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ABSTRACT 

Two hierarchical regressions were posed to examine the 

relative contribution of several predictor variables on 

retention test performance. The retention test encompassed 

content from a beginning graduate level statistics class. 

Cross-sectional methodology was employed to include students 

who had taken the course sometime during a twenty-two year 

interval. This study had a unique opportunity to examine 

long term remembering in an ecological setting where the 

content area and the teaching had been stable. 

Grade, from the original course, was the strongest 

predictor in both hierarchical models. Other independent 

variables which had significant impact on retention test 

performance were number of continuing classes in statistics 

and number of classes in research design and methodology. 

Rehearsal frequency as well as rehearsal recency were 

significant predictors. The level of original learning and 

what one does during the retention interval are more 

important than the length of the interval itself. 

The effect of spaced vs. mass practice, as defined by 

the length of the acquisition interval, was examined. 

Subjects who took the course over a 15 week semester session 

outperformed subjects who had the 5 week summer session .. 
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In this study, the rate of decline was affected by the 

subject's age at the time of the retention test. This 

indicates increasingly rapid forgetting during adult 

development and has implications for the maintenance of 

marginal knowledge. 



CHAPTER 1 

INTRODUCTION TO THE PROBLEM 

12 

A widespread belief exists that little remains of 

learning gained in schools (Bower, 1992). In a study 

conducted by Conway, Cohen, and stanhope (1991) most 

subjects believed that what they learned in school was lost 

after seven years. In contrast, Conway and his colleagues 

(1991) concluded that "acquired knowledge may influence 

behavior even when an individual is unaware of having 

retained that knowledge" (p.408). 

The amount of learning gained in schools that is 

retained over time is an important issue for educators, 

students, and society at large. In fact, the importance of 

memory research to education seems self evident. A primary 

goal of education is to enable the learner to retain the 

information which he/she is learning. Yet according to 

Neisser (1988), psychologists still know relatively little 

"about the fate of knowledge acquired in school. "(p.1). 

Bahrick (1988) cited this failure to investigate long term 

retention as rendering memory research irrelevant to 

education. Therefore, the current study was conducted to 

examine long term retention of statistics knowledge gained 

in a graduate school population. 
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That memory research has contributed little to 

understanding the outcome of education seems surprising in 

view of the length of time studies in memory have been 

conducted. In 1885, Ebbinghaus described the results of 

experiments which were unique for his time in that he 

discontinued use of introspection, attempting to objectively 

measure memory; utilized nonsense syllables as a medium to 

"guarantee" new material to be learned; and used statistical 

techniques to test the significance of his findings. 

Ebbinghaus created a scientific, laboratory-oriented 

base from which to measure memory. Failure to focus on long 

term memory for knowledge learned in schools is linked to 

the laboratory base of memory research. Inspection of 

memory research history reveals an emphasis on laboratory 

studies which focus on memory for episodic events and on 

manipulating the acquisition phase of learning, then 

examining consequent short term retention. (Bahrick, 1975; 

Neisser, 1978; Baddeley & wilkins, 1984; Loftus, 1991; 

Conway, 1991; Ceci & Brofenbrenner, 1991). 

Although the literature is replete with studies of 

laboratory learning and retention, few researchers have 

examined the long term retention of meaningful learning. An 

exception is Bahrick and his colleagues who directed much of 

their research to understanding long term retention of 

semantic knowledge (Bahrick, Bahrick, & Wittlinger, 1975; 
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Bahrick, 1984a; Bahrick, 1984b; Bahrick & Phelps, 1987; 

Bahrick & Hall, 1991). Bahrick, Bahrick, and wittlinger 

(1975) described the difficulties encountered by researchers 

wishing to study long term retention. Of primary concern 

was the choice of methodology. 

A cross-sectional design is amenable to ecologically 

relevant research. However, a cross-sectional approach does 

not permit the manipulation of independent variables 

(Bahrick & Phelps, 1988) and control over the initial 

learning situation might be lost. Therefore, conseque~t 

variations in original learning may have been systematic. 

In the event systematic differences existed, the researcher 

was not necessarily aware of these differences and altered 

results could have occurred. 

In response to this criticism Bahrick (1982) stated 

that it was appropriate "to sacrifice some control over 

critical variables in order to investigate ecologically 

important phenomena that would otherwise be neglected" 

(p.428). In 1975, Bahrick used a cross-sectional approach 

and outlined the rationale for choosing this design. 

For this approach to be valid the acquisition phase of 

learning must be similar (Neisser, 1984: Bahrick, 1984: 

Bahrick & Hall, 1991). When systematic differences exist, 

"it affects results to the extent that the uncontrolled 

variables correlate with the dependent measure" (Bahrick, 



Bahrick, & wittlinger, 1975, p.56). If systematic 

differences can be determined, they can then be 

statistically controlled. 

original Learning 

Grade 

15 

Bahrick found that differences in original learning 

created systematic differences on the dependent measure 

(Bahrick, Bahrick, & Wittlinger, 1975; Bahrick, 1979; 

Bahrick, 1984; Bahrick & Hall, 1991). For example, subjects 

receiving A's in the acquisition phase of learning can 

perform at a higher level than subjects receiving C's. 

Finding a higher performance level for individuals who 

performed at a higher level to begin with does not reflect a 

change in retention. That is, students who received an A in 

their coursework demonstrated greater knowledge over long 

periods of time, however, this greater knowledge was due to 

greater original knowledge and not to enhanced retention of 

information. Original knowledge level, reflected by the 

grade received in the acquisition phase of learning, needed 

to be identified and its effects examined. 

Amount of Coursework 

Another factor which affected the level of original 

learning was the number of courses taken in a content area 

(Bahrick, 1984b; Bahrick & Hall, 1991). Bahrick & Hall 

examined the length of time spent acquiring knowledge and 
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determined, "When the acquisition period extends over 

several years, • • 0 the performance level at the end of 

training is retained for more than fifty years, even for 

participants who report no significant additional rehearsal 

during this long period" (1991, p.30). 

In some studies, as in Bahrick and Hall's (1991) study, 

length of acquisition was equated with the number of classes 

taken in the subject. Further coursework in statistics can 

act as reinforcement of learning gained in the initial 

course or can offer an opportunity for relearning. In the 

same way, coursework in research design might reinforce some 

concepts initially learned in statistics. 

Length of Acquisition 

Another variable affecting original learning was the 

length of the acquisition phase. Length of acquisition in 

this study varied from a 5 week summer session to 15 weeks 

for students who took the course during the semester 

session. 

Rehearsal 

Although the study on retention of Spanish revealed no 

rehearsal effects, Bahrick (1984b) identified rehearsal as a 

significant independent variable. Bahrick concluded the 

lack of rehearsal effect was most likely due to a lack of 

rehearsal opportunity for the majority of subjects (1984b). 

This finding provided evidence for the significantly large 



amount of knowledge retained even in the face of no 

rehearsal. 
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In a later study which exami~ed life time retention of 

high school algebra, Bahrick and Hall stated, "Most 

knowledge remains accessible only if it is periodically 

rehearsed or used. Some aspects of knowledge appear to be 

so well learned, however, that access is maintained for 

decades or for the entire life span without further 

rehearsals" (Bahrick & Hall, 1991, p.20). The relative 

contribution of varying rehearsal opportunities continues to 

be uncertain. 

Age 

Many of Bahrick's studies examined long term retention 

of the knowledge gained in formal educational programs 

(Bahrick, 1984; Bahrick & Phelps, 1988; Bahrick & Hall, 

1991). The subjects in these studies were at different ages 

at the time of testing; however, age at the time of 

acquisition was similar. Bahrick (1984a) reflected on the 

inherent confounding, in most studies, of the age of the 

memory trace and the age of the individual. When subjects 

were at similar ages at the time of acquisition, the age of 

the memory trace was the same as the age group in which each 

subject was a member. When, however, age of the memory 

trace was not confounded with the age of the individual, 

caution must be exercised in the interpretation of the 

---------- -------
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study. That is, in studies where individuals were at 

different ages during acquisition, original learning was not 

always held to criterion and therefore conclusions about 

retention are difficult to make. For example, Warrington 

and Sanders (1971) found older subjects retained less than 

younger subjects. If older subjects were different in rate 

of learning and original learning was not held to criterion 

for the groups, then the differences in retention may have 

reflected differences in original learning. 

Summary 

The design for long term memory research described by 

Bahrick and Karis (1982) specified controlling for 

systematic differences in original learning prior to 

examining the effects of other variables. Variables which 

identified level of original learning included the grade 

received in the course, the number of courses taken in the 

same content area, and the number of courses taken in a 

related content area. As in the case of the grade received, 

a student who did not learn the information to begin with 

should not be expected to know the information 22 years 

later. The concept that original learning needed to be 

controlled first before the variance was examined for 

alternative explanations, has its roots in traditional 

laboratory methods for memory research. 
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An alternative view was to examine the most recent 

events and the impact of more current events first. Further 

educational and/or experiential opportunities may have had a 

significant impact on test performance and the effects of 

the recent events may have been obliterated because original 

learning effects were addressed first. That is, test 

performance may have had more to do with recent occurrences 

than with events that happened in the past. Recent events 

could be found in variables measuring rehearsal frequency 

and rehearsal recency. 

In the present study, variance in the dependent measure 

was examined from two alternative theoretical perspectives. 

This provided an opportunity to examine that which might 

have been missed when original learning variables were 

entered first in the regression equation. By this method, 

the effect of specific variables on long term retention was 

identified. 

statement of the Problem 

The purpose of this study was to examine the effect of 

several predictor variables on retention test performance. 

The predictor variables identified from the literature, 

included factors which may have had an effect on original 

learning: grade, number of classes taken in the content 

area, number of classes taken in a related content area, and 

the length of the acquisition period. other predictor 

---_ ...... _ ... ---
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variables included the subject's sex, age at the time of 

acquisition, the retention interval, recency of coursework, 

rehearsal frequency, rehearsal recency, and current age. 

The interactions of grade and age, grade and retention 

interval, and current age and retention interval were 

examinedu Semantic retention was defined as the subject's 

performance on a statistics test. 

This research was aimed at confirming and extending 

Bahrick's findings in another content area, that of 

statistics. This study expanded Bahrick's work in the 

following ways: (1) subjects in this study were at different 

ages at the time of acquisition, (2) subjects were all 

taught by the same professor using highly similar 

objectives, content, and evaluative procedures, (3) teaching 

occurred in both 5 week summer sessions and 15 week semester 

sessions which allowed for a comparison concerning the 

length of the acquisition phase. 

This research examined the effect of the independent 

variables on retention test performance from the perspective 

of two different theoretical positions. Analysis of 

variance of the memory model offered by Bahrick (Bahrick & 

Karis, 1982) was compared to the temporal model. The 

relative contribution of the independent variables were 

revealed. The following questions were addressed. 



Research questions which were related to the Retention 

Interval. 

1. Is retention interval a significant factor in 

retention test performance? 
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2. How much of the initial learning in statistics do 

subjects retain over time? 

3. How does coursework recency relate to retention 

test performance? Is the recency of coursework 

more helpful than the retention interval in 

predicting performance on the retention test? 

4. Do these findings support Bahrick (1984b) and 

Bahrick and Hall's (1991) non-linear forgetting 

findings? 

Research questions focused on differences in original 

learning. 

5. How does grade, in the original course, impact on 

retention test performance and therefore on 

semantic retention? 

6. Is the rate of decline the same for groups with 

different levels of original learning as measured 

by the course grade? 

7. How do the number of subsequent statistics classes 

impact on retention test performance? 

8. How do the number of classes in the related area 
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of research design and methods impact on retention 

test performance? 

9. Does the length of the acquisition phase affect 

retention test performance? Is there any reason 

to believe these populations may be different? 

That is, is it possible that students who take a 

summer course in statistics are different than 

students who take a semester course? 

Research questions which concerned rehearsal. 

10. Does amount of rehearsal (rehearsal frequency) 

influence performance on the retention test? 

11. Does rehearsal recency impact on retention test 

performance? 

Research questions about age effects. 

12. Is the rate of decline greater for older subjects? 

13. Does the subject's age at the titne of testing 

affect performance on the retention test? 

14. Does the subject's age at the time of acquisition 

affect the amount of knowledge retained? 

A question about the effect of gender differences. 

15. Does gender have an effect on retention test 

performance? 

Definition of Terms 

Acquisition Phase - refers to the length of time in 

which learning occurs. Bahrick and Phelps (1991) included 



the total number of algebra courses as the length of 

acquisition in algebra. This study identified the 

acquisition phase as a summer session of 5 weeks or a 

semester session of 15 weeks. 

CUed Recall - remembering when a hint or cue is 

available from the setting. 

Episodic Memory - is a distinction made by Munsat 

(1966) and later Tulving (1972) identifying content 

organized around events in one's day to day life. 

Everyday Memory Research - research which is 

"naturalistic or realistic, or related to everyday 

experience" (West & Sinnott, 1992). 

Learning - Registering and storing information 

(Baddeley, ,1990, p.7) 

Marginal Knowledge - that knowledge we once knew but 

cannot now recall on a test of memory. 
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Original Learning - refers to how well the information 

under investigation was initially learned. The grade in the 

beginning statistics course was taken as an indication of 

original learning. Other factors which may affect original 

learning included the number of statistics courses taken as 

well as the number of research courses taken. 

Recall - is remembering without the benefit of cues or 

aids. It has been suggested that if a subject can recall 

information then that subject has both stored the 



information and can retrieve the information (Baddeley, 

1991). 
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Recognition - having the ability to pick out the right 

answer. If the subject can recognize the "right answer", 

then the subject has previously stored the information. If 

a subject can recognize but not recall information then it 

has been argued the information was stored but is not 

available for retrieval (Howe & Hunter, 1986). 

Rehearsal - referred to the opportunity for the initial 

learning to be repeated. Rehearsal opportunities exist in 

the form of employment or life experiences. 

Retention Interval - length of time between the end of 

acquisition and testing. 

semantic Knowledge - general information or information 

learned in academic settings. 

semantic Memory - a distinction made by Tulving (1972) 

for a content which was organized around knowledge and 

general information. Information in semantic memory is 

generic, not applying to a specific instance. 

semantic Re~ention - subject's performance on a 

statistics test. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Long term retention of semantic knowledge gained in 

academic settings has been virtually ignored as an area of 

research (Neisser, 1978: Bahrick, 1984). The lack of 

research interest in remembering facts and concepts learned 

in schools is tied to a misunderstanding of the potential 

contributions of ecological studies. The prevailing 

attitude in psychology has been one which favors the high 

rigor and control supposedly available for studies conducted 

in the laboratory. 

Everyday Memory Research 

Everyday memory research was the conceptual grounding 

for this study. Some have argued that accurate memory 

research findings can only be uncovered in a laboratory 

setting (Banaji & Crowder, 1989). This belief may have 

limited the number of studies which have been undertaken in 

an ecological setting. 

In January of 1991, the American Psychologist devoted a 

portion of the journal to a discussion about the nature and 

value of everyday memory research. These articles were 

solicited in response to a prior published opinion that 

ecological methods are not scientific. Banaji and Crowder 

(1989) considered the everyday memory movement to be a 
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threat to the genuine scientific research that is undertaken 

in laboratories. Banaji and Crowder (1989) specifically 

claimed a lack of generalizability for ecological studies. 

Generallzability is the ability to generalize research 

findings from one setting and sample to other settings and 

other samples that are presumably from the same population. 

Therefore, generalizability does not relate to an assumption 

of inherent superiority for the laboratory setting. In 

fact, if the research is directed at understanding that 

which occurs in "real life" then it makes sense to conduct 

the study in a "real life" setting (Baddeley & Wilkins, 

1984). 

Banaji and Crowder (1989) did, however, express a 

concern generating from the research community that started 

with Neisser's talk in Britain a decade earlier (Loftus, 

1991). The talk was entitled, "Practical Applications of 

Memory" (cited in Loftus, 1991). The everyday memory 

movement is based on the idea that context affects 

psychological phenomenon including findings from memory 

research. In fact, context in everyday learning situations, 

like that found in academic settings, can profoundly affect 

the amount of information retained over the life span (ceci 

& Bronfenbrenner, 1991). 

There are many examples of how laboratory findings 

differed from findings obtained in an ecological setting. 
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To cite one, Ceci and Bronfenbrenner (1991) referred to a 

study on the influence of context for children making 

decisions about doneness while baking cupcakes. "In the 

lab, children checked the clock approximately 30% more often 

than did their peers in their own homes" (p.29). They noted 

that the distribution of clock checking frequency varied 

significantly depending on the context. 

The consensus of many in the field of memory research 

is that laboratory methods and naturalistic methods are 

complementary. In addition, although long term remembering 

can be studied using laboratory methods, the nature of 

retaining complex knowledge gained from "real life" settings 

cannot easily be simulated in the laboratory (Bahrick & 

Karis, 1982). 

Laboratory settings do not contain the rich diversity 

found in the natural environment. Some variables which were 

restricted in a laboratory setting included the range of 

learning materials, motivational conditions, and context 

effects (Bahrick, Bahrick, & Wittlinger, 1975). Conway 

(1991) specifically addressed intentionality of human 

memory. Intentionality was another factor which might have 

differed in the laboratory vs. the natural setting. 

In addition, educational researchers have not 

undertaken investigations into the long term remembering of 

--------------------
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facts and concepts learned in classrooms. Semb and Ellis 

(1992) claimed retention studies have been conducted but are 

not readily accessed because they are found in content area 

journals. These studies have not examined the very long 

term retention of knowledge gained in school. 

Some of the confusion may have resulted from calling 

studies long term when "the retention interval exceeds 30 

sec" (Bahrick & Karis, 1982, p. 428). In a study by Halpin 

and Halpin (1982), and cited by Semb and Ellis (1991) as an 

example of a long term memory study, retention of content 

was tested six weeks after the experimental manipulation. 

with few exceptions, long term retention defined by 

intervals of twenty to seventy years were not undertaken. 

Long Term Semantic Retention 

Bahrick and his colleagues conducted studies on long 

term retention of semantic knowledge (Bahrick, Bahrick, & 

Wittlinger, 1975; Bahrick, 1984a; Bahrick, 1984b; Bahrick & 

Phelps, 1987; Bahrick & Hall, 1991). Bahrick, Bahrick, and 

Wittlinger (1975) looked at memory for names and faces of 

high school classmates. The retention interval varied from 

two weeks to fifty-seven years. 

Bahrick, et.al. (1975), found that the identification 

and matching of names and faces were about 90% accurate for 

as long as 25 years. Performance then slowly decreased over 

the next 25 years. They uncovered different results by 



basing the study in a natural setting. Bahrick and his 

colleagues (1975) stated, 

Retention curves for recognition performance that 

show much greater information loss for 

comparatively short time spans are typically 

obtained for meaningless verbal material learned 

during short, massed-practice laboratory session 

(p. 66). 
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Finding a period of stability in remembering prompted 

Bahrick to conclude that knowledge can be permanent, stored 

in what he referred to as "permastore". Permastore is the 

essence of the information retained for fifty years or more. 

Bahrick used the term "permastore" as analogous to the 

permafrost line in arctic regions where a demarcation exists 

between the area which remains frozen from the area which 

thaws and refreezes. Permastore, as an indicant of long 

term retention, was greater than that which had been shown 

in laboratory stUdies (Bahrick, 1984b). 

He disclaimed any implication of structural changes. 

Rather Bahrick (1984b) stated that use of the term 

permastore "refers to the finding that much of the 

information in memory has a life span of several decades" 

(p. 24). For knowledge to become a part of permastore the 

acquisition phase must extend over an extensive period 

(Bahrick, 1984a). 



In a response, Neisser (1984) disputed the literal 

implications of Bahrick's description of the term, 

permastore. Although Neisser applauded Bahrick's work, he 

felt that verification of long term memory did not lead to 

an assumption of precise memories of actual content. 

Neisser (1984) believed people may develop schemas which 

allow them to answer correctly even 50 years after 

acquisition. 
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Conway, Cohen, and stanhope (1991) designed a study 

specifically addressing the type of knowledge which is 

remembered over the long term. Conway and his colleagues 

believed that if Neisser (1984) was correct then conceptual 

knowledge should show improved retention as opposed to "more 

detailed, less schema-central, domain knowledge" (1991, 

p.396). 

Conway, Cohen, and stanhope (1991) tested students who 

had taken a cognitive psychology class. They used samples 

of students from each of 12 years. They included five 

content areas which were part of the initial course. One of 

the content areas was research methods. 

The retention of concepts from this section of the 

course remained high throughout the 12 year interval. 

Conway, Cohen, and Stanhope (1991) attributed this finding 

to the extremely structured nature of the material. They 

felt the strong organizational presentation may have 
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assisted the student's ability to form a schematic 

representation of the content area. Conway et al. (1991) 

offered three other possible explanations for this finding: 

Second, students carried out a number of 

experimental projects,' and so research methods 

were undoubtedly covered more frequently than 

other areas. Third, as students were required to 

apply their !~owledge of research methods in their 

coursework experimental projects, it is possible 

some aspects of this knowledge became 

proceduralized,. • Fourth, this was the one 

area of the course that had some overlap with 

other courses taken in previous years, and it is 

possible that this prior exposure may have 

influenced the high levels of long-term retention 

for research methods (p.407). 

In other content areas, Conway, Cohen, and Stanhope (1991) 

found initial losses of conceptual knowledge and yet long 

term retention of names. Both of these findings were 

inconsistent with a strong schematic view of memory. In 

addition, the subjects remembered general knowledge, but not 

in the form of abstract schema. They specifically pointed 

to the poor performance of the subjects for memory of 

conceptual relations. Conway, Cohen, and Stanhope (1991) 

concluded that "original knowledge structures formed by the 
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students were, prim~rily, highly specific and detailed 

rather than abs·tract and relational" (p.408). Students 

retained a significant amount of specific knowledge. 

Therefore, "knowledge was retrieved from memory rather than 

reconstructed by schemata" (Conway, Cohen, & stanhope, 1991, 

p. 409). 

In a study undertaken by Linton (1988), using a 

technique reminiscent of Ebbinghaus (1885), results were 

obtained that were compatible with a reconstructive view of 

memory. That is, Linton's (1988) remembered items off a 

rotely learned list were recalled in a reconstructed order. 

Additionally, she found a scheme of organization rather than 

one of difficulty (Linton, 1988). Her findings were 

consistent with scheme-based learning. On the other hand, 

Bahrick, Wellman, and Hall (1988) who examined the speed of 

learning of English-spanish word pairs, found prior learning 

impacted on speed of acquisition of old words but not on the 

learning of new Spanish vocabulary. These findings were 

inconsistent with an restrictive view of scheme based memory 

processes. Bahrick, Wellman, and Hall (1988) concluded that 

these findings were consistent with both scheme and simple 

associative processes working in long term retention of 

semantic knowledge. 

Whatever the underlying memory process, long term 

retention of semantic knowledge was indicated by the results 
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obtained by Bahrick and others (Bahrick, Bahrick, & 

Wittlinger, 1975; Bahrick, 1984a; Bahrick, 1934b; Bahrick & 

Phelps, 1988; Bahrick & Hall, 1991; Conway, Cohen, & 

stanhope, 1991; squire, 1989). Bahrick (1984b) found that 

Spanish learned in high school could be recognized at an 

eighty percent level throughout the life span. He stated, 

"The most noteworthy finding of this investigation is almost 

certainly the fact that a very large amount of information 

is maintained in permastore under conditions of minimal 

rehearsal" (1934, p.23). 

In yet another study, Bahrick (1984a) found that 

professors showed recognition losses for students who were 

in their class for a period of 10 weeks. However, even in 

this study recognition of the names of former stUdents 

remained high. The lacJc of picture cued retention may be 

related to the shortened length of acquisition (Bahrick, 

1991). Length of acquisition is discussed again later. 

However, what is known is that remembering previously known 

facts and concepts is not automatic. 

In 1991, Bahrick and Hall published the results of a 

study which examined long term retention of high school 

algebra and geometry. They found that remembering high 

school algebra had more to do with how well the content was 

learned initially than the retention interval itself. If 

the subject had taken mathematics at or above the level of 
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calculus, memory for high school algebra showed minimal 

losses over the life span. Therefore, although the 

retention interval was important, it was shown that other 

factors may play a significant role in determining retention 

of knowledge gained in classrooms. 

original Learning 

Several variables impacted on remembering original 

learning. First among them was the grade received. Number 

of continuing and related courses were also important 

considerations in the assessment of original learning. The 

predictor variables in this study included the grade 

received, number of additional courses in statistics, and 

number of courses in research design and methodology. 

Level of Original Learning-Grade 

Level of original learning, as demonstrated through the 

final grade, was an important consideration and one which 

needed to be assessed and possibly controlled. Bahrick and 

Hall (1991) and Bahrick (1984b) found that subjects who 

earned A's during the acquisition phase were able to 

demonstrate greater knowledge on tes·ts of memory. However, 

many writers confused the higher performance of the A 

student with evidence of greater retention (Semb & Ellis, 

1992). In fact, the A student demonstrated greater 

knowledge but the level of knowing was, for example, still 



80% of that which was originally learned, just as the C 

student retained 80% of that which was originally learned. 
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Bahrick and Hall found that "grades reflect substantial 

differences of original knowledge and that they continue to 

have a substantial effect on performance throughout the 50-

year interval" (1991, p. 24). However, Bahrick and Hall 

(1991) did not find an interaction between grade and 

retention interval. That is, the rate of decline of test 

performance was not affected by the grade the subject had 

received in the course. 

In contrast, Conway, Cohen, and stanhope (1991) found 

grade had little effect on retention test performance. 

Conway, Cohen, and stanhope (1991) did not include subjects 

who chose to continue in the field under investigation. It 

is possible they eliminated the A or level 1 students from 

the sample and consequently restricted the range of subjects 

on this measure. 

Number of Continuing Classes 

Bahrick (1984b) found the number of classes in Spanish 

was significantly correlated with all variables used to 

measure reten'tion. This finding was also verified in a 

later study on the retention of high school algebra where 

subjects showed minimal retention losses if coursework had 

been taken at or beyond calculUS (Bahrick & Hall, 1991). 

------------------
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Number of Related Classes 

Bahrick (1984b) found the level of training in other 

Romance languages significantly affected retention of 

Spanish. The level of training in related coursework was an 

important variable in the amount of knowledge retained. 

In summary, Bahrick, Bahrick, and Wittlinger (1975), 

reported a high degree of stability for recognition memory 

over the retention period. Bahrick and his colleagues 

attributed this high level of performance to the effect of 

over-learning. Overlearning was indexed by receiving a high 

grade, taking several courses beyond the initial course, and 

taking coursework in related fields. 

Length of Acquisition 

In a later study, Bahrick (1984b), stated that a high 

level of performance was related to the level of knowing 

reached during the acquisition phase. The length of the 

acquisition phase can impact on the level of knowing 

achieved. The length of acquisition in Bahrick and Hall's 

1991 study on remembering high school algebra, included all 

subsequent algebra courses. Whereas, Bahrick and Hall 

(1991) identified length of acquisition as just the length 

of time spent in the initial course when they studied the 

long term retention of geometry. 

Length of acquisition then, has been defined 

differently in different stUdies and sometimes within the 



same published report. Length of acquisition was equated, 

in this study, with the summer session or the semester 

session. The same amount of information was given in both 

sessions. This study had a unique opportunity to examine 

the effect of spaced vs. mass practice. 

spaced vs. Mass Practice 
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Dempster (1988) and Rea and Modigliani (1988) claimed 

the spacing effect, well documented in the literature, was 

not applied. The spacing effect referred to the ability of 

spaced learning sessions to be followed by evidence of 

greater retention than learning which occurred in one 

session. Dempster (1988) stated the spacing effect was 

highly reliable and dramatically affected learning. For 

example, retention was twice as high when learning was 

spaced over two sessions. 

Dempster (1986), examined the effect of lag time in 

rereading passages from text. He found the opportunity to 

reread the passage 48 hours after initial presentation 

provided greater retention than spaced sessions of shorter 

length. 

Laboratory findings which documented the benefits of 

spaced vs. massed practice did not, however, investigate the 

effect in terms of retention over years. The exception was 

Bahrick and Phelps (1987) who investigated the retention of 

spanish vocabulary eight years after laboratory learning 
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sessions differing in length from immediate, 24 hour and 30 

day. Only subjects who received a learning session 30 days 

after the initial session performed acceptably on the 

retention test. 

spaced vs. mass practice has not been examined in the 

context of semester vs. summer session learning. Does 

. learning which occurs during a 5 week summer session vs. a 

15 week semester systematically affect ret~ntion over time? 

According to Dempster (1988) "the theoretical picture 

surrounding the spacing effect is confused and uncertain, 

despite numerous attempts at clarification" (p.631). Until 

the effect of spacing is understood, implementation of the 

spacing concept will not be included in curriculum design. 

Rehearsal 

Rehearsal opportunity was an issue Bahrick, Bahrick, 

and wittlinger (1975) were sensitive to when they included 

questions concerning the strength, frequency, and recency of 

visits to class reunions. Bahrick (1984b) again examined 

the effect of rehearsal on retention of Spanish vocabulary 

and grammatical rules. He found rehearsal activity 

negligible. His findings did not negate the importance of 

rehearsal activity: the findings did show the high level of 

retention even when rehearsal activity was at a minimum. 

Conway, Cohen, and Stanhope (1991) found no rehearsal 

effects, although the sample of subjects they used were 
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chosen because they had not continued in the content area. 

Choosing subjects who were known to have no further 

involvement in the content area may have precluded the 

possibility of finding rehearsal effects. Bahrick and Hall 

(1991) also found no rehearsal effects and yet they 

concluded, "Most knowledge remains accessible only if it is 

periodically rehearsed or used" (p.20). 

To assess rehearsal activity Bahrick and Hall (1991) 

used a three point scale. The scale was intended to 

evaluate the potential contribution of differing rehearsal 

activities on retention. In the case of algebra and 

geometry, they identified activities such as tutoring 

students in algebra or geometry as highly relevant, tutoring 

students in related but different subject areas such as 

chemistry as intermediate in relevancy and balancing a check 

book, low relevancy. occupations were also rated on a three 

point scale. Highly relevant included teaching mathematics, 

medium, chemist and low, nurse. The rehearsal variables 

that were calculated were based on relevancy and frequency. 

Bahrick and Hall (1991) then scaled subjects 0 to 5 on 

rehearsal. 

Those who reported no rehearsals were assigned 

zero on the scale: those who reported only 

activities or occupations of low or intermediate 

relevance were assigned a 1: those who reported 



highly relevant activities were assigned a 2 if 

they engaged in these activities 5 or fewer hours 

per year, a 3 for 6 to 100 hours per year, and a 4 

for more than 100 hours per year. Those whose 

profession involved the continuous performance of 

highly relevant activities were assigned a 5 

(p.22) • 
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They then prepared a second rehearsal scale based on recency 

of contact with algebra and geometry. They used a fraction 

of recency in months over retention interval to calculate 

the recency scale. 

Rehearsal Effects on Marginal Knowledge 

Bahrick and Phelps (1988) examined rehearsal and the 

effect of rehearsal on marginal knowledge. Marginal 

knowledge is that knowledge which the individual has learned 

but cannot now recall. Bahrick (1988) viewed marginal 

knowledge as a frequent consequence of most formal education 

programs. "Much of the knowledge acquired • • • is 

partially, but not completely, forgotten" (p.180). Bahrick 

cited rehearsal as important to the maintenance of 

knowledge. 

Bahrick and Phelps (1988) found that "relearning of 

marginal material is faster than initial learning of 

material of comparable difficulty" (p. 187). Ebbinghaus 

(1885) also found savings in relearning. 
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Bahrick and Phelps' (1988) study included a feeling of 

knowing scale which provided evidence that the subject can 

be unaware of marginal knowledge yet still benefit from 

prior learning. The same results were obtained by Conway, 

Cohen, and stanhope (1991) who found subjects performed 

significantly above chance even when the subject's 

confidence in the responses was low. 

Summary of the Influence of the Predictor Variables 

The results of the regression analysis in the study on 

long term retention of algebra and geometry revealed a 

correlation of .39 on the time variable (Bahrick & Hall, 

1991). When all the independent variables were added the 

predictive opportunity of the multiple R was .81 (1991). 

The high predictability of retention of high school 

mathematics was greater than that which had been found in 

retention of language and names and pictures of former 

classmates (Bahrick, Bahrick, & Wittlinger, 1975: Bahrick, 

1984). Bahrick and Hall (1991) concluded the higher level 

of predictability may have been related to the greater 

reliability of the instrument used to measure the dependent 

variable. 

Age Factors 

Researchers who have studied the effects of aging on 

learning and retention have identified differences in the 

speed of encoding (cited in ventis, 1992). Some of these 



researchers examined developmental differences by asking 

subjects to remember word lists (Perlmutter & Mitchell, 

1982). The focus of these studies has been on short term 

retention. 
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Bahrick (1984a) found aging effects on the speed of 

acquisition but not on retention itself. Bahrick (1984a) 

encouraged researchers to hold original learning constant in 

order to examine memory changes due to aging. 

When original learning was systematically different, or 

adequate time for encoding was not given to those who were 

older, it was difficult to say if differences on a retention 

test related to developmental changes. That is, if subjects 

have different levels of original learning, then any 

subsequent differences on the retention test may relate to 

these original differences as opposed to developmental 

changes. 

Another important factor in studies on cognitive 

changes in aging concerned the confounding of age with 

memory span. Age has often been confounded with memory span 

as it was in the study on memory for classmates, memory for 

Spanish learned in schools, and memory for high school 

algebra and geometry (Bahrick, Bahrick, & Wittlinger, 1975; 

Bahrick, 1984b; Bahrick & Hall, 1991). Most high school and 

undergraduate college students are approximately the same 

age. When testing occurred for populations who gained the 
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information at the same time the length of the memory span 

was measured from the same chronological age of the subject. 

Developmental changes are important questions in memory 

research. Many studies which examined the effects of aging 

have been conducted in the laboratory and focused on digit 

span and the rote learning of word lists. Results of these 

studies indicated that paired-associate performance might 

decline 20% to 40% over 50 years (Salthouse, 1982). 

concurrently, studies have indicated that as the memory load 

was increased performance declines as age progresses (cited 

in Salthouse, 1982). The present study offered an 

opportunity to examine the effect of age on retention test 

performance while controlling for differences in original 

learning. Additionally, age in this study was not 

confounded with the length of the memory span. This study 

provided a setting in which identifying naturally occurring 

changes as individuals age was possible. 

Gender 

Gender differences have been documented in research on 

mathematical achievement. Mathematical aptitude may impact 

on the subject's ability to learn and retain statistics. 

Therefore, gender was a potential factor in performance on a 

retention test in statistics. 

--------------------
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Recall vs. Recognition 

Researchers in memory acknowled~e that the degree of 

measurable retention is dependent on the nature of the 

assessing instrument. Bahrick, Bahrick, and Wittlinger 

(1975) found recall and recognition results to be 

independent. Subjects recognized names and faces and could 

match names with faces at a high level for 15 years. Free 

recall and picture cued recall, however, were low at the 

beginning of the retention interval and declined 60 to 70% 

over forty-eight years. Findings similar to Bahrick's have 

been reported by others (Howe & Hunter, 1986). These 

findings were consistent with the view that recognition of 

items was dependent on storage but recall of the item 

required both storage and a more active retrieval process 

(Howe & Hunter, 1986). 

In other work by Glenberg and Kraus (1981), recognition 

items were not found to be prone to recency effects. This 

was not the case for items of a recall nature. The lack of 

recency effects for recognition items may create a smooth 

and gradual loss of information rather than the loss which 

Bahrick (Bahrick, Bahrick, & Wittlinger, 1975; Bahrick, 

1984b; Bahrick & Hall, 1991) described. 

Bahrick's studies (Bahrick, et.al., 1975; Bahrick, 

1984b; Bahrick & Hall, 1991) have found a discontinuous 

relationship between retention interval and test 
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performance. In these studies, initial learning losses were 

great followed by a period of quiescence when levels of 

remembering appear to reach a steadying state. 

This finding prompted Bahrick to use quadratic terms 

for the retention interval (Bahrick, et.al., 1975; Bahrick, 

1984b; Bahrick & Hall, 1991). In contrast, Squire (1989) 

found a more gradual loss for memories of one season 

television programs. 

Therefore, factors which may influence the appearance 

of a stable and permanent memory store have involved the 

format of the items. Bahrick (1984b) admitted the higher 

level of recognition memory may have resulted from 

opportunities for guessing. Multiple choice exams offered 

an opportunity to benefit from guessing which may have been 

enhanced by prior instruction in areas related to the 

content area under investigation and incidental learning. 

The methods used to obtain data on retention need to be 

examined. The implications of the methods used to obtain 

rp.sults in studies on retention have an impact on 

interpretations which generate from the study. 

Methodology 

Long term memory has been studied using one of two 

designs, longitudinal or cross-sectional. In longitudinal 

studies, the same subjects were followed from acquisition to 



the final testing. Learning was measured at the time of 

acquisition and agai.n at predetermined intervals. 

46 

Longitudinal studies presented logistical as well as 

methodological problems. The logistical problems arose from 

the length of time required to study long term retention. 

The researcher, conducting longitudinal studies covering a 

fifty year time span, needed to know what research issues 

would be important fifty years from the start and had to 

wait for that time to pass in order to obtain results 

(Lachman, Lachman, & Taylor, 1982). Methodological problems 

arose from periodic testing which was needed to determine 

the changes which were occurring. The act of testing and 

retesting can significantly vary the outcome. Tests can act 

as rehearsals for previously learned information or offer an 

opportunity for further learning. 

When longitudinal studies were conducted in 

naturalistic settings subjects were lost to the study due to 

moving, name changes, or death. To avoid the difficulties 

involved with long term longitudinal studies in naturalistic 

settings, short term longitudinal studies were frequently 

conducted in a laboratory setting. Short term longitudinal 

studies did not address the very long term retention of 

learning. In addition, the very nature of laboratory 

studies raised concern because the strict adherence to 

laboratory methods can potentially mislead researchers. "In 

--------_._------_. - . 



particular it can lead to an underestimate of human 

abilities, resourcefulness, and the active role of the 

person in interpreting and constructing his or her own 

environment" (Ceci & Bronfenbrenner, 1991, p.28). 
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The alternative design, cross-sectional, made use of a 

naturalistic environment. Using a natural setting allowed 

the researcher to examine knowledge which was gained over a 

longer period of time than in traditional, laboratory based, 

longitudinal studies. The retention interval involved 

several years. According to Bahrick, (1982) "Because most 

semantic knowledge must be accumulated over a long time 

span, the process of acquiring generalized knowledge is not 

readily observed or manipulated in the laboratory" (p.429). 

The naturalistic environment also offered a range of 

context effects, acquisition time, and motivational factors 

(Bahrick, Bahrick & wittlinger 1975). In other words, 

learning took place in real life situations. According to 

Bahrick (1975), 

The usual laboratory findings of large retention 

losses over short retention intervals do not 

generalize, because they are based upon 

comparatively brief and concentrated learning 

sessions. Thus laboratory findings cannot provide 

a sound basis for predicting the rate of 

information loss, but cross-sectional studies 



based upon real-life learning situations can 

(p.58) • 

Therefore, to discern what happens to knowledge gained in 

classrooms, researchers needed to look at the naturalistic 

environment of actual classrooms. 
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Bahrick made use of cross-sectional methodology for 

studying retention of meaningful learning utilizing subjects 

from natural learning environments (Bahrick, Bahrick, 

Wittlinger, 1975; Bahrick, 1984; Bahrick, 1984b, Bahrick & 

Phelps, 1987; Bahrick, 1991). In cross-sectional studies, 

subjects were chosen to reflect different time periods. All 

subjects were tested at the same time; however, the length 

of the retention interval varied. 

The 1975 study undertaken by Bahrick, Bahrick, and 

Wittlinger, established the use of cross-sectional 

methodology to examine the effect of time on retention. 

Bahrick, Bahrick, and Wittlinger (1975) looked at memory for 

names and faces of high school classmates. The retention 

interval varied from two weeks to fifty-seven years. In 

1984, Bahrick examined retention of Spanish acquired in 

academic settings. The retention interval varied from 

immediate to fifty years. In yet another study, Bahrick and 

Hall (1991) looked at the long term retention of high school 

algebra and geometry. The retention interval in this study 

ranged from a tenth of a year to seventy-four years. 
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Bahrick and Hall (1991), examined factors which were 

involved in the retention of information, particularly 

information of a complex nature. Among important variables 

were the retention interval and the level of original 

learning. Rehearsal frequency and strength were not found 

to add significantly to explaining the variance in these 

studies. other important variables, which were less 

successfully examined, included the contribution of age of 

the memory trace vs. age group of the subject in original 

acquisition and final testing. 



CHAPTER 3 

RESEARCH DESIGN AND METHODOLOGY 

In this chapter the design of the research and the 

methods used in this study are described. The general 

subject characteristics, method of subject selection and 

data collection are included. 

Design 

50 

The purpose of this study was to measure the effect of 

specific predictor variables on retention test performance. 

The predictor variables include grade, number of statistics 

classes, number of research classes, coursework recen~y, 

length of acquisition, rehearsal frequency, rehearsal 

recency, age at the time of acquisition, age at the time of 

testing, and gender. 

The assessment of long term retention of knowledge 

gained in academic settings can involve the use of a 

longitudinal or a cross-sectional design (Bahrick & Karis, 

1982). In this study, a cross-sectional approach was used to 

assess retention of statistics knowledge over a 22 year time 

span. 

Cross-sectional methodology allows for the simultaneous 

testing of subjects who acquired the knowledge at different 

time intervals. According to Bahrick and Karis (1982) a 

primary disadvantage of cross-sectional methodology is the 



lack of control the researcher has over the conditions of 

original learning. 
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Although a laboratory setting was not utilized for this 

study there was a high level of consistency across the 

classes. That is, all subjects were students of the same 

professor. The coursework in this beginning graduate 

statistics class remained stable over the 22 years. Course 

objectives and content remained stable. Evaluative 

procedures continued in a consistent fashion. The 

consistency. of knowledge available throughout the years 

provides some assurance that the same information was 

presented to the different groups of students over each of 

the 22 years. 

Subjects 

The subjects for this study were students at a large 

university in the Southwest. All subjects were students in 

the beginning graduate statistics course. This course was 

offered 3 times each year over a twenty-two year period. 

The subjects were students from various graduate programs 

and of differing ages at the time they enrolled in the 

course. The major areas of study were education, 

rehabilitation, counseling and guidance, nursing, pharmacy, 

business, and communication, as well as a few students from 

other disciplines. Graduate students in the named 

disciplines frequently have had employment experiences in 
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their profession prior to enrolling in the course. Often 

these students are actively employed while taking courses 

toward their master's degree and/or doctoral degree. For 

this reason, students enter the beginning statistics course 

usually between the ages of 20 and 50. Therefore this study 

used subjects who were of different ages at the time of 

initial acquisition. 

Each subject was a student of the same professor in the 

statistics course. The professor conducted the course in a 

similar way throughout the 22 year time span. 

Subjects were chosen from class lists by a number 

established by a pencil drop on a table of random numbers. 

students' names were numerically listed for each year over 

the past 22 years. A pencil was dropped on a table of 

random numbers. Students were included in the study as 

their number appeared on the table. Twenty-five students 

were taken from the combined fall and spring semesters. 

Another 15 students were chosen from the summer session. A 

subject's cohort consisted of other subjects who had taken 

the course the same academic year. 

Application was made to the Human Subjects Committee 

and an exemption for this research was obtained (see 

Appendix A) • 



53 

Methodology 

The concepts of forgetting over the retention interval, 

original learning effects, rehearsal effects, and aging 

effects, were operationalized to examine the impact of the 

operationalized variables on long term semantic retention. 

Long term semantic retention was operationalized as the 

score on the retention test. 

Retention Interval 

The cohort was formed and the retention interval was 

identified. Students taking the course in either the 

summer, fall, or spring of the same academic year formed the 

cohort and that cohort was identified by the number of years 

since the beginning of the academic year. Therefore, since 

data were collected toward the end of the Spring uf 1993, 

students having completed the course in the fall of 1971, 

spring of 1972 were identified as having taken the course 

twenty-two years ago. Students taking the course in the 

summer of 1972, fall of 1972 and spring of 1973 were 

identified by the retention interval of 21 years. The 

retention interval is logically the subtraction of the year 

the course was completed from the year data were collected. 

The exception is the spring semester which gets attached to 

the academic year starting in the fall. This procedure was 

systematic with the exception of the academic year when 

subjects were tested. The subjects taking the course in the 



fall of 1992 were assigned a retention interval of 1 while 

subjects in the spring of 1993 were tested following the 

final exam and were assigned a retention interval of o. 
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coursework recency was operationalized as the length of 

time since subjects had taken their last statistics class 

(Appendix C). Coursework recency offers a more specific 

measurement of how long it has been since statistics 

coursework than the retention interval. If the original 

coursework was 10 years ago but the most recent statistics 

class was taken two years ago, the recency of coursework 

might be more relevant in relationship to performance on the 

retention test than the length of time since the original 

course. 

Original Learning Grade 

original learning, or how well a student learns the 

information to begin with, impacts directly on how much 

information could be recalled or recognized. Assessment of 

how well each subject learned the information was obtained 

by recording the grade each subject earned in the statistics 

class. The grade was obtained through the official class 

records. 

All final grades were calculated by taking the average 

Z-score over four exams. Therefore, each student's grade is 

standardized with respect to students who took the course at 

the same time. The standardization of grades added another 



level of control and served to reduce error in the grade 

measurement. 

Number of continuing Classes 
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The level of original learning was also assessed by 

asking participants how many courses had been taken in 

statistics and research methodology (Appendix C). The 

number of courses in statistics might offer reinforcement to 

the original coursework and might serve to indicate the 

strength of original learning. Coursework in research 

methodology, although not directly built on statistical 

knowledge, can reinforce statistical coursework. 

Length of Acquisition 

The length of the acquisition phase, and the effect of 

length on performance on the retention test, was 

investigated. The length of the acquisition phase was 

determined to be a summer session or a semester. 

The administrative record of course enrollment was 

examined to determine the subject's registration in either 

the summer or semester. 

The beginning statistics class was offered in the 

summer as well as during the academic year. The summer 

session lasted 5 weeks whereas the length of the semester 

was 15 weeks. Twenty-five subjects were randomly chosen 

for each academic year. An additional 15 randomly selected 

--------
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subjects were chosen to represent the summer session of each 

year. 

Rehearsal 

Ecological studies on memory for academic work need to 

consider intervening learning as well as relearning 

opportunities. Rehearsal frequency and rehearsal recency 

were assessed. 

Rehearsal Frequency 

A use-frequen~y continuum offering a scale of 0 (no use 

of statistics) to 7 (constant and continuous use) was 

presented to the subject. Subjects were asked to mark the 

scale to reflect their position in relationship to this 

parameter. Although strength of rehearsal, that is level or 

depth of knowledge, was not assessed, it was reasoned that 

for the most part, subjects who were constantly and 

continuously involved in statistics wo~ld, at minimum, be 

using knowledge from a beginning statistics class. Higher 

level functioning in statistics was not assessed. The 

retention test did not cover the more advanced statistical 

topics. 

Rehearsal Recency 

The recency of rehearsal was operationalized as the 

time frame which most accurately represented the length of 

time since statistics had been used by the subjects. This 

question was aimed at gathering information concerning 

-----.. --- _. 
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recency of rehearsal activity. This rehearsal activity 

might be obtained in employment or casual circumstances and 

therefore unrelated to coursework. 

Age 

Age at the time of acquisition and at the time the 

subject took the retention test, was used to index the age 

variables. The subject's sex was used to index the gender 

variable (Appendix C). 

The study was designed to consider the effects of 

retention interval, original learning, rehearsal, age and 

gender on perf~rmance on a retention test. Two models were 

posed by theoretically ordering the variables in a 

hierarchical regression. The first model made use of the 

tradition of controlling for original learning, as 

operationalized by the subject's grade, before the effects 

of retention interval, rehearsal, and current age were 

considered. The second model followed a temporal line and 

assumed that performance on the test was related to events 

which were more current. 

Data Collection 

Instrumentation 

A questionnaire was used to obtain data to answer each 

research question (Appendix C). The information requested 

asked for the number of additional statistics classes, if 

any, and the length of time since the last course. The 



number of courses in research design and methodology ~as 

requested. 

Subjects were asked questions which related to 

rehearsal frequency and rehearsal recency. Their current 

age and their sex was also requested. 
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The questionnaire was developed by the investigator for 

this study. The questionnaire included items of historic 

and demographic information on the subject. Therefore, no 

information was available concerning the validity and 

reliability of this instrument. 

Retention Test 

Thirty-six multiple choice questions on statistics were 

taken from the store of questions available from the 

professor (Appendix D). It is important to recognize that 

the questions on the retention test were questions asked of 

students during the acquisition phase and may therefore 

contain highly similar choice alternatives. That is, this 

test was a difficult test requiring knowledge gained in the 

process of taking the class. Care was taken to select 

questions representative of the relative emphasis in the 

course. Questions which focused on concrete information as 

well as questions which related to more abstract, summary 

information, were selected (Appendix D). 

Questions were taken from the four tests which were 

given during the course. There were several forms of the 



tests and each form was examined. Additionally, a 

comparison was made with the course syllabus to insure all 

content areas were represented. As a further check, the 

professor examined the retention test to insure all 

important topics were included and the test questions were 

representative. 
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According to Bahrick and Hall (1991), "The major 

obstacle to assessing memory .•• were changes in curriculum, 

emphasis, or terminology in the teaching of high school 

mathematics courses during the fifty year period" (p.21). 

The stability of this curriculum made test development 

easier and confidence was enhanced in terms of the validity 

of the test. 

A pilot of the test was performed and an item analysis 

conducted. The pilot was performed on a current graduate 

student population. Two pilot subjects had just finished 

taking the beginning graduate statistics class. A total of 

36 students took the pilot test. 

Based upon the results of the pilot test, one item was 

discarded leaving a 36 item retention test. The item was 

discarded because it did not have a right answer. An item 

analysis was conducted on the pilot test. The item analysis 

was conducted through the use of ADAM Version 2.0 (Automated 

Diagnostics & Management) developed by P. Callahan. The 

mean on the 37-item test was 15.19. The item analysis 
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yielded a Kuder-Richardson reliability measure of 0.77. 

Nunnally (1978) stated a Kuder-Richardson of .7 is 

sufficient for basic research. In fact, according to 

Nunnally (1978), increasing reliability much beyond .80 is 

unnecessar.y because measurement error is already minimized. 

Therefore, the final retention test used for measuring long 

term retention contained 36-items and was considered to be 

both reliable and valid. 

Procedure For Data Collection 

The identified subjects were sent a letter of 

introduction (Appendix B), a questionnaire which included a 

signed permission form (Appendix C), and the retention test 

(Appendix D). A reminder to answer the questions to the 

best of their ability and to guess when necessary was 

included (Appendix E). The questionnaire asked for 

information concerning the number of classes and the recency 

of coursework in statistics. The number of classes in 

research methodology was requested. Grade, which identified 

the degree of original learning in the course, was obtained 

from class records. 

Rehearsal opportunities through employment or casual 

exposure was assessed through two mechanisms. In the first, 

subjects were asked to mark on a continuum where they would 

fit if 0 represents no use of statistics and 7 represents 

constant and continuous use. Additionally, students were 
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asked to circle a time frame which represented the recency 

of rehearsal. The time frame was divided into: current, 1 

to 5 years ago, 6 to 10 years ago, 11 to 15 years ago and 16 

to 20 years ago (Appendix C). 

Subjects were asked for their current age and they were 

asked if they were male or female (Appendix C). 

Instructions for Taking the Test 

The test was a recognition test utilizing the same 

multiple choice format that was used in testing during the 

acquisition period (Appendix C). An occasional question 

might have been the same question encountered on the 

original test. A more likely occurrence was that the test 

contained questions which were similar to the original 

questions, but not exact duplicates of the original 

questions. Subjects were requested to answer the questions 

to the best of their ability and not to re-study the 

content. Subjects were instructed that the researcher was 

not interested in individual responses, but rather the total 

responses of the group (Appendix B). 

Follow up postcards were sent approximately one month 

from the date of the original mailing (Appendix F). An 

additional letter was mailed to the first 135 potential 

subjects. This group did not receive a reminder, within the 

original packet, to answer the questions to the best of 

their ability and to guess when necessary (Appendix G). 
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Data Analysis Plan 

A t-test procedure was conducted to compare the means 

of the sample of responders to a sample of non-responders on 

one variable in order to assess if the samples were from 

comparable populations. 

Descriptive techniques were used to analyze the data. 

Measures of central tendency were used to describe the 

sample. Graphs were developed to examine the effect of some 

variables over time. 

Two hierarchical regressions were conducted. The order 

of each was based on a theoretical framework. The relative 

contributions of the predictor variables were assessed by 

comparing the position of the variable in the hierarchy and 

the amount of variance accounted for on the dependent 

measure (retention test). 

Diagnostics were used to check for potential violations 

of assumptions. Specifically, linearity and 

homoscedasticity of residuals were examined. Additional 

checks were made to examine collinearity of the predictor 

variables. 
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REPORT OF FINDINGS 

63 

This chapter presents the findings of the data 

analysis. The data were examined by posing two hierarchical 

regressions. In addition, descriptive statistics were used 

to gain perspective on the identified variables and how each 

relates to test performance and each other. 

The Sample 

A potential sample of 674 former students were invited 

to participate in the study. Two hundred and fifty four 

former students responded to the request for participation 

representing a 38% response rate. Two subjects were 

eliminated from the study because only test scores greater 

than zero were used for this study. 

To address any question that this group of responders 

differed from the non-responders the table of random numbers 

was used to establish an interval for picking a comparison 

group from those former students who did not respond. The 

mean grade of a sample of 24 non-responders was compared to 

the mean grade of the sample of 25 responders. The non

responder sample included: 8 A's, 8 B's, and 8 CiS. The 

mean for this group was 3.0. The mean for grades among the 

sample of responders was 3.16. A stUdent t test was used to 

determine if the difference in the group means was 



significant. A non-significant result was obtained 

(Table 1). Therefore, it can reasonably be concluded that 

the sample of responders did not differ significantly in 

terms of original learning from the sample of non

responders. 

Posing Two Models 
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Multiple regression was used to determine the impact of 

the identified variables on test performance. statistical 

packages make computer generated regressions easy to obtain. 

The specific results of the regressions, however, are 

dependent on the order in which the variables are entered. 

A traditional and theory based order was provided by 

historic laboratory work in memory research and by 

ecological memory studies conducted by Bahrick and others 

(Bahrick, Bahrick, & Wittlinger, 1975; Bahrick & Karis, 

1982; Bahrick, 1983; Bahrick, 1984; Conway, Cohen, & 

stanhope, 1991). The first model (Model I) was based on 

this traditional work and used grade to control the impact 

of original learning on test performance. 

An alternative model was presented which assumed that 

regardless of what someone has done in his/her past, current 

performance on a test is most closely linked to events which 

have occurred most recently. That is, Model II was based on 

a temporal line with causal priority linked to more current 

than more distant events. 
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Table 1 

comparison Responders to Non-responders 

Mean Difference t value Degrees of Freedom probability 

.1600 .73 47 .467 

Both models made use of hierarchical regression 

technique. A hierarchical procedure allows for each 

independent variable to be entered cumulatively. In so 

doing the R2 and the partial coefficient were revealed as 

each independent variable was entered. A hierarchical 

regression is based on a prespecified order. The chosen 

order is based on theory, on the need to control certain 

variables or on causal priority (Cohen & Cohen, 1983). 

Table 2 contains the summary of the multiple R, R 

square, adjusted R (AdjRsq), the significant F, the R2 

change (RsqCh), and the significant F change for each 

entered variable in Model I. Only the interactions 

identified by the original questions were included in the 

hierarchical regression. Interactions were entered last 



Table 2 

Summary Table of Regressions - Model I 

MuhR Rsq AdjRsq df SigF RsqCh FCh SigCh 

Sex .0146 .0002 -.0040 1,237 .822 .0002 .051 .822 

Age at the time .0935 .0087 .0003 2,236 .355 .0085 .029 .156 
of coursework 

Grade .5078 .2579 .2484 3,235 .000 .2491 78.891 .000 

Summervs. .5556 .3087 .2969 4,234 .000 .0508 17.195 .000 
Semester 

Retention .6546 .4284 .4162 5,233 .000 .1198 48.828 .000 
Interval 

Number of .7150 .5113 .4986 6,232 .000 .0828 39.320 .000 
Statistics 
Courses 

Coursework .7350 .5402 .5263 7,231 .000 .0289 14.528 .000 
Recency 

Number Research .7480 .5595 .5441 8,230 .000 .0193 10.062 .002 
Courses 

0) 
0) 



Table 2--Continued 

MultR Rsq AdjRsq 

Rehearsal .7631 .5823 .5659 
Frequency and 
Strength 

Rehearsal .7687 .5908 .5729 
Recency 

Current Age .7696 .5923 .5725 

Grade x Age .7697 .5924 .5707 

Grade x .7703 .5934 .5699 
Retention 
Interval 

Current Age x .7757 .6017 .5768 
Retention Interval 

df SigF RsqCh 

9,229 .000 .0228 

10,228 .000 .0085 

11,227 .000 .0014 

12,226 .000 .0001 

13,225 .000 .0010 

14,224 .000 .0083 

FCh SigCh 

12.520 .000 

4.755 .030 

.800 .372 

.056 .814 

.575 .449 

4.660 .032 

C'I 
-....J 
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after the main effects have been entered. This allowed 

variance related to the main effect to be taken out first. 

If the interactions were entered before the main effects the 

interaction would capture most of the variance belonging to 

the main effect as well as variance belonging to the 

interaction. Model I entered original state (i.e. sex and 

age at the time of coursework) in first. Model I then 

entered grade, acquisition length, retention interval and 

worked to the more current factors. 

Table 3 provides the same information however the order 

of entry was dictated by the reverse flow of variables and 

was identified as Model II in this scheme. The tables 

presented here are referred to throughout the chapter. Each 

posed question, however, is handled in the order originally 

addressed. 

The regressions were obtained using the statistical 

Package for Social Sciences (SPSS). Some graphs were 

obtained through the graphing capability of SASe 

Retention Interval 

The retention interval ranged from 0 to 22 years with 

the responding subjects having a mean of 10.70 years. 

Figure 1 identifies the scatter of points around the 

regression line when test score was plotted with retention 

interval for each SUbject. The horizontal line at nine is a 

reference line representing chance. That is, on a multiple 

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



Table 3 

Summary Table of Regressions-Model II 

MultR Rsq AdjRsq df SigF RsqCh FCh SigCh 

Current age .3105 .0964 .0926 1,237 .000 .0964 25.288 .000 

Rehearsal Recency .4915 .2416 .2352 2,236 .000 .1452 45.177 .000 

Rehearsal Frequency .5395 .2910 .2820 3,235 .000 .0494 16.382 .000 

Number Research .5799 .3363 .3250 4.234 .000 .0453 15.980 .000 
Classes 

Coursework Recency .6120 .3745 .3611 5,233 .000 .0382 14.217 .000 

Number Statistics .6298 .3966 .3810 6,232 .000 .0221 8.505 .004 
Classes 

Retention Interval .6321 .3995 .3813 7,231 .000 .0029 l.to7 .294 

Summer vs. Semester .6506 .4223 .4033 8,230 .000 .0238 9.509 .002 

Grade .7665 .5876 .5714 9,229 .000 .1642 91.196 .000 

Age at Time of .7677 .5894 .5714 10,228 .000 .0018 1.0 to .316 
Coursework 

Sex .7696 .5923 .5725 11,227 .000 .0029 1.600 .207 
m 
\0 



Table 3--Continued 

MultR Rsq AdjRsq df 

Current Age by 
Retention Interval .7752 .6010 .5798 12,226 

Grade by Retention .7752 .6010 .5779 13,225 

Grade by Age .7757 .6017 .5768 14,224 

SigF RsqCb 

.000 .0087 

.000 .0000 

.000 .0007 

FCb 

4.925 

.001 

.410 

SigCb 

.027 

.975 

.523 

'-I 
o 
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Test Score by Retention Interval 
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• 
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Figure 1. Test Score by Retention Interval. 
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choice exam with 36 items and four potential responses, 

subjects should have been able to obtain 9 correct responses 

just by chance alone. Although 9 correct responses would be 

expected, there was a standard error surrounding this 

reference line. While five people scored 8, no other 

subjects scored below chance. (There were two exceptions 

noted previously.) The majority of subjects scored 

significantly above the line of chance. 

In Bahrick and Hall's (1991) study the retention 

interval alone was responsible for a multiple R of .39. In 

their stady, retention interval was entered first in the 

hierarchical regression. If retention interval had been 

entered before any other variables were entered these data 

revealed a multiple R of .33. However, the R Square and 

more importantly the Adjusted R Square, revealed an R2 

change of close to 12% of the variance (Table 3) when 

retention interval was entered. 

Bahrick and Hall (1991) also used a different time 

interval for measuring retention. In the case of algebra, 

the retention interval was begun from the point of the last 

algebra course. In this study a comparable variable was 

coursework recency. 

Coursework Recency 

Coursework recency added 3% more explanatory power to 

the variance in Model I (Table 2) and 3.8 % (Table 3) of the 



variance in Model II. Coursework recency added 

significantly to the variance in both models. 

Coursework recency was a powerful predictor variable. 
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The order of variables in the hierarchical regression led to 

a suppression of the effect of coursework recency. When the 

correlation matrix (Appendix I) was inspected coursework 

recency had a greater relationship with test performance 

(r=-.4638) than retention interval had with test performance 

(r=-.3314). The relationship was inverse indicating that as 

the time since ccursework increases performance on the test 

decreased. 

Bahrick and Hall (1991) handled the calculation of the 

retention interval differently when they investigated memory 

for the content area of geometry. They reasoned that 

additional coursework in geometry is dissimilar from the 

original work, unlike the content area of algebra where 

future courses build on the content in the original course. 

Both coursework recency and retention interval were 

important in explaining the variance on test performance. 

The specific rationale for determining which variable to use 

needs to take into consideration the content area under 

investigation. 

Retention interval accounted for a non-significant 

contribution to the variance in Model II. When current age 

was entered before retention interval, as it was in Model 
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II, current age as a measure of relative length of time, 

took some of the variance which would have gone to retention 

interval (Table 3). 

This pattern of the time variables capturing common 

variance was repeated with the time interval which measured 

the recency of rehearsal. There were three measures of time 

in the hierarchical regression. The first was retention 

interval, then recency of coursework, finally, recency of 

the rehearsal activity. The three variables captured common 

variance because all three measurements were related to the 

memory span. In addition, current age captured some of this 

time. Comparing two hierarchical regressions which show a 

different order of variables may have more accurately 

uncovered the rel~tive importance of the time variables. 

Linearity of Retention Interval and Test Score 

Prior studies have shown a non-linear relationship 

between test score and retention interval. The usual 

relationship in recall data for new learning, shows a large 

drop during the first three years, then a leveling off 

occurs. Bahrick (1984b) found that quadratic terms for many 

of the independent variables aided in the predictive power 

of the regression analysis. 

To examine the linearity of retention interval and test 

performance the graphic relationship between standardized 

retention interval residuals and predicted test scores was 



obtained. The findings depicted in Figure 2 indicate 

randomly distributed residuals with linearity and 

homogeneity of variance indicated by the even band around 

the horizontal axis. 
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The nature of the sample and the type of questions used 

are offered as possible explanations for why linearity 

existed in this data. Graduate students may be more memory 

"capable" than someone in the general population. 

Furthermore, 6 of the students who were in the 1 year 

retention interval, were currently in the more advanced 

statistics class. Many of the other 1 year and possibly 2 

year interval students were currently in graduate school and 

therefore continuing in coursework which would emphasize 

research findings. These subjects might not have shown the 

initial losses because of the continuing exposure to the 

content area. 

Conway, Cohen, and stanhope (1991) found the initial 

losses were not as great for concepts as for retention of 

names. This statistics course emphasized the learning of 

concepts rather than rote memorization. In addition, 

recognition memory losses may not have the tremendous 

initial drop as that seen in recall memory losses (Bahrick, 

1984). 

--------- ---------------
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Grade 

Grade was an indicator of original learning. How well 

the subject learned the course material to begin with was 

reflected in the grade the subject received in the course. 

Grade accounted for 25% of the variance in Model I (Table 

2). Model I used grade to control for original differences 

in learning in order to examine the retention of learning 

over twenty two years. It was impressive how much variance 

was explained by grade alone. 

In Model II grade was entered after rehearsal variables 

and coursework and yet grade still accounted for more than 

16% of the variance (Table 3). Grade is clearly an 

important and critical variable in the ability to predict 

semantic retention for the originally learned material even 

after a twenty two year interval. 

This finding is consistent with work done by Bahrick 

(1984) and Bahrick and Hall (1991), however, the finding 

differs from work done by Conway and his colleagues (1991) 

who found higher grades in the class were not strongly 

correlated with retention test performance. Bahrick 

conjectured that this might have reflected content area 

differences in that there is generally less cumulative 

learning in such areas as psychology and history. Bahrick 

reasoned students may cram for specific exams and future 

exams may not be dependent on prior learning (cited in 
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Bower, 1992). If this premise is correct the content area 

of statistics may also be one in which learning is 

cumulative. On the other hand, the tests within the 

beginning graduate statistics class cover different topics. 

Therefore, it is difficult to understand why Conway, Cohen, 

and stanhope (1991) did not find a grade effect. 

As Figure 3 depicts, subjects who earned grades of C 

approach the line of chance after a twenty two year time 

interval. That is, students obtaining a C in coursework did 

not show long term retention for knowledge gained in 

classrooms over a twenty two year interval. In contrast, 

students who obtained B's and particularly A's show 

retention of information for intervals as long as twenty two 

years. 

It was possible that the variance captured by the grade 

reflected not only the level of original learning but also 

the aptitude of the subject for the content area. Bahrick 

and Hall (1991) found SAT scores were not associated with 

the rate of decline. However, SAT scores may have been 

strongly correlated with grades and this association was not 

reported in the literature. Whether there is a latent 

variable of intelligence at least partially responsible for 

both grade and enhanced memory for semantic knowledge is 

unknown. Indeed, intelligence tests often include memory 

for a span of digits. Intelligence tests Figure 3 
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also contain questions which relate to general knowledge, in 

other words, long term semantic memory. 

Even if memory and cognition are related to a common 

underlying construct the specific relationship has not yet 

been defined. What is known is that grade is indicative of 

how much information was originally learned a.nd test 

performance is an indicator of how much information is 

currently known. The fact that grade accounted for so much 

of the variance in test performance provided strong evidence 

that knowledge stores gained up to 22 years ago remain 

available for subjects on a test of recognition memory. 

Rate of Decline 

An additional question concerning original learning had 

to do with the rate of decline in memory for subjects 

receiving a course grade of A, B, or C. Was the rate of 

decline the same for groups with initial differences in 

learning was answered by the interaction variable of grade 

by retention interval. In Model I, grade crossed with 

retention interval yield a variance of .10% (Table 2). In 

Model II grade crossed with retention interval yield .07% 

(Table 3). The grade by retention interval interaction was 

non-significant in both mcdels. There was no indication 

that the rate of decline was affected by how a subject did 

in the course. This finding was consistent with Bahrick and 



Hall's (1991) finding that grades "have a relatively small 

effect on the rate of loss" (p.24). 

Rate of decline was examined graphically in Figure 3. 
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Subjects receiving an A in the statistics course created the 

regression line on the top. Subjects receiving a B formed 

the parallel middle regression line. Subjects who received 

a C in the course formed the third and less parallel 

regression line. 

Figure 3 revealed that subjects who obtained a C in the 

course approached chance levels of retention after a twenty 

two year period. The non-parallel results of the C subject 

regression line may have reflected the lowered range of 

performance throughout the retention interval of the C 

sUbjects. ,Therefore, the rate of loss did not seem to be 

affected by grade. 

Amount of Coursework in Statistics 

Further coursework in statistics was examined for its 

relationship with test performance. continued coursework 

added over 8% of the variance in Model I (Table 2) and at 

least 2% of the variance in Model II (Table 3). In both 

models, continued coursework was found to be a significant 

predictor of retention test performance. continued 

coursework was reinforcing to that which was originally 

learned, and/or provided an opportunity to relearn. This 

finding was consistent with previous studies (Bahrick, 1984; 
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Bahrick & Hall, 1991) and supported the differences found in 

the 1975 study by Bahrick, Bahrick, & Wittlinger who found 

high school classmates remembered each other but college 

professors soon forgot students who were in their class for 

just 10 weeks (Bahrick, 1984a). When learning was spaced 

over an extended period of time, as in the case of further 

coursework in the subject area, memory for the original 

knowledge was improved. 

Bahrick and Hall (1991) concluded that predictor 

variables which have a major effect on the rate of loss are 

those variables capturing the amount and distribution of 

practice. Bahrick and Hall (1991) found that students who 

had courses at or above calculus retain knowledge gained in 

algebra over the lifespan with little or no loss. In this 

study, students taking more classes in statistics also 

retained more knowledge from their basic statistics class. 

The vast majority of the subjects in this study (n=146) 

participated in this statistics course only. Others, 

(n=66), had one additional statistics course and the next 

group, (n=31), took two additional statistics courses. The 

mean number of statistics classes taken by study 

participants was .817 classes. While continued coursework 

accounts for a significant amount of the variance it is 

important to note that subjects retained much of the 

information from the initial class even in the face of no 

-----------_._--_ .... _-- . 
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further statistics coursework. This finding was consistent 

with Bahrick's (1984b) finding that if well learned, 

subjects retain much of the original learning even in the 

face of minimal or no rehearsal. 

This finding also held for research classes. students 

with a greater number of research classes retained more from 

the initial statistics class. In Model I, number of 

research classes accounted for almost 2% (Table 2) of the 

variance while in Model II, where number of research classes 

was entered earlier, the variable accounts for almost 5% 

(Table 3) of the variance. The mean number of courses taken 

in research design was 1.757 classes. 

Length of Acquisition 

Did the data support greater retention of statistical 

information for students who took the course over the 5 week 

summer vs. those students who had the course during a 15 

week semester session? To answer this question the variance 

attributed to the length of acquisition was examined. In 

both Model I (Table 2) and Model II (Table 3) subjects who 

took the course over a summer session vs. a semester session 

differed in their performance on the retention test and this 

difference was in the direction of semester students 

outperforming summer students. The summer vs. semester 

variable accounted for a significant amount of the variance 

on test performance. The finding is somewhat deceptive. 



Figure 4 shows the performance of subjects by summer vs. 

semester over the retention interval. 
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There were few responders who took the course in the 

summer twenty two years ago. As Figure 4 indicates, course 

length may be helpful in predicting test score but it was 

not a strong relationship and may not hold throughout the 

twenty two year interval. 

There were other criticisms leveled at this finding. 

The criticisms included the possibility that the population 

of students who took this course during the summer differed 

in some fundamental way from subjects who took this course 

during the academic semester. 

To test this possibility the number of statistics 

courses was regressed on the length of the acquisition 

phase. This procedure served to answer the question if the 

number of statistics classes taken by a student could be 

predicted based on whether the student took the course in 

the summer or during the longer academic semester (Table 4). 

The non-significant finding of this regression 

indicated that subjects who took the summer course did not 

vary significantly on at least the number of subsequent 

statistics classes, than subjects who took the semester 

course. 
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Table 4 

Relationship of Length of Acquisition and Number of 

statistics Classes 

MultR Rsq AdjRsq F SigF 

.0723 .0052 .0012 1.314 .253 
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Findings from this study supported the premise that 

the longer the acquisition length the better the retention. 

This finding was consistent with Bahrick and Hall's (1991) 

and Dempster's (1988) findings and supportive to the 

recommendation that courses be taken over a longer period of 

time rather than equivalent depth but shortened intervals of 

exposure. 

Rehearsal 

Bahrick (1984b) held that well learned knowledge 

remained available even after long retention intervals 

although it may not have been used or rehearsed. Indeed, 

Bahrick found minimal rehearsal effects in the 1991 study 

with Hall and in the 1984 study on retention of Spanish 

learned in school. In contrast the current study uncovered 

a significant contribution of rehearsal to test performance. 

The rehearsal variables attempted to capture both rehearsal 
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frequency and rehearsal recency. Model I revealed rehearsal 

frequency effects of 2% and rehearsal recency effects of 1% 

(Table 2). Model I entered the rehearsal variables last in 

the grouping of main effects. This process was consistent 

with Bahrick (1984) and Bahrick and Hall (1991). Model II 

entered rehearsal variables early in the hierarchical 

regression. In Model II rehearsal frequency accounts for 5% 

of the variance while rehearsal recency accounts for more 

than 14% of the variance (Table 3). It is important to 

remember that when rehearsal recency was entered before 

retention interval it took some of the variance attributed 

to retention interval in the alternative model. 

In both models rehearsal was a significant contributing 

factor in the ability to predict retention test performance. 

It was also clear that the relative importance of rehearsal 

may be masked in studies which leave the effects of 

rehearsal to the end of the regression. 

Rehearsal frequency was measured by the subject marking 

on a continuous line which went from 0, indicating no use of 

statistics, to 7, indicating constant and continuous use of 

statistics. This procedure may have offered greater 

validity and accuracy of subject information on rehearsal 

than the scales used by Bahrick and Hall (1991). In the 

1991 study, frequency and strength of rehearsal were 

combined into one measure and rehearsal recency was 
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numerically converted to a fraction of the total retention 

interval. A more powerful discrepancy in the handling of 

the rehearsal data was the relative position of the variable 

in the hierarchical regression. Bahrick and Hall (1991) 

entered the rehearsal variables last. 

Rehearsal recency accounted for 14% of the variance in 

Model II (Table 3). It is possible that rehearsal recency, 

or in other words, what someone has done more currently, 

impacts more on test performance than the length of time 

since coursework or the retention interval itself. As can 

be seen, even with current age entered first (Model II), 

rehearsal recency explains 14% of the variance which was 

greater than when retention interval was entered in Model I 

(Table 2) accounting for 12% of the variance. In addition, 

retention interval, in Model I, was not competing with any 

other time variable prior to its input. Therefore, if 

rehearsal recency was entered first, the recency of 

rehearsal becomes the most important time variable. 

It is probable that the effects of rehearsal recency 

have been untapped or unrealized in studies which allowed 

rehearsal to be entered last. In addition, retention 

interval did not account for a large amount of variance in 

this study. 

In this study, a significant amount of the variance on 

test performance could be explained by rehearsal frequency 



and rehearsal recency. Therefore, rehearsal was an 

important variable in retention of knowledge gained in 

classrooms. 

89 

A criticism of the way the rehearsal recency variable 

was calculated exists. There was no logical reason to allot 

5 year groupings instead of a continuous time line. A 

continuous variable would have been more powerful in this 

regression model. 

Age 

The interaction variable of current age crossed with 

retention interval was the source of information for one of 

the primary questions of this research. Is the age of the 

memory trace interactive with the individual's age? If 

current age, which indicates chronological age, interacted 

with the memory span variable, which is retention interval, 

then the rate of decline for people of different ages was 

different. 

To investigate the impact of age and the retention 

interval on test performance the interaction of current age 

with retention interval was entered. In both models this 

interaction accounted for a significant amount of the 

variance. 

In Model I (Table 2) current age by retention interval 

was entered last in the hierarchical regression and yet 

still accounted for approximately 1% (.0083) of the variance 
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and managed to contribute a significant amount of the 

variance based on a significance level of .05. This 

interaction was significant even after the main effects of 

current age, retention interval, and grade were removed. 

That is, after initial differences in original learning were 

controlled. 

In Model II (Table 3) the interaction of current age 

and retention interval was entered earlier in the 

hierarchical regression and as a result, accounted for 

slightly more variance (.0087). The mean for current age 

for subjects in this study was 41.908 years with a range of 

23-69. 

It can be deduced that there seems to be an interaction 

between length of the memory span and the age of the 

individual. The older the subject the less information was 

retained and this occurred at an increasingly rapid rate. 

The direction of this relationship is verified by inspection 

of the correlation in the correlation matrix (Appendix H). 

One of the criticisms of work that has examined age 

changes is that original learning was not held to criterion 

and may reflect differences in rate of learning for older 

people rather than differences in retention. To further 

explore this possibility the interaction of current age and 

course recency was examined after grade had been taken out. 

The results appear in Table 5. 



Table 5 

Course Recency by CUrrent Age Controlling for Grade 

Grade 

Course 

recency x 

current 

age 

RsqCh 

.2220 

.1200 

FCh SigCh 

69.040 .000 

43.951 .000 
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The correlation between test performance and course recency 

by current age was -.3916 indicating that in this inverse 

relationship, as the individual got older the predicted test 

score got lower. 

This finding has implications for adults in 

professional situations. It is important that professional 

knowledge be retained although the individual is aging. In 

fact, this may be true since rehearsal has a significant 

effect on the amount of learning retained. If the aging 

professional is actively engaged in the knowledge domain 

then maintenance of knowledge should exist. If, however, 

the individual has stores of marginal knowledge then, as the 

---------- .. ---.~-- .. 



person ages, the knowledge level will decline at an 

increasing rate. 

other Age Issues 
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Age at acquisition did not impact on test performance 

even when it was entered first. The mean age at acquisition 

was 31.175 years. The range in age at the time of 

acquisition was 20-56 years. Age at the time the retention 

test was taken (current age) did impact on test performance 

but only when current age was entered first. The variance 

attributed to current age in Model II (almost 10%) may have 

reflected the retention interval as opposed to age itself. 

other Age Interactions 

Age at acquisition by grade was examined as a 

potentially important interaction. This interaction 

identified if subjects of differing ages performed at a 

different level in the classroom. That is, an interaction 

would have been found if older students who obtained A's did 

less well than younger students with A's and this effect was 

reversed for the B students. The interaction was not 

significant. 

It could be that removing the main effects of grade 

removed the available variance which would have shown an 

interaction. However, in the case of current age crossed by 

retention interval, the main effects were removed but the 

interaction was robust enough to show significance. 
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Inspection of the correlation matrix (Appendix H) revealed 

an r of -.0933 between age at acquisition and performance on 

the retention test. However, age at acquisition was 

significantly and inversely related to grade (r=-2319). 

This finding indicated that older subjects tended to do less 

well in the course. It could be concluded then that 

although there were initial differences in the grade, the 

grade of the subject who is older at acquisition does not 

predict retention test performance. 

Gender 

There was a suggestion that women are not as competent 

mathematically as men. As can be seen, gender had no effect 

on test performance even when the variable had the benefit 

of early entrance in the hierarchical regression as in Model 

I (Table 2). Gender was correlated with retention interval, 

coursework recency, number of research classes, and 

rehearsal frequency (Appendix H). Perhaps there were not as 

many women taking a graduate level statistics class 20 years 

ago or women did not go on to complete degrees. 

Posing of two models 

Two hierarchical regressions were posed. By examining 

the relative contribution of a number of predictor variables 

in a manner which clarified the opportunism of statistical 

software, conclusions about these predictor variables might 

be more realistic. The hierarchical order of the 
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independent variables in Model I although directly reversed 

from the order posed in Model II provided consistent results 

in terms of significance with the exception of the retention 

interval variable. However, the lack of a statistically 

significant variance for retention interval in Model II is 

explained by the redundancy of the coursework recency and 

rehearsal recency variables with retention interval. 

While Model I made use of an order of variable entry 

which was consistent with a more traditional view of memory 

research, Model II provided a temporal ordering of 

variables. Model I controlled for differences in original 

learning before examining the effect of number of courses 

taken or rehearsal influences. Model I was based on memory 

research and sought to answer questions of long term 

retention of knowledge acquired in academic settings. Model 

II sought to provide information about performance on a test 

and asked, how can the variance on this test be explained. 

Model II entered variables based on a ~emporal flow. 

Neither Model provided the "right" way. Each model 

answered the question for which it was designed. It was 

reinforcing that most variables were strong enough, in their 

relationship with test performance, to prove significant in 

both models. 

The total multiple R for both models was .7757 with an 

adjusted R2 of 57.68% of variance accounted for in retention 



test performance. Therefore, the identified independent 

variables allowed for ~he opportunity to predict retention 

test performance with some degree of accuracy. 

Regression Assumptions 

The residuals in this regression model were examined 

for violations of assumptions. The residual is that which 

is left after the value, predicted by the model, is 

identified. 

A scatterplot of the standardized residuals from the 

test scores and the predicted test scores is found in 

Figure 5. 
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Unlike Figure 2 which examined the relationship of 

standardized residuals to predicted test scores based on 

retention interval alone, Figure 5 made use of all the 

independent variables in the multiple regression model. 

Because more independent variables were used in Figure 6 the 

residuals hold closer to the horizontal band. That is, the 

degree of prediction was greater when all variables were 

entered. 

Figure 5 revealed that the assumptions of linearity and 

homogeneity of variance have been met. There was no 

discernable pattern in the plot and the values hover 

centrally and uniformly around the horizontal line of o. 

--------------
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The distribution of the residuals was also examined for 

the possibility of non-normality. Figure 6 showed the 

histogram of the standardized residuals. 

The distribution of the colons (:) in Figure 6, 

identify when the observed and expected frequencies overlap. 

There was a close, but not identical distribution of 

observed and expected residuals. 

A normal probability plot was prepared. The plot 

compared the observed distribution to the expected 

distribution of residuals. Identical distributions resulted 

in identical straight lines. The data from this study 

resulted in the normal probability plot found in Figure 7. 

As can be seen the observed frequencies closely 

followed the expected frequency at all levels of the 

distribution. 

It could be concluded from these investigations that 

the results provided no reason to suspect violations of the 

assumptions of regression. 

Collinearity 

When there is a high degree of correlation between 

independent variables it becomes difficult to detect the 

actual contribution of one variable over another. In order 

to check for collinearity the correlation matrix was first 

inspected for significant relationships among independent 

variables (Appendix H). The most significant relationship 



Normal Probability. (P-P) 
Standardized ReslOual 

Plot 

1.0 : .;.~ 
I •• I 
I •• I I ••• I 
I •••• I 

I .~.. I 
I • I 

.75 t •• ~ 
I •••• I 
I •• I 
I ••• I 
I •• I 
I •• I a I •• I 

b I • I 
5 I •• I 
e .5 t .•• t 
r I • • I 
v I •••••••• I 
~ II.' I 

••• I I ••••. I 
I .:... I 

.25 t • t 
I ••• I 
I •• I 
I •• I 
I .... I 
I •••• II 
I •• 
I • I 
I •• I 
~. I I I I Expected 

.25 .5 .75 1.0 

Figure 7. Normal Probability Plot. 

99 



100 

was the relationship between retention interval and 

coursework recency, (r=.88). The other time variables were 

also inter-related making it difficult to sort out the 

relative contribution of each time variable. 

Another way to identify collinearity problems is by 

examining the tolerance of the variable. When the tolerance 

of a variable is small, it is more closely associated with 

the variables which have been entered before it. The 

variables measuring time again showed low tolerance values. 

Prior to the entrance of the interaction variables the 

tolerance readings are found in Table 6. 

In addition to the measures of tolerance Table 6 shows 

the variance inflation factor VIF. The VIF is the 

reciprocal of the tolerance and as the number increases so 

does the variance of the regression coefficient. 

As can be seen from Table 6 age at acquisition, 

retention interval and current age were all inter

correlated. To a lesser extent coursework recency was 

correlated as another measure of time. To a surprisingly 

smaller degree, rehearsal recency was collinear. This 

finding makes the relative contribution of the time 

variables suspect. 
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Table 6 

Tolerance and VIF fo~ Variables in Model I 

variables Tolerance VIF 

Sex .908582 1.101 

Age at Acquisition .009081 110.115 

Grade .907099 1.102 

Summer vs. Semester .964315 1.037 

Retention Interval .016201 61. 723 

Number of Stat Classes .614110 1.628 

Coursework Recency .163423 6.119 

Number of Research Class .719311 1.390 

Rehearsal Frequency .598477 1.671 

Rehearsal recency .556366 1. 797 

Current age .008039 124.392 



CHAPTER 5 

RESULTS 

The results of this study confirmed earlier work by 

Bahrick and others (Bahrick, Bahrick, & Wittlinger, 1975: 
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Bahrick, 1979: Bahrick, 1984a: Bahrick, 1984b: Bahrick & 

Phelps, 1987; Bahrick & Hall, 1991: Conway, Cohen, & 

Stanhope, 1991) that remembering occurred particularly when 

original learning factors were strong. The A or B student, 

who takes more than one course in the subject, will be able 

to retain knowledge in that content area for up to 22 years. 

These data did not confirm the prior discontinuous, 

forgetting curve. Bahrick's (Bahrick, Bahrick, & 

wittlinger, 1975; Bahrick, 1984a: Bahrick, 1984b; Bahrick & 

Hall, 1991) findings of initial rapid loss do not appear. 

In this study, forgetting was linearly related to the 

retention interval. The lack of confirmation may have more 

to do with the type of test questions than with actual 

differences between Bahrick's findings and the findings in 

this study. That is, recognition items may not show the 

recency effects that recall items show (Glenberg & Kraus, 

1981) . 

Additionally, Conway, Cohen, and stanhope (1991) who 

studied the type of information which is retained, found 

that initial losses were not as great for concepts as for 
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names. This content area and the type of questions which 

were asked along with the way the course was taught may each 

impact on the emphasis of concept learning as opposed to 

fact memorization. Further research which examines the 

differential remembering of facts vs. concepts would help 

clarify this issue. 

In this study, the retention interval was not as 

important a predictor variable as other variables which 

relate more specifically to the time since exposure to the 

content area. Coursework recency, the time interval since 

continued coursework in the subject, had a greater 

relationship with test performance than the retention 

interval. 

Additionally, rehearsal recency accounted for a greater 

variance if it was entered early in the regression model. 

Rehearsal recency became a better predictor of test 

performance. Conclusions concerning the relative importance 

of the time variables must be made with caution because of 

the collinearity of the variables. However, it seems clear 

that retention interval was not as specific to the 

prediction of retention test performance as coursework 

recency and rehearsal recency. The length of time which 

occurred since the knowledge was gained, was relatively 

unimportant in relationship to some other factors. 
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This study confirmed that grade made the largest 

contribution to the prediction of retention test 

performance. In this study, grades were standardized within 

each course which may have minimized error variance on this 

measure. The consistency of evaluation over time may also 

have fostered alignment of the actual effect of grade on 

test performance with the measured effect or score on the 

retention test. That is, there was less variance loss to 

imprecise measurement on this variable. 

The rate of decline of information loss was not 

affected by the grade. A students lost information at the 

same rate as B students and C students. C students losses 

lead to a performance that was close to chance after a 

period of 22 years. 

Further coursework in statistics was significantly 

correlated with retention test performance. This finding 

confirmed Bahrick's (1984b) and Bahrick and Hall's (1991) 

findings. specifically, Bahrick (1984b) found that subjects 

who had taken additional coursework in Spanish retained a 

significant amount of Spanish and subjects who took 

mathematics courses at or above the level of calculus showed 

minimal losses of high school algebra. The majority of 

subjects (n=147), in this study, retained information from 

the beginning statistics class with no further coursework in 

statistics. 
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In 1984 (b) Bahrick found that training in other 

romance languages was significantly correlated with 

retention of Spanish. Coursework in research design and 

methods was significantly correlated with retention test 

performance on long term memory for statistics coursework. 

The length of acquisition was significant with semester 

subjects out performing subjects who had taken the course 

during a summer session. The difference in length of 

acquisition was similar to work done by Dempster (1988) and 

supported his findings that spaced learning sessions were 

more conducive to long term retention than shorter sessions 

of equal depth. 

This finding needs to be viewed with some skepticism 

since the graphic representation of the two groups (semester 

vs. summer session subjects) interacted at the longest 

retention interval. It is possible that not having enough 

subjects who had taken the course during the summer affected 

the representativeness of the sample at the level of 15 to 

20 year retention intervals. 

There is concern too, about the equivalency of the 

groups of students who took summer session statistics 

classes vs. those who enrolled during an academic semester. 

Although a check on the number of continuing statistics 

classes revealed no differences in the groups, there may be 

differences on other measures. At this point, all that can 
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be stated is that the findings were generally supportive to 

Dempster's (1988) conclusions. 

Rehearsal factors were significant in this study. 

Rehearsal frequency was measured by having subjects mark 

their level of participation on a continuous line. The line 

measured from 0 to 7, 0 representing no current use of 

statistics, the 7 measuring constant and continuous use of 

statistics. Rehearsal frequency was significant in both 

models. 

The significance of rehearsal frequency had not been 

reported previously although Bahrick and Hall believed in 

the benefit of rehearsal (1991). The effects of rehearsal 

frequency may have been masked in studies with numerous 

independent variables when the rehearsal variable was 

entered last. 

The positive results of the effect of rehearsal on 

retention of knowledge has implications for the continuing 

education of professionals. In addition, adults who wish to 

retain knowledge in areas other than the one they are 

specifically engaged in, may need to schedule periodic 

rehearsals. For example, it is often important for 

professionals employed in one specialty area to maintain 

knowledge in another. situations may present where a 

problem or need is more easily identified if knowledge in 

areas related to the specialty area are maintained. 

------------------ ---
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An assumption might be made that subjects who reported 

frequent opportunities for rehearsal were also reporting on 

the strength of rehearsal. Strength of rehearsal, that is, 

the depth and level of difficulty of statistics work 

encountered, was not requested on the questionnaire and not 

measured on the retention test. The retention test made use 

of questions from a beginning graduate level statistics 

class. Rehearsal strength was not measured. 

The recency of rehearsal in a content area was 

important in predicting retention test performance. 

Therefore, it was not just how well someone had learned the 

original knowledge but also what had been done since the 

coursework that was important in predicting retention test 

performance. 

Although no differences were found in the grade earned 

by older subjects, significant differences were found in the 

rate of decline of content knowledge. Older subjects lost 

content knowledge at an increasing rate through adulthood. 

In this study, grade as well as other factors which 

identified differences in original learning, were controlled 

before the interaction of age and memory span (retention 

interval) was examined. 

The criticism leveled at other work because original 

differences were not controlled, cannot be leveled here. 

There are implications of this finding which relate to the 
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need for rehearsal of areas which continue to be important 

to the individual. However, it is important to remember 

that the overall findings of this study and others (Bahrick, 

Bahrick, & wittlinger, 1975; Bahrick, 1984b; Bahrick & Hall, 

1991; Conway, Cohen, & stanhope, 1991; Squire, 1989) 

indicated that long term remembering, in terms of 

recognition memory, was the norm and that remembering 

continues over the adult years. 

Sex differences had no effect on retention test 

performance. Therefore, differences in sex did not assist 

in the prediction of how well someone did on the retention 

test. 

Posing two hierarchical regression which were the exact 

opposite of each other resulted in some interesting 

findings. First, collinearity was visible even without the 

diagnostics. other time factors, in addition to the 

retention interval, impacted significantly on retention test 

performance. 

The counterposed models also provided an opportunity to 

examine the robustness of the effect of grade, and other 

original learning variables, on the long term retention of 

knowledge gained in academic settings. Grade was highly 

significant in both models. 

Other original learning variables were also significant 

and were consistent with findings from prior studies 

--------~---
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(Bahrick, 1984b; Bahrick & Hall, 1991). These findings 

supported the reinforcing effect of continuing coursework in 

the content area and in related areas. 

Rehearsal variables were the strongest when they did 

not have to compete late in the hierarchical regression. 

However, this study indicated the importance of rehearsal 

and it was significant in both models. 

The subject's current age crossed with memory span 

(retention interval) was significant in both models although 

it was entered at the end of the regressions. 

Posing the hierarchical regressions does not lead to a 

conclusion concerning which model was the best or explained 

retention test performance best. Rather, the posing of two 

counterposed regressions highlighted the relative 

contribution of each factor as other factors were controlled 

or partial led out. 

Implications for Further Research 

The conditions which enhance long term remembering of 

semantic knowledge remain nebulous. What is known is that 

people remember much longer than they think they do. This 

finding is robust in that it has been shown in many of the 

studies cited here (Bahrick, Bahrick, & Wittlinger, 1975; 

Bahrick, 1979; Bahrick, 1984a; Bahrick, 1984b; Bahrick & 

Phelps, 1988; Bahrick & Hall, 1991; Linton, 1988; Conway, 

Cohen, & Stanhope, 1991; squire, 1989). 

-_. __ ._------------
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The actual instructional processes which enhance 

remembering existed in this setting and need to be 

documented as a model of a successful technique and the 

result in effective teaching as indexed by long term 

retention of knowledge in statistics. The anecdotal records 

from the spontaneous comments of subject participants might 

be perused for meaningful memories which may have assisted 

(or not assisted) stUdents. 

The strength of remembering for A and B students may 

have some policy implications. For example, is it necessary 

to obtain an A or B to receive a degree in a certain 

department if that department's work is dependent on the 

knowledge base provided in the particular class? If not, 

what rehearsal activities are needed for all students and 

particularly for the student with the grade of C, so that 

adequate knowledge and competency can be assured? 

continuing research in this fertile area is needed to inform 

the policy makers. 

Length of acquisition of learning touches on many 

curriculum design policies and yet has not been adequately 

studied. Some academic departments schedule summer work 

with the idea that the session is different and the academic 

year cannot merely be duplicated in the summer. still, the 

actual differences in terms of long term remembering of 

spaced vs. mass learning sessions, have not been determined. 
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Continuing research may look at the specific needs for 

maintenance of knowledge in the professions. The level of 

rehearsal needed for maintenance of knowledge was not 

specified in this study. 

So too the current study does not answer questions 

which relate to the type of information which was retained 

other than the obvious which is that the study looked at 

recognition memory. It would be interesting to further 

examine the retention test items for type of question. That 

is, each item may have combined elements of conceptual and 

associative characteristics, however, some items may be 

easily categorized as conceptual or associative. Furcher 

analysis of these data may reveal some interesting results 

on the subject of schema vs. associative memory processes. 

---- --------------- ---
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APPENDIX A 



Human Subjects Committee 

February 16, 1993 

Kathleen Collins Insel 

THE UNIVERSITY OF 

ARIZONA 
HEALTH SCIENCES CENTER 

Department of Educational psychology 
Education Building 
Main campus 

1690 N. Warren (Bldg. 526B) 
Tucson. Arizona 85724 
(602) 626·6721 or 626·7575 

RE: LONG TERM RETENTION OF SEMANTIC KNOWLEDGE IN STATISTICS 

Dear Ms. Insel: 

We received documents concerning your above cited project. 
Regulations published by the u.s. Department of Health and Human 
Services [45 CFR Part 46.101(b) (2)] exempt this type of research 
from review by our Committee. 

Thank you for informing us of your work. If you have any questions 
concerning the above, please contact this office. 

Sincerely yours, 

iC~~")rl_ 
William F. Denny, M.D. 
Chairman, 
Human Subjects Committee 

WFD:sj 

cc: Departmental/College Review Committee 
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THE UNIVERSITY OF ARIZONA 
T U C SON, A R I Z 0 N A 85721 

COLLEGE OF EDUCATION 
Dcpanment of Educational Psychology 

March 20, 1993 

Dear Former Student: 

My name is Kathie Insel. I am a doctoral student of Dr. 
Nicholson's, your instructor in the beginning statistics 
course. My dissertation is related to memory and 
statistics. By random selection, your name was chosen as a 
subject in this study. Your participation will be greatly 
appreciated and will provide data that will inform 
curriculum planners. 

Please fill out the enclosed questionnaire and respond to 
the questions that follow. Your responses will be 
confidential; you will not be identified in reports or 
publications reporting this research. We are interested in 
group responses and not in individual responses. 

Please do not study for the questions. We are interested in 
your ability to recognize correct answers to the questions 
without the benefit of further study. 

Your time commitment is appreciated. The questionnaire and 
questions will probably take you less than 45 minutes to 
complete. Please return the Scantron answer sheet and the 
green questionnaire in the enclosed envelope. In 
anticipation, thank you for your time and assistance. 

If you have a question or concern you can contact me at the 
following address and phone number: 

Kathie Insel 
5870 N. Camino del Conde 
Tucson, Arizona 85718 
Phone: (602) 299-1604 

Sincerely, 

~'-a+.-I' 
Kathie Insel 
Doctoral Student 

Enclosures 

Jfl pu1' /J),-y-) 
G~~~, Ph.D. 
Professor 
Educational Psychology 
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Questionnaire 

1. Have you had further course work in statistics since 
completing the beginning graduate course in statistics? 
Yes No 
If yes, how many courses? 
How long (months, years) has it been since you completed the 
last course? 

2. How many research courses have you had (not including 
statistics coursework)? 

3. Please indicate where you are on the following scale when 
o indicates no use of statistics and 7 indicates constant 
and continuous use of statistics. 

o 1 2 3 4 5 6 7 

4. Circle the time frame in years which most clearly represents 
how long it has been since you have used statistics? 

Current 1 to 5 
years 

ago 

5. What is your current age? 

6. What is your gender? Male 

6 to 10 
years 

ago 

11 to 15 
years 

ago 

Female 

16 to 20 
years 

ago 

Your signature acknowledges your willingness to participate in 
this study and to allow me to examine your class registration and 
record for this course only. 

Name 
(Please print name) Signature 

Please return this portion of the packet along with the Scant ron 
answer sheet upon completing the following questions. 
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ReleDlion Test 

Please answer the following questions to the best of your abUity by marking your answers on !he Scantron answer sheet with a #2 
pencil. Make no aUCmpt to look up answers. Remember, we are interested in !he group responses as a whole and not in individual 
responses. ThanJt you agaln. 

1. If you were interested in studying the effects of varying preparatory instructions on the perception of paln during an injection, 
the instructions would be a(n) variable and the amount of perceived palo would be a(n) 
__________ varlable. 

1. independent; dependent 
2. dependent; dependent 
3. dependent; independent 
4. independent; independent 

2. On a test of verba) ability, Mary scored 30, Bill scored 45 and Sam scored 60. If we can say that !he difference in Mary's and 
BUl's scores is equivalent to the difference between BUI's and Sam's, then we know that !he level of measurement is at least 
1. nominal. 
2. ordinal. 
3. interval. 
4. mtio. 

3. Under what oondition would the mean, mode and median all equal !he same score 
1. in a limited moge distribution. 
2. in a negatively skewed distribution. 
3. in a distribution wi!h an extensive moge. 
4. in a nonnal distribution. 

4. Fifty students take a quiz which has a possible 0 to 10 points. After the quiz, measures of central tendency are calculated and 
eacb student writes bislher score on a slip of paper. The sUps are put in a hat and one is dmwn at random. We will "win" if 
we guess amect1y the score written on the slip. For !he greatest chance of wlMing we would guess 
1. the mean. 
2. the median. 
3. the mode. 
4. the score of 5. 

5. The measure of central tendency that is most sensitive to extreme values in a distribution is the 
1. mode. 
2. standard deviation. 
3. median. 
4. mean. 

6. Which among the following sets of scores would show !he least variability when measured by the standard deviation? 
1. 0, 4, 5, 6, 10 
2. 30, 32, 35, 38, 40 
3. 130, 133, 135, 137, 140 
4. 1000, 1005, 1005, 1005, 1010 

7. A Z score identifies 
1. the moge of the distribution. 
2. the number of standard deviations above or below the mean. 
3. the avcmge score in the distribution. 
4. only scores in a normal distribution. 

8. Three scores in a distribution are 5, 10, and 20. The Z score equivalents of .he fusttwo scores are -1.00 and -.5. The Z score 
equivalent of the thinl score is 
1. 0 
2. +.5 
3. -1.00 
4. 1.00 



9. A Z soore in a distribution is -.5. IC the mean of the raw score distribution is 130 and the standard deviation is 20, the equivalcnt 
score in that distribution is 
1. 129.5 
2. 120 
3. 110 
4. cannot be dctermined without furthcr infonnation. 

10. For which one of the following pairs of variables would we mostlikcly find a negative correlation? 
1. Hcight of sons with hcight of fathers (measured in the same way). 
2. Number of answers right on a leSt in history with number of answers right on a test in government. 
3. Grade point average with number of courses failcd by collcge fre~bman. 
4. Intelligence of mentally handicapped children with scores on an achievemcnt test. 

11. IC there is a correlation betwcen A and B, then 
1. A causes B. 
2. B causes A. 
3. A causes B or B causes A. 
4. A is related to B. 

12. Whcn we calculate a Pearson r on data that is curvilinear; thc correlation coefficient will be 
I. smaller than it should be. 
2. larger than it should be. 
3. either larger or smaller depending on the circumstances. 
4. an accurate measure of the true correlation. 

13. A basic aim of statistical inference is to form a conclusion about a characteristic in a 
1. sample. 
2. random sample. 
3. population. 
4. random population. 

14. The fundamental oondition that permits proper statistical inference is 
1. random sampling. 
2. normal distribution of scores. 
3. knowledge of the v3Jues of the parameters of the population. 
4. having a Inrge sample. 

15. Sampling enor in statistics refers to 
1. mistakes in the selection process. 
2. inaecuracy in estimating due to chance factors. 
3. scientific bias. 
4. the notion that behavioral scicnces cannot establish principles that are certain. 

16. Estimation of a population parameter becomcs more accurate as 
1. the sample size increases. 
2. the sample size decreases. 
3. the population size increases. 
4. none of the above. 

17. A sampling distribution differs from a frequcncy distribution in that 
1. a sampling distribution is normal and a frequency distribution is skewed. 
2. a sampling distribution is made up of statistics and a frequency distribution is made up of scores. 
3. a sampling distribution is made up of scores from a population and a frequency distribution of scores of samples. 
4. a sampling distribution bas constant characteristics and a frequency distribution bas varying characteristics. 

18. The probability of a type I enor is 
1. dependent on sample size. 
2. equal to 1- J3. 
3. equal to (X • 

4. indeterminate. 



19. When the value of alpha ( ex ) is changed from .01 to .05, in testing an bypothesis about a single mean 
1. the greater the desirability of using a one-tailed test. 
2. the greater the value of z or t required to reject the null bypoUtesis. 
3. the region of retention is larger. 
4. we should be less confident about OlD' decision If that decision is to reject the null bypoUtesis. 

20. As compared to a two-tailed tesr. a one·tailed test: 
1. carries less risk of accepting 110 wben it is false. 
2. requires a larger n. 
3. carries iess risk of rejecting Ho wben alpha ( ex ) is faxed. 
4. bas a greater probability of a false conclusion, of wbatever type. 

21. In general, reducing the risk of committing a Type I eaor 
I. reduces the riskofcommiUing a Type II error. 
2. increases the risIc of committing a Type n error. 
3. increases the power of the test. 
4. bas no effect on any of the above. 

22. Random assignment of subjects to treatment conditions 
I. serves to conlrOl many potentially interfering factors, even wben some of them are not known to the investigator. 
2. serves to control all potentially Interfering factors, known or unknown. 
3. serves to provide the proper conditions for statistical principles to operate, but experimental conlrOl of interfering 

variables is a separate matter. 
4. permits the answer to the substantive question to be automatically provided by the statistical conclusion. 

23. If the sample size is very large and the decision is to reject the null bypoUtesis, then 
I. the test sbould probably be repeated. 
2. one may put special confidence in the correctness of the conclusion. 
3. the true difference may be inconsequential from a practical point of view. 
4. the level of slgnlficance should be raised. 

24. When ex =.OS and the decision is to retain the null bypothesis Ibis impUes Ibat the 
1. null bypothesis is true. 
2. alternate hypothesis Is false. 
3. prombility is .95 that the null hypothesis Is true. 
4. null hypothesis could be true, but so could a number of other bypoUtesis. 

25. The standanJ error becomes smaller as the sample size __ and variability of the population ___ . 
I. increases; inaeases 
2. increases; decreases 
3. decreases; deaeases 
4. decreases; inaeases 

26. Whicb of the following assumptions applies to the independent group t test? 
I. The samples have been randomly drawn from their respective populations. 
2. The scores in eacb population are normally distributed. 
3. The variance of both populations are homogeneous. 
4. ali of the above. 

27. We wish to test the hypothesis of no difference between the means of two dependent samples. There are 30 cases in Ute first 
sample and 30 cases in the second. The number of degrees of freedom for Ibis test would be 
1. 28. 
2. 29. 
3. 58. 
4. 59. 

------------------_.- -- ~ .. 



28. An advertiser of a leading headacbe remedy (Brand A) mainlains that 40% of pedlatrlcians recommend bls product for 
chIldren's bcadacbes and fever. A competitor complains to the Truth In Advertising ·watch dog" commIttee that be believes that 
fewer than 40% reamunend Brand A. The null bypothesls Cor thIs study would be 
1. the proportion of pbysicians wbo recommend Brand A Is 50%. 
2. the proportion oC pbyslcians who recommend Brand A Is 40%. 
3. the proportion of physicians wbo recommend Brand A is less than 40%. 
4. the proportion cannot be bypothesized. 

29. AnalysIs oCvariaJla: Is ultimately concerned with bypotheses about 
1. variances. 
2. means. 
3. standard deviations. 
4. Independence. 

30. In ANOV A. wIthin-group varlabillty ref1ccts 
1. mean differences. 
2. Individual differences and sampling em>r. 
3. both sampling error and the efCect oC the Independent variable. 
4. mean differences and sampling error. 

31. The finding oC a signIficant main effect In two way ANOV A may not be open to straight-forward interpretation wben 
1. there Is a slgnirlcantintemctIon effect. 
2. one main effect Is signIficant but the other Is not. 
3. both main effects are signIficant. 
4. sample size Is small. 

32. The obtained values of chl·square 
1. can be negative If discrepancies have negative values. 
2. can be negative even If no discrepancy Is negative. 
3. can be no lower than zero. 
4. cannot be as low as zero. 

33. ChI·square analysis of a contingency table provides the answer 10 the question 
1. Is there a difference among the subcategories of a variable? 
2. Is lhere a difference among the subcategories of one Variable, and also among subcategories of a second variable? 
3. Is there a relationship between two variables? 
4. are the subcategories of one variable the same as those of the other variables? 

34. Ira regression equation reads: Y' = -.75X + 31, we know that 
1. X Is greater than Y. 
2. S, Is greater than Sa' 
3. the correlation is negative. 
4. a mistake bas been made calculating the r. 

35. It Is desired that we get a correlation between strength of grip and arithmetic ability. Experimenter A takes a sample of 100 
3rd grade children and gets a correlation (rA). Experimenter n tales a sample of 100 children from 3rd througb 8th grade and 
get a correlation (r.). Which of the CoUowing would be the most likely result? 
1. rA=r.=.OO 
2. rA =r.=.4O 
3. rA>r. 
4. rA <r. 

36. The cOO'ClatIon between two measures Is .75. Three students had Z scores on the X measure as follows: 
Jerry +2.00 
Mary.OO 
Terry+l.00 
Their pn:dicted Y scores would show: 
I. Mary below the mean, Jerry and Terry both above the mean. 
2. All three will be expected to score lower. 
3. All three will be expected to score above the mean. 
4. Terry's and Jerry's Y scores would be nearer alike than their X scores. 
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Please answer all the questions even if you think you do not 

know the answer. Guessing is permissible and encouraged if 

you do not know the answer. Remember we are interested in 

group responses as a whole and not in individual responses. 

Thank you for your participation. 
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within the last month you should have received a request for 

participation in research related to your statistics 

coursework at the University of Arizona. This research has 

some unique opportunities, however, as you know, research is 

only as valid as the sample is representative. If you have 

not yet returned the questionnaire and retention test, 

please take the time to do so now. Responses need to be in 

by May 17th. If you cannot find the original material 

please let me know and I will send you another form (call 

collect: 602-299-1604). 
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Dear Former Student: 

5870 N. Camino del Conde 
Tucson, Arizona 85718 
May 27, 1993 

128 

I am writing in the hope that you will reconsidar and 
participate in the research study on memory and your 
coursework in statistics. There is a select popUlation from 
which to draw a random sample. All research participants 
must have been students of Dr. Nicholson's in the beginning 
graduate level statistics course. Your responses are 
important and cannot be duplicated by other subject 
populations. 

One issue I failed to mention in the initial correspondence 
is that guessing is fine. If you do not know the answer 
please guess. You may be able to recognize the correct 
answer more often than you would anticipate. 

If you are willing to complete the questionnaire and the 
retention test and cannot find them, please call me collect 
at 602-299-1604. 

Whatever you decide, thank you for your time and 
consideration. 

Si7relY, 

~~\J}~....-f 
Kathie Insel 
Doctoral Student 
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Code Names and the Equivalent Variables 

Test - Retention test 

Retenin - Retention interval 

statnum - Number of subsequent statistics classes 

Coursrec - Time since last statistics class 

Resnum - Number of classes in research design and 

methodology 

Use fred - Rehearsal frequency 

Userecen - Rehearsal recency 

Curage - Age at the time of the retention test 

Sex 

Grade - Grade received in the beginning statistics class 

Sumsem - Length of acquisition, summer vs. semester 

Ageacq - Age at the time of acquisition 
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- - Correlation Coefficients --
TEST RETENIN STATNUH COURSREC RESNUH USEFREQ USERECEN CURAGE SEX 

TEST 1.0000 -.3314 .3678 -.4638 .374f ~ ·~~tf -.451~ -.310

b -.014t ~ .. ~521 ~ 2521 ~ 252) ~ 2501 ~ 243 ~ 246 ( 251 252 • .000 • .000 • .000 • .000 • .000 • .000 p. .00 ~. .81 
RETENIN -.3314 1.0000 .0709 .880Y -.144f -.1474 ~.428& .4260 

-.1471 ~ 25M ~. ~521 ( 252l ( 250 ~ 243 ~ 251~ 246 ~ 2511 252 • .0 p. .26 p •• 000 • .024 • .01 .00 • .000 ~. .01 
STATNUH .3678 

•
07°I 1.0000 -.1536 •4421 .406! -.2012 -.0382 -.019f ~ 25U ~. ~~ ~. ~521 ~ 250~ ( 243 251 ~ 2461 ( 2~1~ ( 252 

• .0 • .01 p. .000 ~. .00 • .002 P. • 4 P. .754 
COURSREC -.463f .8800 -.1536 1.0000 

-.271l -.247l .5192 .398& -.1431 ~ 250 ~ 2501 ~ 250~ ~. ~501 241 ~ 249 ~ 2441 249 ~ 250) .000 • .000 • .01 ~. .00 .00 • .000 ~. .00 • .024 
RESNUH 

•
374l -.1448 .44U -.2711 1.0000 ~.34U -.2623 

-.
091I .127

A 
243 ( 243) ~ 243 ~ 241 ~. ~431 242 ~ 2391 242 243 ~. .00 p. .024 • .0 • .000 .0 • .000 ~ •• 15 ~. .04 

USEFREQ .4363 -.1474 .4061 -.2477 .3409 1.0000 -.5189 
-.2031 -.128~ ~ 2511 ~ 251~ ~ 2511 ~ 249~ ~ 2421 ~. ~511 ~ 2451 250 ~ 251 • .000 • .01 • .000 • .00 .000 • .000 ~. .00 • .042 

USERECEN -.45U .428& -.2012 ·f192 -.262f f·51U 1.0000 .2724 .0590 ~ 246 246 ~ 2461 ~ 239 245 ~. ~46) ~ 245~ ~ 24~ • .0 ~. .00 • .002 ~ .. ~~ • .000 • .0 • .00 • .3 
CURAGE -.310& .4260 -.038~ .398& -.091I -.2039 .2724 1.0000 

-.
02°l ~ 251 ~ 251~ 251 ~ 249 242 ~ 2501 ~ 2451 ~. ~511 ~. ~n • .00 • .00 ~ •• 54 • .00 ~. .15 • .00 • .000 

SEX -.0146 -.1479 -.019f -.143f .1272 -.1282 .0590 
-.

02°l 1.0000 
~ 252~ ~ 252~ ~ 252 ~ 250 ~ 243~ ~ 251l ~ 24~ ~. ~n ~. ~52) .81 • .01 • .754 • .024 • .04 • .04 • .3 

GRADE .5070 .007f .1760 
-.

O63l .116f .1333 -. lOOf -.2141 -.004

b 
~ 252) ~ 252 ( 252~ 250 ~ 243 ~ 251~ ( 246 ( 2511 252 • .000 • .910 p. .00 ~. .31 • .071 • .03 p •• 117 p. .00 ~ •• 94 

SUHSEH 
•
2071 -.0021 .0723 -.02ll •

043t .114! -.039I -.0332 
•
0761 ~. ~ro 252 ~ 25~ ~ 250 ~ 243 251 ~ 246 ~ 251) ( 252 ~ •• 97 • .2 • .6 .50 ~. .06 • .53 • .600 p. .22 

AGEACQ -.0933 -.273f -.0931 -.217Y .001~ -.l13I -.014~ .749& .0gOl ~ 2511 ~ 251 ~ 251 ~ 249 242 ~ 250 ~ 245 251 251 • .14 • .000 .13 • .001 ~ •• 97 .07 .82 ~. .00 ~ •• 15 

(Coefficient I (Cases) I 2-tailed Si9) " • " is printed if a coefficient cannot be computed 

GRADE 

.5070 
~ 2521 
• .000 

.007t 
~ 252 
• .910 

.1760 
~ 2521 
• .005 

-.063f 250 ~ •• 31 

.116} 
~ 243 
• .071 

.1333 
~ 251~ 
• .03 
-.1003 

~ 246~ - .11 

-.2141 ~ 251 .00 
-.0048 

~ 2521 
• .940 
1.0000 

~. ~521 

-.0288 
~ 252) 
• .649 

-.2311 
~ 251 
• .000 

SUHSEH 

•2071 ~ 252 
• .001 
-.0023 

~ 2521 • .97 

~.072f 252 
.253 

-.0271 
~ 250 
• .663 

•
043I 243 ~. .50 

~ .1148 2511 
• .069 
-.0397 
~ 246~ 
• .53 
-.033

b 251 ~ •• 60 

•0761 ~ 252 
• .224 
-.0288 

~ 252) 
• .649 
1.0000 

~_ ~52) 

-.024

4 251 ~ •• 69 

I--' 
W 
I--' 
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