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ABSTRACT 

The digit span test has long been used in the study and 

eValuation of memory processes in children. The study of 

memory processes in bilingual children has re,,:'eived only 

limi ted attention. The purpose of the present study was to 

examine the influences of bilingual interference, English 

proficiency, and item familiarity on a task of short-term 

memory. 

One-hundred nineteen third grade subjects were assigned 

to one of four groups based on their language background 

and ethnici ty. Subjects were administered the Digit Span 

subtest from the Wechsler Intelligence Scale for Children

Revised in English as well a"s a test of general ability, 

the Coloured Progressive Matrices, and a reaction time 

measure, item identification. The data were analyzed using 

ANOVA and multiple regression procedures. 

Results showed that Mexican-American bilingual subjects 

who were proficient in English performed comparably to 

monolingual l4exican-American subjects. These resul ts were 

discussed in terms of their support for the dual storage 

and independence positions of bilingual memory. Results of 

the data analysis also revealed a small but significant 
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direct causal link between English proficiency level and 

digit span. This finding was discussed in terms of its 

support for the use of digit span measures with bilingual 

Mexican-American children providing the students have been 

determined to be proficient in English on a standardized 

measure. A final finding of the present study concerned 

the absence of a role for item familiarity as an 

intervening variable between English proficiency level and 

digit span. Results showed a direct association between 

English proficiency level and reaction time, but no 

significant association between reaction time and digit 

span. 

Implications of the current findings were discussed 

in relation to relevant theory and prior research findings. 



CHAPTER 1 

INTRODUCTION 

The use of achievement and aptitude tests has a 

long history in the identification and treatment of 

learning problems in children. Today, tests playa 

critical role in the diagnosis and placement of school-aged 

children in special education programs. Tests of memory 

are used in the identification of mental retardation, 

learning disabilities, emotional problems, and a host of 

other handicapping conditions. Educational programs 

developed based on data from tests and other sources of 

information. Good test practice dictates that test 

instruments demonstrate validity for the population being 

served. 

A task that is often included in current tests 

involves the repetition of a series of digits by memory. 

The digit recall task has long been considered to 

accurately measure short-term memory (Wechsler, 1958). 

Failure to perform at an adequate level on these memory 

tasks has been associated with poor academic success 

(Torgesen & Goldman, 1977). In fact, teachers often refer 

students for evaluation when the students are observed to 



have difficulty remembering instructions or following 

directions. If diagnosed as demonstrating a short-term 

memory deficit, a child may become eligible for special 

education services in the learning disability category. 

Based on assessment data, an educational treatment program 

is then developed to provide academic assistance to the 

child. 

Students who fail to perform adequately on short

term memory tasks may do so for a variety of reasons (e. g . , 

use of rehearsal). Researchers have examined factors which 

account for a significant amount of individual variability 

on these tasks. The factors influencing short-term recall 

performance have been researched for various populations of 

children (e.g., retarded and learning disabled). The 

recall performance of Mexican-American bilingual students 

as a group, however, has not been systematically studied. 

It has been suggested that bilingual children 

perform less well on short-term memory tasks than 

monolingual students because they have had less opportunity 

to acquire linguistic knowledge (Magiste, 1980). They may 

lack the linguistic competence necessary for optimum 

performance on the memory task. Chi (1976) believes this 

lack of knowledge is a major barrier to short-term memory 

performance in younger chi ldren. She identified several 

ways in which a child I s long-term knowledge base might 



limit short-term memory: {al the child may have no prior 

experience with the information being presented, (b) the 

child may have only a limited degree of familiarity with 

the stimuli, and (cl the number of interassociations among 

presented information may be small. Though Chi was 

addressing age differences in her discussion of the effects 

of long-term knowledge on short-term memory performance, it 

seems apparent that her analysis is valid for bilingualism 

as welJ-. 

There is substantial theory and research available 

which can be applied to the study of bilingual short-term 

memory. For example, there are two positions concerning 

the manner in which bilingual individuals store short-term 

information. One group of investigators (e.g., Paivio & 

Desrochers, 1980) believes that the bilingual has two 

memory stores, one for each language. Another group of 

investigators (e.g., Lopez & Young, 19741 suggests that the 

two languages of the bilingual share a common memory store. 

Proponents of the dual store theory suggest that 

interlingual interference does not exist and that 

bilingualism per se does not adversely affect short-term 

memory performance. Supporters of a single memory 

position, on the other hand, argue that short-term memory 

performance in bilingual individuals is adversely affected 



by the interference created when the two linguistic systems 

operate from the same memory store. 

Researchers in the area of bilingualism (e.g., 

Durga, 1978; Magiste, 1979) have suggested that bilingual 

interference may cause lower memory scores for bilingual 

children. Their position is that the use of two languages 

slows down processing time and puts a greater demand on 

attention during short-term memory exercises. This view is 

supported by the finding that bilingual children identify 

linguistic stimuli at a slower rate than do monolinguals. 

The net result is decreased automaticity and a higher level 

of interference. For example, the bilingual Mexican-

American child who hears the digit "9" in English can code 

it as 1Tnine" or "nueve". It is this choice between 

linguistic codes which produces interference and reduces 

automaticity. 

Research conducted to date has provided insight 

into some of the factors which influence short-term 

audi tory memory. Research has also examined the 

relationship between automaticity and bilingual short-term 

memory performance. Magiste (1979) compared the response 

speeds of Swedish-German bil ingual subjects with the 

performance of German monolinguals on a picture naming 

task. Even though the bilingual group had been exposed to 

both languages since infancy, the monolingual group 



performed better on the task. In a subsequent study, 

M.!lgiste (1980) examined digit recall in bilingual Swedish

German and monolingual German students. The students were 

also required to read prose which contained 160 easily 

recognized words. The prose contained twelve numerical 

facts. Following reading of the prose, students were 

required to answer ten questions over what they had read. 

All questions could be answered with a numerical response. 

As expected, results showed that the monolingual students 

performed better on the digit recall than did the bilingual 

group. Monolinguals also answered more of the passage 

questions correctly. In both studies, Magiste concluded

that the inferior performance of bilingual individuals was 

the result of linguistic interference. 

With the exception of Magiste's work, little 

research has been completed on bilingual short-term memory. 

In addition, her research also has not demonstrated the 

relationship between automaticity and short-term memory 

performance across subjects of varying degrees of 

bilingualism. Moreover, there is no research that examines 

the effects of bilingualism on the short-term memory 

functioning of Mexican-American students in the United 

States. 

The purpose of the present study was to examine the 

appropriateness of the of digit recall tasks for 



assessing the short-term memory of Mexican-American 

bilingual students. Although existing research and theory 

on bilingualism and short-term memory would predict 

depressed short-term recall performance with Mexican

American bilingual students, no investigations have closely 

studied this possibility with students of varying degrees 

of bilingualism. In particular, the study examined the 

level of English proficiency necessary for the accurate 

measurement of short-term memory. The study attempted to 

determine the level of English proficiency at which the 

digit recall task might become a valid assessment tool for 

Mexican-American children. In addition, the study examined 

the relationship between number identification (response 

time) and the digit recall performance of Mexican-American 

children. 

Students of varying degrees of bilingualism were 

tested on their ability to recall digits and on their 

familiarity with digits. Student scores were adjusted for 

age and general intellectual functioning. Results of the 

study were used to provide evidence linking interlingual 

interference with depressed short-term auditory memory. 

Statement of the Problem 

Three questions were addressed in the present 

study. The first question involved the hypothesized role 

of bilingual interference on digit recall performance. 



Based on the review of the literature, it was hypothesized 

that bilingual subjects would tend to perform less well 

than monolingual subjects on digit recall tasks due to the 

influence of linguistic interference. The second research 

question involved the effects of English proficiency on 

digit recall performance. It was hypothesized that digit 

recall performance is positively associated with English 

proficiency. The third research question considered in the 

study involved the role of item familiarity as an 

intervening variable in short-term memory. It was 

hypothesized that performance on short-term auditory memory 

tasks is influenced by familiarity with the auditory 

stimulus. Subjects who are less familiar with numbers 

would be expected to perform less well on digit recall 

tasks than would subjects who are more familiar with 

numbers. 



CHAPTER 2 

REVIEW OF LITERATURE 

Bilingualism 

Assessment procedures used in the identification of 

handicapped bilingual children have increasingly become 

suspect. Courts have determined that many bilingual 

children have been misclassified as handicapped (Mowder, 

1979) and have mandated corrective action. Consequently, 

laws in all states dictate non-biased assessment. While 

authorities debate the presence of bias in standardized 

tests (Reynolds & Brown, 1984), practitioners continue to 

rely on standardized tests to diagnose learning problems in 

bilingual children. 

The incidence rate of bilingualism in the United 

States is high. Approximately nine percent of the 

population report their primary language to be other than 

English (Mowder, 1979). Spanish is second to English in 

prevalence. Twenty-one percent of those who report Spanish 

as their primary language are of school age. Because of 

the prevalence of bilingualism in American schools and the 

need for non-biased assessment approaches, it is essential 

that the cognitive functioning of bilingual children be 

understood. A variety of issues become evident when the 



cognitive processes of children who are bilingual are 

examined. Of particular interest is the study of short

term memory. 

Bilingualism and Short-Term Memory 

M.ggiste (1979) has suggested that considerable 

research in the area of memory storage and information 

processing in bilingual children is needed. As will be 

discussed in more detail later, there is a relationship 

between short-term memory deficits and school failure for 

children in general. This relationship undoubtedly exists 

for bilingual children as well. Magiste (1979) proposed 

that information on bilingual memory processes can be 

obtained by systematically comparing bilingual and 

monolingual performance on memory tasks. 

Research in the area of bilingualism is complicated 

by definitional disagreements. In 1933, Bloomfield (cited 

in Wagner, 1980) defined bilingualism as a native-like 

control over two languages. In contrast, Laosa (1975) 

recognized the occurrence of bilingualism as any use of a 

second language by a native speaker. In 1953, Weinreich 

(cited in Paivio & Desrochers, 1980) proposed a 

classification system for bilingual individuals. He 

identified compound bilingual individuals as having good 

control over their two languages, with both languages 

connected to a single conceptual system. Coordinate 
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bilinguals, in contrast, were described as being able to 

function independently in each of their two languages. 

Laosa (1975) listed several variables affecting the 

homogeneity of bilingual groups. These variables included 

duration of contact with the native language, language of 

instruction in the classroom, contact wi th the homeland and 

family members, and social pressures. Mowder (1979), 

writing on the heterogeneity of bilingual groups in the 

United States, addressed the concern that not all samples 

of bilingual subjects represent the same population. 

Bilingual Interference and Short-Term Memory 

A basic issue in the study of bilingualism concerns 

the affect acquisition of a second language may have on 

information processing in the first language. A related 

issue concerns the possible effects of bilingualism on 

memory skills. Researchers of bil ingual education and 

memory are divided on these issues (M.!!.giste, 1982). One 

group of investigators has advanced the position that the 

two languages of the bilingual develop independently. Word 

associations are believed to be formed independently in 

each language. This position is consistent with the 

theoretical assumption that the bilingual has two separate 

memory stores (Lopez & Young, 1974). The alternative 

position is that the two languages of the bilingual share a 

common memory store. Input is believed to be stored in the 
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form of language free concepts (Kolers, 1966a) a The two 

languages are theorized to be interdependent on one 

another. Language interference is hypothesized to occur 

when the use of one language system impedes functioning of 

the second. 

M.§giste (1980) suggested that a strong relationship 

between interference and automaticity may exist. Automatic 

processing lnval yes the use of information which is 

overlearned and placed in long term memory. Access to this 

type of information requires little attention and limited 

use of short-term memory. M!lqiste hypothesized that as the 

number of exposures to stimUli increases, automaticity 

improves and interference diminishes. 

Independence Position. The independence position 

is based on the premise that the bilingual has two 

independent memory stores, one available for each language. 

This independence enables the bilingual to comprehend, 

remember, and produce in one language without relying on or 

being influenced by the second language (Paivio & 

Desrochers, 1980). As a result, the possibility of 

interlingual interference between the two languages is 

reduced to a level no greater than the level of 

interference in one language alone {Durga, 1978). 

The independence hypothesis is supported by dual 

coding theory (Paivio & Desrochers, 1980; Paivio & Lambert, 
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1981). Though originally developed to explain the 

integration of imagery and verbal systems in cognitive 

activity, dual coding theory has been applied to the study 

of bilingualism (paivio & Desrochers, 1980). The theory 

involves a model for bilingual storage that includes a 

single imagery system (representing world knowledge) and 

two verbal systems (one for each language). Though 

partially interconnected, each system is capable of 

functioning independently. The two language systems are 

said to be independent in that they can be called upon 

individually without the influence of the other (paivio & 

Desrochers, 1980). Each verbal system has its own memory 

store and contact with the other system occurs only by way 

of translation from one language to the other. 

Evidence for the independence theory generally 

falls into two areas: (a) experiments showing meaningful 

responding in one language independent of the other 

language, and (h) experiments demonstrating additive 

effects of learning in the two languages. An example of 

the first type of experiment was provided by Kolers (1965). 

He demonstrated that when randomly presented with lists of 

words in two languages, bilingual subjects tended to 

remember the language in which the word was originally 

presented at a better than chance level. The additive 

effect of learning in two languages was demonstrated by 
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Paivio and Desrochers (1980). In their experiments 

subjects showed higher levels of recall when they had 

translated a word from a second language than when they had 

simply copied a word as it was presented. 

Interdependence position. A number of 

investigators believe that inter lingual interference occurs 

when a bilingual uses elements of one language while 

speaking or writing in another language (Mackey, 1965). 

This position is supported in part by the interdependence 

hypothesis of bilingual memory. The interdependence 

hypothesis assumes that the bilingual has only one memory 

store (Kolers, 1966b). A code switching mechanism enables 

the single memory system to tap into each of the two 

linguistic systems (Paivio & Lambert, 1981). 

Evidence supporting interdependence is observed 

during instances when responses in the separate languages 

of the bilingual are mediated by their shared connections 

with a common image. For example, Saegert and Young (cited 

in Paivio & Desrochers, 1980) found that bilingual subjects 

tended to process concrete items as mental images. As a 

resul t, experimental subjects made more errors on recall of 

concrete items than of abstract items. This is consistent 

wi th interference theory because abstract items are less 

amenable to imagery. Tulving and Colota (1970) have 

maintained that the mediational effect observed in 



bilingual subjects may be due to a high level of skill in 

translating. Lopez and Young (1974) examined this 

possibility.. Employing the interdependence hypothesis, 

they predicted that bilingual subjects learning a list in 

one language would learn a similar list in a second 

language more efficiently because of the combined memory .. 

Their results supported the prediction. They concluded 

that it was the interdependence of the two languages and 

not translating from one language to the other which 

produced the results .. 

14 

As stated previously, interference and automaticity 

are believed to be closely linked. A reliable 

characteristic of automatic behavior is speed of response 

(Lambert, 1955).. Reaction time (e.g., speed of reading) 

has been found to be a good predictor of language 

proficiency in bilingual subjects (Nolt & Lambert, 1968). 

Magiste (1979) used a reaction time procedure on a group of 

monolingual, bilingual, and trilingual students in Sweden. 

Four reaction time measures were recorded: (a) naming 75 

pictures of common objects, (b) naming 40 two-digit 

numbers, (c) performing elementary decoding tasks which 

required attention and elementary language skill, and (d) 

reading aloud a set of words in each language. The first 

two tasks were identified as encoding and the second two as 

decoding. Results demonstrated that after about four to 
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six years of schooling in the second language, the 

bilingual subjects had equal or shorter reaction times in 

their second language compared to reaction times in their 

primary language. Item identification response times for 

bilingual subjects as a group, however, remained longer 

than did the response times for monolinguals on decoding 

(24%) and encoding (39%) tasks. M.!Igiste proposed that the 

longer reaction times of the bilingual subjects were due to 

ei ther interference of the competing language systems, a 

lack of automaticity, or both. M!giste interpreted her 

evidence as supporting the interdependence theory of 

bilingual storage. 

In a subsequent study, MAgiste (1980) compared 

performance of monolingual and bilingual subjects on two 

tasks, digit recall and reading comprehension (involving 

numbers). The digit memory task involved both forward and 

reverse order recalL On the digit recall task, the 

bilingual subjects made more errors than the monolinguals. 

Bilingual subjects also performed more poorly on the 

reading comprehension task. M!.giste interpreted these 

resul ts as supportive of the interdependence hypothesis. 

She also found it meaningful that these results were 

evident in highly proficient bilingual subjects. 



16 

Short-Term f.lemory 

An accurate understanding of bilingual short-term 

memory must be based on a careful examination of memory 

processes in general. The following discussion presents 

salient theory and research on short-term memory. Those 

aspects of current knowledge relevant to the understanding 

of bilingual memory are emphasized. 

The last twenty years have seen a rapid expansion 

in research and theory concerning the role of memory 

processes in the cognitive development of children. During 

this time, investigators have focused on the cognitive 

processing activities which are believed to account for 

developmental changes in performance on memory tasks 

(Torgesen, 1982). The area of short-term memory has 

received a considerable amount of attention. 

From an information processing model perspective, 

short-term memory can be defined as the memory system that 

holds stimuli until they can be coded and further processed 

(Torgesen, 1982). Short-term memory performance refers to 

the degree to which recently learned material is 

remembered. Information in short-term memory is forgotten 

through decay and interference. Researchers have estimated 

the capacity of short-term memory to be from three to seven 

chunks of information (Chi, 1976). Estimates of capacity 
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vary due to differences in performance criteria, the nature 

of the task, and the manner in which a chunk is defined. 

Short-term memory is contrasted with long-term 

memory and is involved with both storing and processing 

information. The distinction between short-term and 10ng

term memory has been challenged by some writers (Craik & 

Lockhart, 1972). However, many investigators have observed 

that individuals rapidly forget recently presented 

information. This observation has been viewed as providing 

evidence for a distinction between short-term and long-term 

memory processes. 

Dempster (1981) identified four characteristics of 

short-term memory tasks which he believed led to recent 

interest in their investigation. First, most short-term 

memory tasks are simple in nature. Dempster argued that 

unless a solid understanding of the memory task is 

achieved, it would be unlikely that more complex skills 

involved in cognitive functioning would ever be understood. 

A second characteristic involved the ease and reliability 

of measuring performance on memory tasks. A third 

characteristic of the memory span task that led to its 

investigation was that it is a measure of optimum 

performance. A final characteristic involved the practical 

educational value of the memory task. 
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Short-Term Memory and Intelligence 

Researchers have known for half a century that 

short-term memory increases with age (Blankenship, 1938). 

Intelligence and performance on short-term memory tasks 

have also been linked (Cohen & Sandberg, 1977). In 1905, 

Binet and Simon (cited in Dempster, 1985) were the first to 

include a digit memory task in an intelligence test 

battery. Similar tasks are found in tests that are 

commonly used today (e.g., Wechsler Intelligence Scale for 

Children-Revised [Wechsler, 1974]; Woodcock-Johnson Psycho

Educational Battery [Woodcock & Johnson, 1977]; Illinois 

Test of Psycholinguistic Abilities [Kirk, McCarthy, & Kirk, 

1971]) • 

Digit recall correlations with IQ have generally 

been low. Wechsler (1974) reported a Digit Span and Full 

Scale IQ correlation of about .37 for children. 

Correlations for adults range from .30 to .53 (Matarazzo, 

1972). Dempster (1985) cited two possible reasons for mild 

digit recal1/IQ correlations. Digit recall measures tend 

to have low reliabilities at certain age levels and many 

studies sampled a restricted range of IQ levels. 

Many tests of cognitive ability use digit recall 

tasks to measure short-term memory. Some researchers have 

suggested that span tasks are poor measures of short-term 

memory because they are subject to encoding interference. 
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That is to say, the act of repeating some of the i terns 

stored in short-term memory interferes with retention of 

the remaining information in storage. Researchers (e.g., 

Cohen & Sandberg, 1977) have partially resolved this issue 

by having experimental subjects repeat only one section 

(beginning, middle, or end) of a span. When this approach 

is utilized, IQ/short-term recall correlations increase 

(for middle and end sections only). Some researchers have 

questioned the value of digit recall tasks because the 

tasks emphasize storage function more than processing 

function. This position is supported by evidence 

indicating higher correlations between digits reversed and 

IQ than between digits forward and IQ (Jensen & Osborne, 

1979). Some contemporary IQ tests include a digit recall 

task which uses both digits forward and digits reversed 

(e.g., Wechsler Intelligence Scale for Children-Revised 

[Wechsler, 1974J) or digits reversed only (e.g., Woodcock

Johnson Psycho-Educational Battery [Woodcock & Johnson, 

197711. 

Much of the investigation into the relationship 

between performance on short-term memory tasks and 

intelligence has been based on studies of normal and 

exceptional children. Research comparing normal with 

retarded samples (Ellis, McCarver, & Ashurst, 1970) and 

normal with high IQ samples (Fagan, 1972) indicated that 1Q 
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was a strong determinant of performance on early list 

items. The importance of lQ diminished with the recency of 

the item. These findings were used to support the position 

that high 10 children were more efficient than low 10 

children at rehearsing items. The greater efficiency of 

high 10 subjects is consistent with the Atkinson and 

Shiffrin (1968) model of memory. In their model, an item 

enters a short-term store where its trace can last for up 

to several seconds. Items in short-term memory are 

displaced as subsequent i terns enter storage. In order for 

the item to be remembered for a longer period of time, it 

must be moved into long-term memory storage or maintained 

by rehearsal. Belmont and Butterfield (1971) concluded 

that it was the maintenance-rehearsal component of the 

memory system which accounted for IQ/short-term memory 

correlations. 

There is considerable disagreement as to the 

relationship between rehearsal and individual differences 

in short-term memory span. For example, Frank and 

Rabinovitch (1974) failed to show an interaction between 

chronological age and rehearsal using normal 1Q subjects. 

Similarly, Cohen and Sandberg (1977) did not find a 

relationship between 1Q and rehearsal maintenance. Chi 

(1976) advanced the position that increases in short-term 

memory performance associated with age (a) did not 
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necessarily imply an increase in short-term capacity, 

(h) could be explained in terms of improved use of control 

variables, and (e) could be partially accounted for by 

differences in the knowledge base of the subjects. 

Variables Influencing Short-Term Memory 

Researchers have attempted to identify the 

cognitive processing activities which account for 

individual and developmental differences in performance on 

memory span tasks. Attempts to break down the components 

of the memory task have included descriptions by Torgesen 

(1982), Dempster (1981), and Chi (1978). 

Torgesen (1982) described three types of memory 

variables that are considered to be responsible for short

term memory deficiencies: control variables, structural 

variables, and person variables. Control variables are 

goal-directed activities that assist in the maintenance of 

information over a short period of time. Control variables 

are hypothesized to be under conscious control and are 

responsive to training. Rehearsal is an example of a 

control variable. In contrast, structural variables refer 

to fixed, built-in processes. Duration of the memory trace 

and speed of access to memory codes are examples of 

structural variables. The final type of memory variable 

identified by Torgesen involves person variables which 

incl ude attention, anxiety, and motivation. 
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An alternative approach for identifying memory 

components involves grouping them into strategic and 

nonstrategic variables. Dempster (1981) identified a 

strategic variable as one which is under the selective 

control of the individual. Nonstrategic variables, on the 

other hand, were described as essentially fixed and not 

subject to individual control. Nonstrategic variables 

include i tern identification, i tern ordering, and capacity. 

Strategic variables include rehearsal, grouping, and 

chunking. 

A final approach to identifying memory components 

was presented by Chi (1978). She identified three 

variables that might influence the development of memory: 

strategies, knowledge, and capacity. For Chi, the study of 

memory strategies was important because of the 

developmental changes that occurred in their usage. Chi 

referred to knowledge as the concepts and relationships 

among concepts located in the semantic memory. Improved 

performance on short-term memory tasks with age was assumed 

to be partially affected by an increased knowledge base. 

Chi referred to capacity as the amount of working memory 

space available. The effect of capacity on memory was 

unrelated to conscious attempts to improve performance. 

Chi (1977) identified two methods that have been 

used to test the relationship between short-term memory 
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recall and differential usage of processing strategies. 

The first approach involved comparing performance levels 

tasks that were believed to be strategy free. The learning 

tasks presented in those experiments generally involved 

information that was equally available to all groups under 

study. A second approach used by investigators in studying 

the usage of processing strategies in short-term memory 

recall involved examining the effects of training on 

performance. 

Nonstrategic and Strategic Variables. The 

discussion which follows details some of the theory and 

research on the variables hypothesized to affect short-term 

memory. Dempster's (1981) system of classifying memory 

variables as either nonstrategic or strategic is used in 

the review. 

Nonstrategic Variables Influencing Short-Term 

Memory. More than 20 years ago, Ellis (1963) proposed that 

the relationship between IQ and short-term memory span was 

due to the presence of more persistent stimulus traces in 

high IQ subjects. More recently, researchers (e.g., Case, 

Kurland, & Goldberg, 1982) have focused their efforts on 

the hypothesized space available for storing and 

transforming information. Case, et al. (1982) subdivided 

short-term memory space into two components. wi thin their 

model, total processing space referred to the individual r s 
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total control processing resources, comprised of storage 

space plus operating space. Storage space referred to the 

amount of space available for storing information; 

operating space referred to the amount of space available 

for executing mental operations. Research in this area has 

focused on possible changes in processing space during the 

course of deve 1 opment. 

Huttenlocher and Burke (1976) have advanced the 

position that total processing space increases with 

maturation. Chi (1976) and Dempster (1978) have argued 

that the amount of total processing space remains constant 

throughout development. Case, Kurland, and Goldberg (1982) 

have taken what they view as a middle position. They 

argued that maturational increases in short-term memory 

were not due to a change in total processing; rather I they 

were due to a modification of how that space is used. They 

hypothesized that as individuals mature, the need for 

operating space decreases. This decrease is due to the use 

of more efficient encoding and retrieval operations. As a 

resul t, less attentional control is required and additional 

storage space becomes available. 

Case, et al. (1982) reported a series of 

experiments which supported their position on the 

developmental shift between storage space and operating 

space. In their first experiment, subjects' reading rates 
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and memory spans for words were assessed. Results showed a 

direct relationship between speed of word repetition and 

increases in memory span for words. A second experiment 

found that when word familiarity in a reading task was 

manipulated to equate adult and child word repeti tien 

speed, word spans of adults and children became equal in 

length. Based on these results, the authors concluded that 

a direct relationship exists between word span and 

operational efficiency. In addition, they proposed that 

developmental differences in span length can be eliminated 

by controlling operational efficiency. 

Item identification is a second nonstrategic 

variable relevant to the current discussion. Item 

identification has been described as the first critical 

operation in the memory span task (Dempster, 1981). 

Several investigators have argued that variations in item 

identification may be a source of span d.ifferences between 

as well as within individuals (Chi, 1977r Huttenlocher & 

Burke, 1976). It is assumed that improved span performance 

relies on efficient activation of appropriate perceptual

cognitive units and appropriate linguistic programs. The 

degree of automaticity in the identification process is 

related to the level of processing efficiency. Thus, 

difficulty with item identification leads to less capacity 

for storage and results in shorter memory span. This 
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position was supported by data collected by Rabbit (1968). 

In her experiments, subjects were presented lists of digits 

which were systematically distorted to reduce auditory 

discrimination. Her findings demonstrated a significant 

memory span by noise interaction. 

A second position held by proponents of the i tern 

identification hypothesis is that ease and speed of i tern 

identification are related. Chi (1977) and others have 

provided direct evidence to support this view. Chi found 

that five-year old children needed more time than adults to 

identify visual stimuli. Short-term recall for adults was 

substantially greater than for children. However, when 

adults' exposure time to the stimuli (faces) was reduced, a 

strong decrease in recall performance differences between 

the groups resulted. Chi concluded that reduction of adult 

exposure time equated the item identification ability of 

adul ts and children. Consistent with this hypothesis, 

Spring and Capps (1974) found a relationship between poor 

digit recall and slow speech-motor encoding. 

Finally, proponents of the item identification 

hypothesis have suggested that speed of item identification 

is directly related to span length. Research in this area 

has demonstrated that this relationship holds with adults 

(Chi, 1977) as well as with children (Spring & Capps, 
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1974). Researchers have based their conclusions on studies 

examining identification of numbers, words, and pictures. 

Item ordering is a third nonstrategic span 

variable. It refers to an individual' 5 ability to 

correctly sequence items in short-term memory. Several 

researchers (Estes, 1974; Huttenlocher & Burke, 1976) have 

suggested that i tern ordering is a factor which may account 

for depressed numerical span scores of young children. 

Evidence in this area appears contradictory. There is 

speculation, however, that ordering effects are age related 

as they have been shown to be related to general 

intelligence. Comparing the correlation between IQ and 

recall, Cohen and Gowen (1978) found higher IQ/recall 

correlations when serial recall was required <.~.=. 73) than 

when free recall was required (~=.56). This would tend to 

support the item ordering hypothesis. However, when item 

order and item information were tested separately, the 

correlation between IQ and item identification remained 

high (~=.48) while the correlation between IQ and item 

order was low (£.= .14) . 

Strategic Variables Influencing Short-Term Memory. 

Rehearsal refers to a process whereby information in short

term memory is subvocalized. It involves a high level of 

activation and facilitates transfer to long-term memory. 

Research on rehearsal processes has generally led to 
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several conclusions.. First, subvocalization is positively 

correlated with recall (Garrity, 1975).. second, older 

children tend to rehearse larger groups of items at one 

time than do younger children (Ornstein, Naus, & Liberty, 

1975).. Finally, there is a wide range of individual 

differences in the use of rehearsal by subjects at the same 

age level. For example, subVQcalization is correlated with 

recall in boys, but not in girls (Garrity, 1975) .. 

The causal relationship between rehearsal and 

short-term memory span has been questioned by some 

investigators. Cohen and Sandberg (1977) examined recall 

on nine-digit sequences. They found virtually no 

correlation between short-term memory and IQ on the three 

primacy digits. In contrast, a high correlation between 

short-term memory and lQ was obtained on the three recency 

digits. The lack of a short-term memory/IQ correlation on 

the primacy digits was interpreted as evidence refuting the 

role of rehearsal on recall performance. 

Grouping has long been studied as a source of 

individual differences in memory span. Grouping refers to 

the process of linking information through the use of 

temporal, rhythmic, or other variations. Merely 

instructing a subject to use grouping to facilitate recall 

has little or not effect on memory span (Ryan, 1969). 

However, grouping is effective when groups are 



intentionally defined by the experimenter (Krulee, Grapp, 

Landi, & Manelski, 1964). Though grouping does appear 

related to span performance, it appears to be a technique 

used by all ages (Hutten!ocher & Burke, 1976). 
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Chunking involves the recoding of two or more 

independent items into a single unit. In order for an item 

to be chunked, it must be familiar. The more familiar an 

item, the greater the ease of chunking. Whereas grouping 

can be done temporally or rhythmically, chunking requires 

knowledge of the stimuli. presented. Research has generally 

concluded that there are age and individual differences in 

chunking (Lange, 1978). Individual differences in 

chunking, however, appear related to differences in the 

familiari ty of the stimulus items (i.e., item 

identification [Chi, 1978]). 

Evaluation of Nonstrategic and Strategic Variables. 

A review of the research on nonstrategic and strategic 

variables conducted by Chi (1976) concluded that the 

nonstrategic variables of capacity, decay, and displacement 

do not account for age-related differences in memory span. 

The strategic variables of stimulus familiarity, grouping, 

speed of encoding, and long-term retrieval, however, were 

determined to account for age-related differences. 

After reviewing research on ten sources (strategic 

and nonstrategic variables) of individual and developmental 
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differences in span length, Dempster (1981) concluded that 

item identification was perhaps the major variable 

accounting for these differences. 

Short-Term Memory and Learning Disabilities 

Learning disabled children have frequently been 

found to perform poorly on tasks measuring short-term 

memory (Torgesen & Goldman, 1977). Some researchers have 

suggested that the poor performance of learning disabled 

children on digit recall tasks was due to impaired 

sequencing ability (Rugel, 1974). others have looked at 

distractibility factors (Vance & Singer, 1979). Research 

has focused on strategic and nonstrategic variables that 

are hypothesized to contribute to the depressed performance 

of learning disabled children on short-term memory tasks_ 

Learning Disabilities and Nonstrategic Variables. 

Arguments have long been advanced that a learning disabled 

child's failure to perform well on short-term memory tasks 

is the result of depressed processing capacity or 

nonstrategic limitations. Much of the evidence supporting 

the influence of nonstrategic limitations on the memory 

functions of learning disabled children has centered on 

research which failed to demonstrate successful training of 

strategic variables (Torgesen, 1982). Torgesen and Houck 

(1980) found that financial incentives were effective in 

improving the recall of children with adequate short-term 
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memory (Le., normal and learning disabled children scoring 

well on digit recall tasks). However, financial incentives 

were not effective in improving the performance of learning 

disabled children with depressed memory scores. In a 

series of experiments completed by Torgesen (1982), 

evidence was obtained which showed continued differences in 

performance between learning disabled and normal groups 

after adjusting for the effects of nonstrategic processes. 

Learning Disabilities and Strategic Variables. The 

role of strateg~c variables in the short-term memory 

deficits of learning disabled children has been extensively 

explored by Torgesen and others (Haines & Torgesen, 1979; 

Torgesen, 1977, 1978-79, 1979, 1980~ Torgesen & Goldman, 

1977; and Torgesen, Murphy, & Ivey, 1979). Torgesen 

hypothesized that learning disabled children perform poorly 

in school because they fail to use e.fficient and organized 

strategies to adapt to task demands. Supporting this 

hypothesis, Torgesen and Goldman (1977) studied short-term 

memory in second graders and found that poorer readers 

recalled less and rehearsed less than normal readers. 

However, when poor readers were trained to use rehearsal, 

differences between the groups diminished. Similarly, poor 

strategies were found in older children studied by Torgesen 

(1977). Based on his research, Torgesen concluded that 

poor readers were less likely to take advantage of 
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categorical relationships as they prepared for recall. In 

a more general study, Torgesen and Houck (1980) found 

evidence to suggest that learning disabled children, 

regardless of the nature of their processing deficits, had 

inefficient strategies for solving tasks. 

Torgesen I 5 finding that learning disabled children 

failed to spontaneously employ efficient task strategies 

has been supported by other investigators. Wong (cited in 

Torgesen, 1980) obtained data suggesting that learning 

disabled children do not engage in active processing during 

reading. In her study, learning disabled children recalled 

less information than normal children when comprehension 

strategies were not overtly cued. However, recall of 

explicitly cued sentences was the same for both groups. 

Summarizing their own research findings and that of 

others, Torgesen and Houck (1980) concluded that no single 

causal link can be made between nonstrategic or strategic 

processes and memory span in learning disabled children. 

Instead, short-term memory span in learning disabled 

children appears to result from a complex set of factors 

which work together to produce learning problems. Though 

further research is needed before the role these factors 

have on learning disabilities can be understood, it 

continues to be evident that poor performance on memory 



span tasks is linked to children identified as learning 

disabled. 
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CHAPTER 3 

METHOD 

One-hundred nineteen 3rd grade children from 

elementary schools in Tucson, Arizona participated in the 

study. Subjects were assigned to one of four comparison 

groups according to their ethnicity and language 

background. Subjects in Groups I (!!=25), II (~=34), and 

III (!!=29), were Mexican-American with group membership 

determined by their level of English proficiency. Group IV 

subjects (!!=26) were monolingual English speaking Anglo 

children. Ethnicity was established according to ethnic 

code data on student registration forms. 

Every effort was made to select subjects who were 

representative of Mexican-American and Anglo children in 

the Tucson area. Subjects selected for the study were from 

lower to middle class neighborhoods representing several 

schools throughout the Tucson area. In addition, subjects 

were cho'sen in a manner that ensured equivalency among 

comparison groups. Through examination of school records, 

subjects were matched for socioeconomic status (SES), sex, 
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and age. Parent occupation was the primary means of 

controlling for SES. Each group had approximately the 

number of males and females. Subjects ranged in age from 

eight to ten years of age. 

English Proficiency 

Subjects fell within four language groups. 
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Subjects in Groups I and II were Mexican-American with 

Spanish speaking backgrounds. Subjects in Group III were 

Mexican-American with English only backgrounds. Subjects 

in Group IV were Anglo with English only backgrounds. 

Subjects in Group I were "limited" in English usage. 

Subjects in Group II were "proficient" in English usage. 

Subjects in Groups III and IV were monolingual English 

speakers. English proficiency was determined by student 

registration material and the Language Assessment Scales 

(Duncan & De Avila, 1985). 

Examiners 

Testing was completed by three examiners. One 

examiner was monolingual English speaking; the two 

remaining examiners were bilingual (English and Spanish) . 

The examiners were trained in the administration of all 

three performance measures by the principal investigator. 
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Procedures 

Subjects were tested individually at their schools. 

Written parental permission was obtained prior to testing 

(Appendix AI. The three performance measures were 

administered in one session. The order of their 

presentation was counter balanced. 

Performance Measures 

Digit Span 

The Digit Span test, a Verbal subtest on the 

Wechsler Intelligence Scale for Children-Revised (Wechsler, 

1974), was administered to all subjects. The Digit Span 

test includes digits forward and digits backward, two 

separately administered sections. Each item consists of 

two trials of equal length. Both trials, which contain 

different digits, are administered by an examiner who reads 

the digits at a rate of one per second. In the digits 

forward condition, the number of digits per sequence ranges 

from three through nine. Each successive item is increased 

in length by one digit until the subject fails to correctly 

repeat both trials at the same level. In the digits 

backward condition, the subject is instructed to repeat the 

digits in reverse order of presentation. Testing is 

continued in the same manner as in digits forward. Span 

lengths range from two through eight digits. In both 

----_ .. _--_. -
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digits forward and digits backward, the subject is awarded 

one point for each trial that is correctly repeated. 

Points are totaled into a raw score. In the present study, 

subjects received scores for digits forward, digits 

backward, and digits combined. The Digit Span test was 

administered in English to all subjects according to the 

approach described in the test manual (Wechsler, 1974). 

Wechsler (1974) provided test-retest reliability 

coefficients for the Digit Span test. However, no 

reliability data were available at the 8.5 age level. 

Therefore, the reliability coefficient of .84, from the 

preceding age level, was used. A composite reliability 

coefficient of .78 was reported for the Digit Span test 

across all ages, therefore, the actual reliability 

coefficient at age 8.5 may be somewhat lower than the .84 

provided. 

Item Identification 

An i tern identification reaction time measure 

similar to that used by Magiste (1979) was administered to 

each subject to measure item familiarity. The task 

consisted of 40 visually presented 2-digi t numbers 

(Appendix B). Subjects were requested to name the numbers 

as rapidly as possible. If the subject did not complete an 

item within five seconds, he or she was told to go to the 
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next item. Each subject's final score was the total number 

of seconds required to complete the task. 

Coloured Progressive Matrices 

The score on the Coloured Progressive Matrices 

(Raven, Court, & -Raven, 1977) was used as a covariate to 

control for the ability level of the subjects. The 

Coloured Progressive Matrices was chosen because of its 

nonverbal nature and appropriateness with subjects of 

various linguistic and cultural backgrounds. The test 

items involve discriminations among perceptual patterns. 

Utilizing visual closure, visual analogies, and spatial 

relations, the subject chooses from several options the 

response that will complete the incomplete pattern. The 

Coloured Progressive Matrices was individually administered 

according to the procedures described in test's manual 

(Raven, Court, and Raven, 1977). For Spanish dominant 

children, the test instructions 'Nere translated into 

Spanish. Each subject completed all test items. Each 

subject's score on the Coloured Progressive Matrices was 

the total number of correct responses on the test. 

The reliability of the Coloured progressive 

Matrices has been demonstrated for Anglo and Mexican

American children. Carlson and Jensen (1981) obtained 

split-half reliability coefficients of .87 and. 77 for 

Anglo and Mexican-American samples respectively. His data 
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suggested no significant differences in reliability between 

the two groups. 

Language Assessment Scales 

The Language Assessment Scales (Duncan & De Avila, 

1985) was used to determine the English proficiency level 

of the bilingual subjects in the study. The test comprises 

three areas involving lexical knowledge, sentence 

comprehension, and oral production. De Avila and Duncan 

(1982) reported Kuder-Richardson reliability coefficients 

for the Lexical (E.=' 969) and Sentence Comprehension 

(£=.866) subtests. Reliability for the Oral Production 

subtest was established by calculating inter rater agreement 

across raters and stories. Interrater agreement ranged 

from.79 to .96. Validity information is not currently 

available on the Language Assessment Scales. 

Data Analysis 

The dependent measures considered in this study 

were the three Digit Span scores (digits forward, backward, 

and combined) and item identification. The independent 

variables were level of English proficiency or language 

group, student age, and student ability level. 

Hypothesis one was investigated by comparing the 

Digit Span scores across the three English proficient 

groups (Groups II, III, and IV). The significance of the 
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differences between the three groups was determined by 

analysis of variance (ANOVA) and analysis of covariance 

(ANCQVA) procedures. Student ability level and age served 

as covariates. Hypothesis one predicted that bilingual 

interference would result in lower scores for the bilingual 

English proficient group (Group II). No difference between 

the monolingual English groups (Groups III and IV) was 

expected. 

Hypotheses two and three were investigated through 

the use of the causal model depicted in Figure 1. In this 

analysis, all four language groups were included. It was 

predicted that hypothesis two would be supported by 

evidence of a strong causal relationship between level of 

English proficiency and digit recall performance. In 

addition, the model would provide evidence supporting the 

role of item identification as an intervening variable 

affecting digit recall performance. 



Figure 1 

Path Model of Variables Effecting Digits Forward, Digits Backward, 
and Digi ts Combined 

English Proficiency 

Age 

Ability 

Number Identification 

Digi ts 
Forward 

~ .... 



CHAPTER 4 

RESULTS 

The hypotheses in the current study were evaluated 

by comparing student performance across the four language 

groups (Group I--bilingual Mexican-American with limited 

English proficiency; Group II--bilingual Mexican-American 

proficient in English: Group III--monolingual Mexican

American proficient in English: and Group IV--monolingual 

Anglo proficient in English). To test the first 

hypothesis, the digit recall performances of Groups II, 

I I I, and IV were compared. Hypotheses two and three were 

tested by combining the four proficiency groups into two 

levels. Level one included subjects from Group I; these 

subjects were designated as "limited" in English 

proficiency. Level two included subjects from Groups II, 

III, and IV; these subjects were designated as "proficient" 

in English. 

Bilingual Interference 

Hypothesis one tested the possible differential 

effect of bilingualism on digit recall performance for the 

three English proficient groups (Groups II, III, and IV). 

42 
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It was hypothesized that students in Groups III and IV 

would perform comparably on the three digit recall measures 

(digits forward, digits backward, and digits combined) 

while Group II subjects would score at a lower level. Data 

were analyzed using analysis of variance and analysis of 

covariance techniques. Subjects I age and Coloured 

Progressive Matrices scores served as covariates. 

Digits forward, digits backward, and digits 

combined data were analyzed separately using one-way 

analysis of variance. In all three cases, the assumption 

of homogeneity of variance was met (digits forward: £:.=.479, 

.e.=.619; digits backward: f=.280, .2=.756; digits combined: 

.£:.=1.022, .e.=.360) using Bartlett-Box. 

Table 1 reports results using the one-way analysis 

of variance procedure. The one-way analysis of variance 

resul ts for the three proficient groups revealed no 

significant differences between the groups for digits 

forward (!:=2.21, £=.116) and digits backward (!:.=2.50, 

12=.08). A significant difference between groups was found 

for digits combined (E:.=4.02, £=.021). Table 2 presents the 

means and standard deviations for each group for digits 

forward, digits backward, and digits combined. The means 

and standard deviations for Group I are presented in 

Appendix C. Scheffe 1 s Mul tiple Range Test was used to 

determine significant differences between the group means 
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Table 1 

one-way Analysis of Variance Summary Table for Digits 
Forward, Digits Backward, and Digits Combined 

Source of Variation SS df MS !: E 

Digi ts Forward 

Between 11.6 5.8 2.21 .116 

Within 225.8 86 2.6 

Total 237.4 88 

Digits Backward 

Between 6.8 3.4 2.50 .088 

Within 117.2 86 1.4 

Total 124.0 88 

Digi ts Combined 

Betw,,'en 31. 6 15.8 4.02 .021 

within 337.8 86 3.9 

Total 369.4 88 



Table 2 

Groups II, III, and IV Means and Standard Deviations for 
Digits Forward, Digits Backward, and Digits Combined 

Group Mean Standard Deviation 

Digi ts Forward 

Bilingual 5.00 1. 49 

Monolingual 5.44 1. 79 
Mexican-American 

Monolingual 5.88 1. 58 
Anglo 

Overall Mean 5.41 1.62 

Digi ts Backward 

Bilingual 3.88 1. 23 

Monolingual 3.76 1.19 
Mexican-American 

Monolingual 4.42 1.07 
Anglo 

Overall Mean 4.00 1.17 

Digi ts Combined 

Bilingual B. BB 1. 95 

Monolingual 9.21 2.24 
Mexican-American 

Monolingual 10.31 1.69 
Anglo 

Overall Mean 9.41 1. 9B 
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for digits combined. Results showed significant mean 

differences between Group II and Group IV only (12.< .10) . 
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The analysis of covariance (ANCQVA) design was used 

to control for the influence of age and general ability on 

digit recall performance. Table 3 reports the ANCOVA 

results for digits forward, digits backward, and digits 

combined with the variable of age controlled. The one-way 

ANCOVA between the three proficient groups revealed no 

significant differences between the groups for digits 

forward (!:=1. 87, E"" .141) or digits backward (~=1. 93, 

£=.131) with age controlled. A significant difference 

between groups was found for digits combined (£:=3.38, 

£=.022). 

The results of the one-way ANCOVA for digits 

forward, digits backward, and digits combined with general 

ability controlled are reported in Table 4. The results 

revealed no significant differences between the groups for 

digits forward (K=1.68, .12=.178) or digits backward (K",1.65, 

£=.088). A significant difference between groups was 

obtained for digits combined (!:.=2.78, £=.046). 

Table 5 presents the results of the one-way ANCQVA 

for digits forward, digits backward, and digits combined 

with age and ability controlled. The results showed no 

significant effects for digits forward (!:.=1. 53, .e=. 20) and 
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Table 3 

One-Way Analysis of Covariance Summary Table for Digits 
Forward, Digits Backward, and Digits Combined with Age as a 

Covariate 

Source of Variation SS df MS E: 12 

Digits Forward 

Between 14.6 4.89 1. 87 .141 

Within 222.8 85 2.62 

Total 237.4 88 2.70 

Digits Backward 

Between 7.9 2.63 1. 93 .131 

Within 116.1 85 1. 37 

Total 124.0 88 1. 41 

Digits Combined 

Between 39.4 13 .14 3.38 .022 

Within 330.0 85 3.89 

Total 369.4 88 4.20 
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Table 4 

one-Way Analysis of Covariance Summary Table for Digits 
Forward, Digits Backward, and Digits Combined with Ability 
as a Covariate 

Source of Variation SS df MS E: E 

Digits Forward 

Between 13.3 4.4 1.68 .178 

Within 224.2 85 2.6 

Total 237.4 88 2.7 

Digits Backward 

Between 6.8 2.3 1. 65 .088 

wi thin 117.2 85 1.4 

Total 124.0 88 1.4 

Digi ts Combined 

Between 33.1 11. 0 2.78 .046 

Wi thin 336.4 85 3.9 

Total 369.4 88 4.2 
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Table 5 

One-Way Analysis of Covariance Summary Table for Digits 
Forward, Di~its Backward, and Digits 
and Abill.tx as Covarl.ates 

Combined with Age 

Source of variation SS df MS E: 12 

Digits Forward 

Between 16.4 4.0 1.53 .20 

Within 221.3 84 2.6 

Total 237.4 88 2.7 

Digits Backward 

Between 7.9 2.0 1.43 .231 

Within 116.1 84 1.4 

Total 124.0 88 1.4 

Digits Combined 

Between 40.6 10.1 2.59 .042 

Within 328.9 84 3.9 

Total 369.4 88 4.2 
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digits backward (!:.=1.43, £=.231). Results were significant 

for digits combined (!:=2.59, :e.=.042). 

English Proficiency Level 

Hypotheses two and three were evaluated by the 

causal model represented by the path diagram depicted in 

Figure 2. The path coefficients representing the magnitude 

of the relationship between the explanatory and dependent 

variables are provided above each linkage in the diagram. 

From the path diagram, the relative importance of the 

independent contributions of the explanatory variables in 

explaining variance in the dependent variables can be 

assessed. The path coefficients in this model were 

estimated using least squares methods in a regression 

analysis. The model specified the hypothesized causal 

relationship between the explanatory variables of 

proficiency level, age, and number identifications and the 

dependent variables of digits forward, digits backward, and 

digi ts combined. 

Hypothesis two predicted a causal relationship 

between proficiency level and the dependent measures. 

Hypothes'is three predicted a strong intervening role for 

number identification between proficiency level and digit 

recall performance. This influence was evaluated by 

estimating the magnitude of proficiency level for item 
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Figure 2 

Path Diagram of English Proficiency Level on Digits 
Forward, Digits Backward, and Digits Combined 

~~~!iSh Proficiency ____ --'0-"2-"3-'.7 ___ --7 

~~~!iSh Proficiency ____ --'0"'2-"0;..3 ___ -7 

~~;!ish Proficiency ____ --'0"'3"'0-"3 ___ -") 

Digits 
Forward 

Digi ts 
Backward 

Digi ts 
Combined 
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identification and item identification I 5 influence on Digit 

span. 

ReBul ts of the analysis for the dependent measure 

digits forward are shown in Table 6. The explanatory 

variables taken together in the model accounted for 14% of 

the variance in performance on the digits forward task. 

The results showed that level of English proficiency made a 

significant (!,=6. 62, ,E.=. 011) independent contribution to 

the variance in digits forward. General ability also had a 

significant 1E,=3.95, ,2=.050) direct effect on this measure. 

Age and number identification did not make significant 

independent contributions to the variance in digits 

forward. 

Resu! ts of the analysis for the dependent measure 

digits backward are shown in Table 7. The explanatory 

variables taken together in the model accounted for 7% of 

the variance in performance on the digits backward task. 

Resul ts showed that level of English proficiency made a 

significant (:£:=4.49, E,=. 036) independent contribution to 

the variance in digits backward. Age, ability, and number 

identification did not make significant independent 

contributions. 

The results of the analysis for digits combined 

(digits forward plus digits backward) are shown in Table 8. 
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Table 6 

Path Coefficients of Digits Forward for English Proficiency 
Level, Age, Ability, and Number Identification 

Digits Forward 

Independent 

Variable !:. Beta !:.{E..-Valuej !3.2 Chg. 

Engl ish Level .28 .237 6.62{.01l) .08 

Age - .12 -.124 1.92{.169) .02 

Ability .24 .179 3.95{.050) .03 

Number Iden. .18 .113 1.52{.220) .01 

!3.2 .14 

Note: E. = simple correlation coefficient 

Beta = standardized regression (path) coefficient 

F = F statistic calculated for standardized 

regression (path) coefficient 

R2 = multiple correlation coefficient squared 
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Table 7 

Path Coefficients of Diqits Backward for English 
proficiency Level, Age, Ability, and Number Identification 

Digits Backward 

Independent 

Variable !:. Beta t(~-Value) !!.2 Chg. 

English Level .21 .203 4.49(.036) .05 

Age -.13 -.141 2.30(.132) .02 

Ability .09 .043 .21(.649) .00 

Number Iden. .11 .059 .38(.540) .00 

!!.2 .07 

Note: ~ = simple correlation coefficient 

Beta = standardized regression (path) coefficient 

£:. = F statistic calculated for standardized 

regression (path) coefficient 

~2 = multiple correlation coefficient squared 
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Table 8 

Path Coefficients of Digits Combined for English 
proficiency Level, Age, Ability, and Number Identification 

Digits Combined 

Independent 

variable Beta !:.(!2.-Value) ~2 Chg. 

English Level .35 .303 11.59(.001) .12 

Age -.17 -.177 4.22(.042) .03 

Ability .24 .169 3.74(.056) .03 

Number Iden. .20 .123 1.95(.165) .01 

~2 .20 

Note: ;: = simple correlation coefficient 

Beta = standardized regression (path) coefficient 

~ = F statistic calculated for standardized 

regression (path) coefficient 

g,2 = multiple correlation coefficient squared 
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The explanatory variables accounted for 20% of the variance 

in the model. The results showed that level of English 

proficiency made a significant (£:.=11.59, !2.=.001) 

independent contribution to the variance in digits 

combined. Age (£:.=4.22, !2.=.042) also had a significant 

direct effect on digits combined. Number identification 

and ability (£:.=3.74, !2.=.056) did not significantly 

contribute to the equation. 

Number Identification 

Table 9 provides the results of the analysis for 

number identification. The explanatory variables of 

English proficiency level, age, and ability accounted for 

6% of the variance in performance on the number 

identification task. The results shotved that level of 

English proficiency had a significant (~=5. 63, e.=. 019) 

direct effect on this measure. Age and ability did not 

make significant independent contributions to the variance. 

Hypothesis three concerned the intervening effects 

of number identification on digit recall. This effect was 

eval uated by estimating the indirect effect of English 

proficiency on Digit Span through number identification. 

The magnitude of the indirect effect was estimated by 

multiplying the path coefficients on the appropriate path. 

The magnitude of the indirect effect was smal1 for digits 



Table 9 

Path Coefficients of Number Identification for English 
proficiency Level, Age, and Ability 

Number Identification 

Independent 
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Variable E. Beta !:.(!1.-Value) ~2 Chg. 

English Level .23 .222 5.630(.019) .06 

Age .04 .037 .158(.629) .001 

Ability .10 .076 .658(.419) .006 

~2 .06 

Note: !:. = simple correlation coefficient 

Beta = standardized regression (path) coefficient 

~ = F statistic calculated for standardized 

regression (path) coefficient 

!!.2 = multiple correlation coefficient squared 
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forward (.025), digits backward (.015), and digits combined 

(.027). The indirect effect was relatively stronger for 

digits forward than digits backward. 

Summary 

Hypothesis one tested the effect of bilingualism on 

digi t recall. Analysis of variance and analysis of 

covariance results showed significant differences between 

bilingual and monolingual subjects for digits combined 

only. Post hoc testing for digits combined revealed a 

significant mean difference between the bilingual group and 

the monolingual-Anglo group only. It was hypothesized that 

significant mean differences would be found between the 

bilingual group and the two monOlingual groups (Mexican

American and Anglo) 1 but not between the two monolingual 

groups. The hypothesized role of bilingual interference on 

digit recall was not supported. 

Whereas hypothesis one was not supported by the 

obtained data, hypothesis two gained limited support. 

Hypothesis two predicted a causal relationship between 

English proficiency level and digit recall performance. 

Resul ts showed that level of English proficiency 

contributed significantly to the variances in digits 

forward, digits backward, and digits combined. 

Hypothesis three predicted an intervening role for 

number identification between English proficiency level and 
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digit recall. Results showed a causal link between level 

of English proficiency and number identification, but 

virtually no association between number identification and 

digi t recall. Hypothesis three was not supported. 



CHAPTER 5 

DISCUSSION 

The present study investigated the relationships 

among bilingualism, language proficiency, number 

familiarity, and short-term auditory memory in Mexican

American and Anglo children. A review of the literature 

suggested several areas that were in need of further study. 

These areas will be discussed in terms of results obtained 

in this investigation. Implications of these results in 

relation to relevant theory and possible practical 

applications will be discussed. 

The principal focus of the present study concerned 

the possible effects of bilingual interference on the digit 

recall performance of children. Two prevailing positions 

on this issue were delineated. The independence position, 

emphasizing the presence of two independent memory stores, 

suggests that there is a separate memory store for each 

language of the bilingual. If the independence position 

holds, bilingual subjects should perform comparably to 

monolingual subjects ,.,hen presented with short-term memory 

tasks. In contrast, the interdependence posi tiOD holds 

that the bilingual has only one memory store which 
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functions for both language systems. This position leads 

to the prediction that bilingual subjects should have lower 

short-term recall scores than monolingual subjects .. 

Consistent with research compiled by Magiste 

(1979, 1980, 1982), the interdependence position appeared 

most tenable and was the basis for predicted outcomes in 

this study.. To test predictions, the Digit Span 

performances of bilingual and monolingual children were 

compared.. The analysis of data obtained in this study, 

however, revealed no significant differences between mean 

Digit Span scores for monolingual and bilingual Mexican

American subjects who were proficient in English. Contrary 

to the prediction, the dual (independent) storage position 

of memory was supported. The hypothesized role of 

bilingual interference was not found to be present in this 

study. There appears to be no interlingual interference on 

the Digit Span task for bilingual children who are 

proficient in English. 

Several plausible reasons which might explain these 

unexpected results are posited. The present study compared 

differential performance on a digit recall task between 

bilingual and monolingual subjects, a1l of whom were rated 

"proficient" on the Language Assessment Scales, a 

standardized measure of English proficiency. In contrast, 

other researchers may not have directly measured or 
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controlled for the level of language proficiency. The more 

restrictive definition of bilingualism that was used in 

this study may have provided for a more accurate comparison 

of memory processes in monolingual and bilingual subjects. 

In contrast, results based on more general definitions of 

bilingualism may reflect differences in linguistic 

competence rather than the effects of interference between 

two languages. 

Attributes of the subjects selected for the present 

investigation might also account for the unexpected resul ts 

obtained in this study. All subjects were selected from 

third grade classes. It is possible that different results 

would be obtained for subjects at different grade or age 

levels. Though the purpose of the present study was to 

investigate bilingual memory processes in Mexican-American 

children, results may vary for children of different 

cuI tural and linguistic backgrounds. 

The second purpose of the present study was to 

examine the possible causal relationship between a child's 

level of English proficiency and his performance on digit 

recall tasks. M~giste (1980) suggested that the level of a 

bilingual child's acquired linguistic knowledge may affect 

his ability to perform on short-term memory tasks. 

Analysis of the data showed a significant direct causal 

effect for English proficiency level on Digit Span 
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performance. These findings are consistent with Magiste's 

contention that memory span is influenced by language 

knowledge. Bilingual subjects in this study who had higher 

English proficiency levels tended to obtain higher Digit 

Span scores. This effect was present for digits forward, 

backward, and combined. However, the effect, though 

significant, accounted for a relatively small amount of the 

variance in Digit Span performance. Other variables not 

accounted for in the model may also contribute to the 

differential performance across proficiency groups. In 

addition, though the causal model included age as a 

variable, the range of ages was narrow. This restricted 

range may have reduced the obtained correlation between age 

and Digit Span, reducing the obtained path coefficients and 

the magnitude of the causal effect. General ability, as 

measured by the Coloured progressive Matrices, was also 

found to have a direct effect on digits forward and digi ts 

combined. As expected r children of higher ability were 

able to recall a greater number of digits forward. 

The third hypothesis in the present investigation 

concerned the role of item familiarity, as measured by a 

number identification task, on digit recall. As discussed 

earlier, Chi (1977) and others (Dempster, 1981; 

Huttenlocher & Burke, 1976) have suggested that item 

familiarity is a major source of memory span variation. 
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According to this view, automaticity in the identification 

process is directly related to processing efficiency. 

Efficient processing should lead to increased storage 

capacity, which in turn will lead to increased digit 

recall. Research to date has generally supported this 

position (Chi, 19771 MAgiste, 1980). The present study, 

however, found no significant direct association between 

number identification and digit recall. This lack of 

association cannot be easily explained. Unlike Mlgiste' 5 

(1980) study, item familiarity and digit recall were 

directly compared in the present study. Mlgiste (1980) 

found that bilingualism affected item identification and 

memory span. She did not, however, analyze the effects of 

item identification on digit recall directly. The current 

findings do not suggest the presence of a relationship 

between item identification and memory span. 

The discrepancy between the present results and 

Chi I s findings of a significant relationship between item 

familiarity and memory span might be due to the inclusion 

of bilingual children in the present study and not in the 

latter. Chi I S results suggested that speed of information 

processing was a significant factor in memory span. She 

based her conclusions on memory research with five-year-old 

children and college students using a visual identification 

task. By manipulating exposure time, Chi was able to 
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experimentally demonstrate the effects of item familiarity 

on memory span. The failure of the present study to find a 

similar relationship might have been due to the inclusion 

of bilingual and non-proficient English speakers as well as 

the use of an auditory, rather than a visual, memory task. 

The possible differential performance of subjects 

on the digits forward and digits backward tasks was also 

explored. In all analyses, variables included in the model 

accounted for more of the variance in digits forward than 

in digits backward. This was most evident for the variable 

of ability. This differential effect may reflect the 

influence of language background on digit recall 

performance. 

Resul ts of the present study found a slightly 

negative association between age and digit recall. The 

magnitudes of the correlations were small. The prevailing 

finding in other investigations has been that age and digit 

recall length are positively associated (Chi, 1977; 

Wechsler, 1958). The sampling procedure used in the 

present study may account for this lack of association. 

The age range of the subjects was narrow, limited to third 

grade children. In addition, the sample was limited to 

third grade students rather than to a specific age group 

(e.g., 8-year-olds). It is possible that the oldest 

children in the study were those who perform poorly in 



school (i.e., they may have repeated a school grade). 

Consequently, a negative correlation between age and 

general ability for those children would occur, thus 

reducing the magnitude of the association between age and 

digi t recall length in general. 
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A primary interest of the present paper concerned 

the appropriateness of the use of the digit recall task as 

a measure of short-term auditory memory in Mexican-American 

bilingual children. Evidence and theory on the 

hypothesized affects of bilingual interference suggested 

possible bias when digit recall is used to assess memory 

span in bilingual populations. Results from the present 

investigation provide relevant information on this issue. 

Present findings do not support the position that 

interference is created when children who speak two 

languages process auditory information. Instead, current 

findings show that when bilingual students are proficient 

in the language of test administration, they perform 

comparably to children who speak only one language. 

Appendix D shows the means for each group of subjects as 

well as normative data collected by Wechsler (1974) for 

digits combined and Gardner (1981) for digits forward and 

digits backward. Bilingual Mexican-American subjects who 

were proficient in English performed comparable to the 

subjects I data provided by Wechsler for digits combined. 
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Since current findings also reveal a direct causal 

link between English proficiency level and digit recall 

performance, the prior determination of English proficiency 

is critical to the valid measurement of short-term memory. 

The determination of proficiency should be accomplished 

through the administration of a standardized language 

proficiency measure. Determination of language proficiency 

based on anecdotal information alone (e.g., number of years 

of exposure to the second language) may be insufficient and 

may lead to improper use and interpretation of the digit 

recall task. 



APPENDIX A 

PARENT PERMISSION FORMS 

Wri tten parental permission was obtained for each 

child prior to testing. Eguivalent English and Spanish 

forms were printed back to back. 
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Dl=ar Parent/CiJardian. 

Your child is being offered the opportunity 10 participate in a study 
dtlsigned to i11'pl'ove our understanding of the relationllhip between language iIZld 
II'I!IJDry. The study Is btling conducted by a dcx:toral candidate in the Fducational 
Psychology Departlll!nt at the University of Arizona and has been approved by your 
liehool district and principal. The study bas been evaluated by a panel of 
researcher5 and detenninlld to be of -no risk" to participants. The 1lilJJZ6 of 
children will not be used in any written or oral presentation of the Study'lS 
findings. 

Please conplete the infornutlon at the bottan of the page giving your 
pennission for your child to participate In IhilS activity. If yeLl have. any 
qut;6tJonS aboul Ihls project, please call Ill! al 577-1160. 

Thank yeLl for your consideration regarding your child's participation in 
this study. Your cooperation in this project is very IDICh appreciated. 

Sincerely. 

IL~')I_..( 
Richard Burch, Ed. S. 
Doctoral Candidate 

'Ihe nature and purpose of the study have been satis!actorlly explained to JIll and 
I give II1i consent: 

I) for my chi Id to be individually tested on: a) ont test of III!IIOry: b) one 
test of non-verbal aptitude; and c.) one test of nl.l1ber recognition. Testing 
will be conpleh.d at my child'6 6~hool and take approxinateiy Ihirtyminutes 
!rc:rnela6stillE. 

Z) for Richard Burch. Projed Director, to review my child's curulative file to 
obtain student infornution. 

Sludenl'6~ Parent/Qqrdian Signatul"l! 

School "' .. 
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PERMISJ DE PA£EE!1UI'OR 

O .. u,rido Padre/Tutor 

Ofrl!cemos la Dportunidad a su nino/nina de participaT en un estudio 
designado para rrejorar nu~stro eonocimiellio cit:! la relacion entre lenguaje y 
IIJ:!Jroria. EI estudio sera/dirigido por un candidato para el doctorado en el 
dt<partaITllnto de psicolog(a I:!ducacional en la universidad de Arizona y fue; 
aprovado p:lT su districto de escu",las y su principal. EI estudio fue ... alorado 
por un panel de investir,adores y drolerminado sin "ningun Tiesllo" a los 
participanles. Los noobl"f;s de los ninos no seran usados en ninguna 
pT",s~ntacion. eserita 0 oral, toeanl", los resultados eld estudio. 

Por favor cmple!e la infomBciO'n en el fondo de la ~gina ciancio su penniso 
para que su nino/nina part ic ipe en esta actividad. Si liene pregunta5 tocante 
este proyec.to, por favor llam:; ill nlJlllro 577-1160. 

Gracias por su consideracirin tocante Iii partkipacitn de su ni'no/ni-;:;iI en 
este Iostudio. Su cooperacion en este proyecto \;s rwy apreciada. 

Sincer;urente, 

Richard Burch, Ed. S. 
Clndicla.to Doctoral 

EI proposi to del estudio se ha sido expl icado sat isfactoriilIrente y doy mi 
consentimiento: 

I) para que den eXilllEn individuo a mi !liii'a/nina en: iI) un e)rnlll de IreIlDria: 
b) un exarren de aptitud qu~ no es verbal; y c) un eXilIren de conocimiento de 
n;n.,ros. El e:xarren serf catpletado en la escuela de mi nino/nina y tCITBra" 
apro:xirmd;urente treinta minutos del timpo de clase. 

2) ~ra g,ue ~!.chard Burch, director del proyecto, revise la fila c\ITI.lla!ive de 
mJ nino/nJna para obtener infonmcion dt!! estudJante. 

Noobre del Estudiante FirnB del Padre/Tutor 

E5tU~la Fecha 

70 



APPENDIX B 

NUMBER IDENTIFICATION 

22 26 77 46 

16 23 48 24 

42 68 85 30 

98 18 59 63 

12 86 90 28 

96 69 34 92 

36 54 38 13 

17 70 27 80 

41 64 44 37 

51 66 83 14 
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APPENDIX C 

Means and Standard Deviations for Group I Subjects 

Digi ts Forward 

Digi ts Backward 

Digi ts Combined 

Mean Standard Deviation 

4.24 

3.40 

7.64 

72 

1. 74 

.95 

1. 85 



APPENDIX D 

Comparisons of Obtained Means with Normative Data 
Provided by Wechsler (1974) and Gardner (19B1) 

Group Obtained Wechsler Gardner 
Means Means Means 

Digits Forward 

4.24 NA 6.39 

II 5.00 NA 6.69 

III 5.44 NA 6.69 

IV 5. BB NA 6.39 

Digits Backward 

3.40 NA 3.94 

II 3. BB NA 3.94 

III 3.76 NA 3.94 

IV 4.42 NA 3.94 

Digits Combined 

7.64 9.B3 NA 

II B. BB 9.B3 NA 

III 9.21 9.B3 NA 

IV 10.31 9. B3 NA 
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