right cognitive scannmg strategy. When tiiird graders, sbcth graders 

and adults were shown eight letter pseudo-words for 350 msec, and 

asked to recall one letter, the proportion of correct responses 

increased with age and decreased as a function of mcreased cue 

delay (Schwantes, 1979). Accuracy between the left and right visual 

fields was not different In the 50 msec, delay condition, but 

increased In the left visual field as delay increased. Moreover, the 

magnitude of these visual field differences Increased as a function of 

age. In the 450 msec, delay condition, adults were more accurate In 

the left than In the right visual field, suggesting left to right cognitive 

scanning as a means of stimulus maintenance. Older subjects' ability 

to recall more information than younger subjects at increased cue 

delay is likely due to older readers use of a systematic left to right 

scanning strategy to transfer Information from Iconic to short-term 

memory. Young subjects seem to employ a less efficient random 

order of transfer thus leading to fewer Items being transferred and 

recalled. Consistent with these results, Morrison et al. (1974) found 

that adults are more likely to replace a letter with one that is 

adjacent to it than eight-year-olds, who are more Ukely than five-

year-olds. The pattem of position and adjacency errors suggest that 

younger readers employ a less systematic cognitive scanning when 
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transferring Iconic visual feature components for higher level 

processmg. As a result, they are unable to transfer as much of the 

Initially registered Iconic hiformation hito a more permanent 

memory store and are less able to use effective rehearsal strategies. 

Iconic Memorv and Reading Ablhtv 

Iconic memory in adult poor readers has been studied less 

extensively than iconic memory In children. Since reading dlsablhty 

has been characterized as a dysfunction Involving a maturational 

delay In cognitive processing, one would expect poor readers to 

perform similarly to younger subjects on Iconic memory tasks. 

Investigations that have studied Iconic memory m p(X)r readers and 

normal subjects, however, have been inconclusive. While some 

report fmdhig differences l)etween the two groups others do not 

(Amett, 1977; Stanley & Hall, 1973). One possible explanation for 

these Inconsistent findhigs Is that the different experimental tasks 

used in these studies are not measuring the same cognitive process. 

Sunllarly, some of the measurement methods have been hidirect and 

unreliable, leading to a response bias. Lastly, the type of stimuli 

used such as letters, words or numbers may have effected the 

outcome. 
In order to study Iconic memory, Stanley and Hall (1973) 

presented two halves of a stimuli sequentially to poor and normal 

readers and found that tiie mean hiter-stimulus hiterval at which tiie 

two halves were perceived as separate was 30 to 50 msec, greater In 

the poor readers as compared to the normal readers. This hidlcates 
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tiiat poor readers have a longer trace duration than normal readers. 

When they Imposed a random dot pattem over a target stimulus at 

varying Intervals of delay between presentations of the target and 

the mask, poor readers needed a longer Inter-stlmulus Interval 

between the target letter and the mask to Identify the letters. The 

authors concluded that the rate of transfer from Iconic to short-term 

memory Is slower In p(X)r readers than In normal readers, and 

suggested that reading difficulty may be caused by visual 

Interference resulting from the overlap of old and new visual 

material. One problem with Stanley and Hall's methodology, 

however, is that the dependent measure of an Inter-stimulus interval 

depends on the subjective judgment of the subject. It may be that 

people with reading problems make conservative estimations due to 

their experience with letters and words rather than actually 

requiring more time. 

Other studies measuring Iconic memory In poor and normal 

readers have found no differences. In a follow-up study, Stanley and 

Malloy (1975) chose a different technique to measure Iconic memory; 

however, they did not resolve the response bias problem. They 

varied the rate of oscillation of a narrow silt In front of a picture of a 

common object and found no difference between poor and normal 

readers hi the speed of oscillation m which the whole object was 

perceived, thus suggesting memory traces of equal durations. Both 

studies discussed above involved the method of ascendhig hmits 

which leads to a response bias and unreliability. The subject's 

response Is a product of not only the Iconic representation, but also 
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tiie subject's response style. In addition, the two experimental task 

may place different demands on the subjects and tap into different 

skills. 

Stanley (1976) presented subjects with digits from zero to nme 

for 20 msec, followed by a mask presented for 20 msec, and varied 

the Interval between mask and stimulus. Poor readers recalled more 

digits accurately than normal readers. Stanley suggested that the 

unexpected results may have been due to poor readers storing the 

mformation visually rather than audltorally, thus having a longer 

visual trace. Another possible explanation is that digits rather than 

letters are somehow easier for the reading disabled subjects to store. 

Similarly, Fisher and Frankfurter (1977) presented two, four, or 

six upper case letters for 200 msec, followed by a visual mask and 

found that poor readers' performance on all dependent measures 

was better than that of gcx)d readers at all age levels. One possible 

explanation for this finding is that normal readers may have been 

more inclhied than poor readers to attend to a limited amount of 

information, using cognitive scanning strategies consistent with 

reading. In addition, poor readers may be more attuned to noticing 

individual letters, because of their lack of success in leamhig higher 

order orthographic units. The results may have been different if 

words were used or If a cue directing attention was used. Overall, 

the results discussed above do not support the Idea that poor readers 

have hmlted trace duration when compared to normal readers. 

Other hivestigatlons have studied Iconic processing hi poor and 

normal readers using the partial report samplmg technique. For 
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example, Alwitt (1963) presented two rows of four item digits for 

100 msec, under a precueing condition, an mimedlate cueing 

condition, and a 500 msec, delayed cuemg condition. All subjects 

performed better under the precuehig then under the post-cuelng 

condition. Normal readers recalled more digits than poor readers, 

but the difference between pre and post cueing was not 

proportionately greater for poor readers. The differences m recall 

hicreased with age. Alwitt concluded that the rate of decay of the 

memory trace does not occur more rapidly for poor readers than for 

normal readers. Possible interpretations of reader group differences 

Included attentional problems, limited capacity In short-term 

memory, and deficiencies In verbally enccxllng the stimuli for p(X)r 

readers. Age differences were attributed to Improved memory 

strategies In normal readers as a result of reading experience. One 

problem with this study Is that a wide range of ages were used and 

means were collapsed across age groups, thus age may have been a 

confounding variable. 

In another study conducted by Morrison et al. (1977), circular 

arrays of three sets of either eight letters, geometric forms, or 

abstract forms, were presented for 150 msec, to 12-year-old male 

subjects. The subjects were cued at varying delays as to which Item 

to report. Poor readers recalled fewer verbal and nonverbal items 

than normal readers when the cue was delayed for 300 msec, or 

more. It may have been that at longer delay mtervals poor readers 

failed to use efficient maintenance strategies. Similarly, poor readers 

may have had weaker Iconic hnages than good readers. Another 
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posslblhty is that the poor readers had an encoding, organization, or 

retrieval problem. Neither of the studies discussed above used a 

mask to terminate the afterimage so the findmgs may have been due 

to differences In using short-term memory maintenance strategies. 

In addition, neither controlled for the effects of higher level 

processing on iconic report. Thus, differences between groups may 

have had more to do with short-term memory than Iconic memory 

Itself. 

Reading Ability and Age In Short-term Memorv 

Studies have found that pcxjr readers display short-term memory 

deficits on taslcs where the stimuli are easily labeled. Pcx>r readers 

were found to recall fewer Items on a list than gocxi readers of the 

same chronological age (Brady, 1991). Memory performance has 

been shown to differentiate children Into leamlng ablUty groups 

(Swanson, Cochran, & Ewers, 1990). Memory m kindergarten was 

found to be significantly positively correlated with reading ability in 

first grade (Brady, 1991). Moreover, studies have found that 

children with a reading deficit perform conslstentiy worse on the 

memory span task than children without a readhig deficit (Torgesen, 

1991). Younger normally achieving children and children with 

reading problems had significantly smaller memory spans tiian older 

children, suggesting an age related growtii In memory ablUtles In 

botii poor and normal readers. Torgesen examhied the subjects nme 

years later and found that tiie poor readers who once had span 

difficulty but had improved, were readhig Uke the poor readers 
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wltiiout span difficulty. The subjects who did not Improve on span 

performance did not Improve In reading ablUty. The factors tiiat 

contributed to verbal memory also contributed to readhig abUlty. 

Thus, while short-term memory and reading ability are clearly 

related, how they are related requhes furtiier research. It may be 

that short-term memory deficits contribute to reading ability or that 

there are other variables that aid both memory and readhig. 

Differences hi memory between poor and normal readers 

disappear when the memory task uses nonverbal stimuh (Brady, 

1991; Fletcher, 1985). Poor readers with memory span problems 

did not perform worse than normal subjects when the memory task 

used nonverbal stimuh (Torgesen, 1991). Another study found that 

reading disabled showed retrieval problems on verbal tasks, while 

children with arithmetic problems showed storage and retrieval 

problems on nonverbal tasks. Children with both reading and 

arithmetic dlsablhty showed Impairments on verbal and nonverbal 

memory tasks (Fletcher, 1985; Siegel & Ryan, 1989). This suggests 

that memory problems in poor readers may have to do with the 

retrieval of verbal Information rather than difficulties with encoding 

verbal material as has been found in other studies (Cohen, 1982). 

Difficulty In the retrieval of verbal material would also account for 

problems that poor readers have In word recognition and naming 

Items. 

Poor readers appear to either have difficulty accessing verbal 

stimuh or have not developed efficient memory codes for familiar 

verbal stimuli. Reading deficits may be a symptom of a dysfunction 
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during the storage and retrieval of linguistic Information. Since poor 

readers have been shown to exhibit short-term memory deficits, any 

study of Iconic memory must account for the effects of short-term 

memory. In addition. It Is unclear as to how Iconic processing effects 

short-term recall. Research on Iconic memory wUl shed more hght 

on these Issues by addressing topics such as transfer Into short-term 

memory and the Interaction between Iconic and short-term memory. 
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APPENDIX B 

ABSTRACT FORMS 
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APPENDIX C 

INSTRUCTIONS 

I'm going to show you some letters or symbols (or drawings for 

children) real fast on the computer. Your job Is to tell me what 

letters you saw on the screen hi the order that they were on the 

screen so that I am putting them In the right place. Half of the time, 

you win try to remember ah of them and half of the time you will 

only try to remember a row of them. I will tell you how many to try 

and remember before they fiash. When you are to only remember a 

row, the computer will tell you which row to remember. After the 

letters fisish, one of the rows where some of the letters had been will 

have two bars on each side. The row that has the two bars on the 

sides Is the one you are to try and report. You can either tell me the 

letters that you saw so that I am putting them In the computer In the 

right location or you can point to the letters on this cardboard grid 

(pointing). Remember to try to say the letters m the order that they 

were in one the screen. The letters wlU flash so fast that It will be 

impossible to remember all of them. No one can remember all of 

them. When you want to start, say "ready" and stay focused on the 

square that pops up first. 
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APPENDIX D 

SIMILARITY CLASSIFICATIONS 

Phonetically Similar. 

Visually Similar: 

PBDV 

lEA 

KCQ. 

SCZ 

MN 

GJ 

OU 

GDCaO 

VUYX 

MNW 

ILT 

SZ 

PB 

FE 
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