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ABSTRACT 

The efficacy of a hierarchical learning model which 

required the practice of subordinate intellectual skills was 

compared to an expository paradigm which included discussion 

and demonstration with respect to problem solving. If 

learning a complex task requires the mastery of pre-requisite 

skills, then it should be possible to (1) identify the 

subordinate skills relevant to the problem, (2) demonstrate 

that students unable to perform the task initially can do so 

once they have acquired the related subskills, (3) show that 

the mastery of such skills will transfer to other problems 

of the same general class, and (4) determine whether the 

hierarchical learning program or the expository model is the 

most efficient for solving genetics problems. 

The task presented to the subjects in this study was 

solving one-trait genetics problems which required skills in 

multiplying fractions and integers, finding percentages, 

simplifying ratios, determining the probability of single 

and combined events, applying the rules of meiosis to 

genetic variation, and demonstrating the Laws of Dominance 

and Segregation in heredity. A learning hierarchy of related 

subordinate intellectual skills was constructed along with 

problems to assess the acquisition of such skills. The 

transfer task required the previously mentioned skills to be 
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integrated with new information to solve genetics problems 

using the Law of Incomplete Dominance, multiple alleles 

(genes) for a single trait, and the inheritance of sex-

linked characteristics. 

The experiment consisted of (1) pretesting on a 

criterion task, (2) acquiring subordinate skills, (3) post-

testing on the criterion task, (4) testing for transfer to a 

more general class, and (5) assessing the acquisition of 

relevant subordinate skills. One hundred and four subjects 

approximately 16 years of age, who failed to achieve the 

criterion task, were divided into a high and a low group on 

the basis of a group intelligence test. Within each of 

these equal groups, subjects were randomly assigned to one 

of two experimental methods, namely, training in the sub

ordinate skills (ST) of the criterion task, or exposition 

(ET) of the subskills and final problems through lecture, 

demonstration, and discussion. 

In the ST situation, subjects practiced acquiring 

intellectual skills related to the final task in a logical 

sequence without receiving a demonstration of how the whole 

task could be solved. In the ET condition, the students 

were shown how to solve the final problem and related sub-

skills through lecture, discussion, and demonstration using 

laboratory and audio-visual material. However, the simpler 

subordinate skills connected with the genetics problems were 
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not practiced by the students. All subjects were then 

tested on the criterion task and the transfer task. 

The results indicated that subjects trained under 

the ST condition showed significantly greater mastery in 

solving one-trait genetics problems than students taught 

under the ET condition. ST subjects also demonstrated 

significantly greater success in transferring the subskills 

to genetics problems of the same general class than did ET 

subjects. Students of high intelligence benefited sig

nificantly more from the ST method in regard to the criterion 

and transfer tasks than did subjects of low intelligence. 

A subsequent test for acquisition of subordinate 

skills related to the final task disclosed that ST students 

mastered a significantly greater number of subskills than 

did ET subjects, and also that the more intelligent student 

acquired a significantly larger number of subordinate skills 

than did the less intelligent subject. In general then, 

solving genetics problems through the practice of subordinate 

skills in a cumulative fashion was more effective than an 

expository approach, especially for high ability students. 



CHAPTER 1 

THE PROBLEM AND HYPOTHESES 

Introduction 

One of the significant objectives of education is 

that of teaching students effective ways of solving 

problems. Regardless of the manner in which this objective 

is stated, it clearly implies that the conditions under 

which a student learns will govern to some extent his 

subsequent skill in solving problems (Ellis, 1965). Gagne 

(1968) believes that problem solving capabilities are the 

cumulative result of learning specific intellectual skills, 

which are relevant to a particular class of problems. In 

such a view, the transfer of learning plays a critical role 

in applying subordinate intellectual skills to higher order 

problems. Duncan (1959) has noted that problem solving 

especially needs research oriented toward determining 

functional relationships between antecedent conditions, such 

as conditions of practice and various measures of perform

ance. The Gagne model of hierarchical learning sets offers 

a good example of the type of specific model which should be 

developed in educational research on transfer (Wittrock, 

1968), since it includes both instructional variables 

present during learning and individual difference variables. 

1 
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Transfer of learning can be either vertical or 

lateral in dimension (Gagne, 1970). Vertical transfer is 

that in which subordinate learning sets of skills mediate 

positive transfer to higher or more complex learning sets. 

Such transfer is dependent largely on the previous mastery 

of relevant subordinate skills, and implies the manipulation 

of instructional variables to accomplish such learning. 

Lateral transfer occurs when learned higher order skills can 

be shown to generalize to other problems at approximately 

the same level of complexity. This kind of transfer is said 

to be dependent more on individual differences than upon 

instructional methods. Although the breadth of this 

transfer may be limited by innate variance, the chance of 

transfer to new situations appears greater if the learned 

capability is practiced in a wide variety of situations 

(Gagne, 19 70 ) . 

Two studies on transfer (Gagne and Paradise, 1961; 

Gagne, Mayor, Garstens, and Paradise, 1962) have demonstrated 

that the acquisition of lower order intellectual skills 

facilitates both lateral and vertical transfer in learning 

mathematics problems in the classroom. Wiegand (1969) has 

shown that students who receive individual instruction in 

skills subordinate to a mechanics task in the physical 

sciences can successfully transfer such learning to the task 

and to another problem of the same class. Thus, the 

teaching of subordinate skills has been effective in 
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transferring to problem solving tasks, where the behaviors 

required could be rather easily quantified and measured. 

The relative effectiveness of such teaching methods compared 

to those more commonly used in the classroom is not known. 

Too, how readily intellectual skills can be defined 

behaviorally and subsequently taught in subjects whose 

content is more descriptive is largely unanswered. Whether 

teaching subordinate skills can be relatively beneficial for 

students of all ability levels also is still a matter for 

conjecture. The present study purports to offer some tenta

tive answers to each of these questions. 

Statement of the Problem 

The purpose of this study is to examine the 

following questions: 

1. At the high school level, is the teaching of sub

ordinate skills in some hierarchical order more 

effective for solving genetics problems than an 

expository method of teaching? 

2. Which students, those of relatively low or high 

intelligence, solve genetics problems most success

fully through learning the subordinate skills of the 

task? 

Significance of the Problem 

Gagne and Rohwrer (1969) in a review of the litera

ture on instruction, have stated that many studies of human 



learning and transfer are characterized by their remoteness 

of application to instruction. For example, Wiegand (1969), 

using individual instruction on physical science problems, 

has demonstrated that lateral transfer occurs for problems 

of the same general class. However, personalized instruc

tion or "tutoring" has not been a common mode of science 

instruction in the schools. Rather, methods such as 

lecture, class discussion, and small group laboratories have 

been generally employed to discern scientific principles and 

solutions. The present study will examine the transfer of 

learning within a classroom environment employing the more 

commonly used expository approach as one of the training 

conditions. Burton (1950) has contended that teaching by 

lecture is a relatively ineffective method of instruction, 

as has Gagne (19 70). However, considering the instructional 

time available to the teacher and learner, one might 

question whether the practice of lower order skills on 

problem solving tasks would really be more efficient for 

transfer of learning than expository methods currently used 

in the classroom. In areas such as biology where the 

content is often descriptive rather than quantitative, 

practice of skills might better be replaced by a discussion 

and demonstration of the intellectual skills related to the 

task. 

Schulz (1960) has stated that the transfer concep

tion of problem solving may act as a heuristic tool in 
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discovering functional relationships between independent 

variables and problem solving performance. If as Gagne 

(1968) has argued, higher order forms of transfer such as 

those found in problem solving are based on less complex 

concepts involving identical stimulus and response elements, 

then such elements should be applicable to other problems 

of the same general class. Wittrock (1968) has indicated 

that Gagne might well have predicted that lateral transfer 

would be improved by the mastery of each higher order of 

learning set in a hierarchy, because positive transfer 

across all subordinate components of the set is mediated by 

the higher member of the hierarchy. The present study will 

attempt to.demonstrate that the practice of less complex 

skills in genetics will transfer to more complex problems, 

as well as other genetics problems of the same general 

class. 

It seems doubtful, however, whether the more 

intelligent student needs to practice extensively the more 

basic skills which he has not previously mastered. 

Logically, such a student would bring a fairly broad spec

trum of subordinate skills to the task initially and could 

acquire the remaining skills without prolonged practice. 

Stolurow (1964) reported that regularly sequenced exercises 

were more efficient programs of learning for students of low 

ability than those of high ability. This organization did 

for the poorer student what the good ones could do for 
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themselves. If the practice of the subordinate skills of a 

task is actually more successful in transfering learning 

than learning to solve the problem with the aid of demon

stration and lecture, it should be possible to demonstrate 

this within a classroom for students at varying levels of 

intelligence, and with a problem whose content cannot easily 

be dissected and measured. The current study proposes to 

determine how the classroom conditions of practice on less 

complex skills in contrast to receiving an explanation of 

such skills affect the more intelligent and less intelligent 

student in solving genetics problems, some of whose skills 

are more easily delineated than measured. 

Hypo theses 

The following hypotheses are proposed for this 

study: 

1. At the high school level, any higher order problem 

of the same class in genetics can be performed by a 

student, provided that he or she has learned the 

lower order skills applicable to the problem. 

2. At the high school level, no higher order genetics 

problem can be solved by a subject, unless he can 

perform all of the subordinate skills related to the 

problem. 



Achievement in the criterion and transfer tasks in 

genetics should be greater generally for subjects 

who practice the subordinate skills (ST) of the task 

than for those students taught by an expository 

method (ET) without practice in the basic subskills. 

Students of low intelligence who practice the 

subordinate skills (ST) will show greater success 

in solving one-trait genetics problems, than like 

subjects who discuss and are shown the subskills 

(ET). 



CHAPTER 2 

ASSUMPTIONS, LIMITATIONS, AND DEFINITIONS 

Assumptions Underlying the Problem 

The present study assumes that: 

Any higher order problem consists of a hierarchy of 

lower order skills. 

Genetics problems represent those of a higher order 

consisting of prerequisite skills which can be 

learned in some cumulative order. 

Students of low intelligence will benefit more from 

lower order skill training than students of high 

intelligence. 

Limitations of the Study 

The present study is limited in the following ways: 

The results of the two treatments (ST and ET) may be 

applicable only to similar students solving like 

genetics problems at the high school level within a 

classroom setting. 

Definitions of Terms Used 

The following definitions are used in this study: 

Subordinate intellectual skills are those tasks 

requiring symbolic operations, such as 

8 



discrimination, classification, and application of 

rules to data potentially supportive of greater 

numbers of higher order problems. 

2. Problem solving is a process in which previously 

learned subordinate intellectual skills are recalled 

and organized in an attempt to find an answer to 

some question or achieve some goal. 

3. Higher order intellectual problems are those learn

ing tasks which require the use of problem solving 

processes. 

4. Hierarchy refers to the order in which subordinate 

skills should be learned, so that they will transfer 

to more complex tasks. 

5. Problems of the same general class are those which 

require for their solution similar or identical con

cepts and subordinate intellectual skills. 

6. Positive transfer refers to using previously learned 

intellectual skills to facilitate the mastery of a 

task. 

7. Vertical transfer is positive transfer that occurs 

when subordinate intellectual skills transfer to 

higher order learning tasks and assist in their 

mastery. 

8. Lateral transfer is positive transfer that occurs 

when learned intellectual skills generalize and 
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thereby facilitate performance on other tasks of the 

same general type and complexity. 



CHAPTER 3 

RESUME OF RELATED LITERATURE 

The development of complex intellectual processes is 

considered by some psychologists (Piaget and Inhelder, 1964) 

to be effected primarily by environmental variables operating 

upon functional structures in some invariant order. Adapta

tions of the organism then occur through the process of 

assimilation and accommodation in some relatively fixed 

developmental pattern. In such a position, the role of 

instruction in improving intellectual growth appears to be 

limited to establishing an environment suitable for the 

developmental level of the student. Still other psycholo

gists (Ausubel, 1960; Gagne, 1970) believe that cognitive 

structures are hierarchically organized, but that the 

integration and modification of such structures is limited 

primarily by the concepts, intellectual skills, and related 

strategies previously acquired by the student. The function 

of instruction in such a view assumes major importance in 

shaping the capability of the student, whatever his present 

level of intellectual growth. The acquisition of intellec

tual skills in some cumulative pattern enables the student 

to solve problems of relative complexity induced by the 

environment. Problem solving then becomes dependent upon 

11 
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attaining a wide assortment of intellectual skills and 

subsequently unifying and applying the skills relevant to 

the task at hand. 

Studies which have attempted to understand how 

subjects use skills and strategies in problem solving have 

been numerous and varied, and some psychologists (Bourne and 

Battig, 1966) believe that the newness and diversity of the 

area necessitates such multiformity. Despite such diversity, 

some studies appear to be more germane than others. For 

example, in relatively early studies with primates and 

children, Harlow and Harlow (1949) observed that they solved 

problems by trial and error, but that the subject's effi

ciency gradually increased over a period of trials. Harlow 

and Harlow interpreted this to mean that trial-and-error and 

insight were but two different phases of one continuous 

process. They called this process of progressive learning 

the formation of a "learning set." Expanding upon the idea, 

Harlow and Harlow reasoned that a single learning set would 

limit adaptation to a changing environment, and that many 

different learning sets would be necessary for human problem 

solving. 

Gagne (1970) has come to view human problem solving 

as a process by which the learner discovers a combination of 

previously learned rules that can be applied to the solution 

of a novel situation. Such a discovery, or insight, involves 

the manipulation of one or more intellectual skills with 
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reference to the environment. It becomes apparent that 

Harlow and Harlow's learning sets and Gagne's intellectual 

skills are terms with similar meaning, especially when 

applied to higher order thinking such as problem solving. 

Harlow and Harlow (1949) have stated that eventually the 

individual may organize simple learning sets into more 

complex patterns of learning sets, which in turn are avail

able for transfer as units to new situations. Gagne and 

Paradise (1961) describe this organization using a learning 

hierarchy and refer to the simpler learning sets as sub

ordinate skills, which mediate transfer to higher order 

learning sets. Such learning paradigms involving insight 

through organization of intellectual sets have their counter

part in physiological models, as for example, Hebb1s (1949) 

discussion of complex learning through the use of phase 

sequences emanating within the brain. 

The idea that problems are solved by combining 

learning sets or intellectual skills has been demonstrated 

in several laboratory studies. As early as 1940, Katona 

disclosed that the best method for solving matchstick 

problems, using college subjects, was by having the experi

menter proceed a step at a time to illustrate changes that 

would be brought about by using a rule, but without stating 

the rule verbally. Later, Kendler and Kendler (1962) 

reported that three- to four-year-olds could make correct 

inferences, if their training included all of the separate 
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part-tasks, or intellectual skills, needed to make the 

inference. An identification of subordinate skills 

followed by training in such skills for a switch-operating 

task, enabled three-year-old children to press the switches 

the correct number of times (Bern, 1968). In the solving 

of switch-light problems by adults (Davis, Train, and Manske, 

1968), positive transfer from prior learning of verbal rules 

was shown to be greater than from prior trial and error 

learning. Positive transfer was demonstrated in children 

(Kingsley and Hall, 1967) on conservation tasks by analyzing 

such tasks and developing learning hierarchies for their 

accomplishment. Task analysis and subsequent practice of 

related skills appeared to augment the transfer of learning. 

Traditionally, the topic of problem solving has been 

treated separately from that of transfer (Ellis, 1965), but 

usually studies of problem solving have involved some pre

liminary activity in which the learner practiced a task and 

subsequently undertook a criterion task related to that 

preliminary activity. The experimental design of such 

studies assumed transfer of learning between the practiced 

and criterion task. Variables which most frequently have 

been examined in problem solving transfer were (1) varia

tions in the mode of presentation of material and (2) the 

variety of tasks learned during training. For example, 

material which is presented to students to be "reasoned out" 

or understood, has been shown to transfer to newly related 
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problems more readily than information simply memorized by 

students (Hilgard, Irvine, and Whipple, 1953). Hovland and 

Morrisett (1959) have demonstrated that preliminary training 

which stressed complete learning of a problem as well as 

experiencing several variations of the problem yielded 

maximum transfer to other related problems. In general, 

transfer of learning has been greatest (Ellis, 1965) when 

(1) the method of instruction is similar to the ultimate 

testing condition, (2) initial practice is concentrated on 

basic skills relating to the task, (3) components of the 

task are presented contiguously, (4) a broad variety of 

stimuli is offered in learning the task, and (5) the teacher 

guides the student through the use of cues in solving the 

problem. All of these characteristics are techniques or 

strategies of instruction, which may be employed by the 

teacher in a classroom setting. 

Strategies in problem solving usually pertain to the 

behavior of the learner rather than the instructor and 

include self-management operations which guide the indi

vidual in attacking the problem, in contrast to learning 

intellectual skills directly related to the task. For 

example, to "discover a combination" or "organize simple 

learning sets into more complex patterns" implies the use of 

some strategy on the part of the learner. Few studies have 

been conducted on the use of strategies when learning 

subjects within a classroom. Laboratory studies of 
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selection strategies with cards (Bruner, Goodnow, and 

Austin, 1956) revealed that some tactics used by students 

were more effective than others in discovering concepts 

imposed by the experimenter. However, strategies which 

remain inflexible with changing problems may produce nega

tive rather than positive transfer (Luchins, 1942). 

Strategies are intrinsic too in the method of instruction 

used by the teacher as well as the learning materials 

presented to the student. Gagne (1970) has indicated that 

the teaching of problem solving styles or strategies per se 

would be possible, but that without acquired masses of 

intellectual skills that are a part of the problem, the 

student would have inadequate knowledge to which such 

heuristic devices could be applied. The complexity of the 

strategy seems circumscribed by the kinds of skills which 

the learner brings to bear upon the task. 

Fleishman (1966) has described a skill in terms of 

level of proficiency on a specific task or limited group of 

tasks. This description is performance oriented and infers 

some measurable behavior directed toward a goal. Further, 

more specific usage of the term "subordinate skills" implies 

an analysis of the task through specific skills. Task 

analysis and subsequent teaching of subordinate skills are 

thus directed toward measurable behavior and some kind of 

accountability within either a laboratory or classroom 

setting. The measurement of abilities, in contrast, is 



aimed toward quantifying broader traits of individuals, 

which are inferred from certain response consistencies 

(e.g., correlations) on certain kinds of tasks (Fleishman, 

1966). As Bergan (1971) has pointed out, ability measures 

are useful for selecting individuals for inclusion within 

some group on the basis of a performance criterion, but they 

are not well suited to the task of teaching intellectual 

competencies. Basically, this is because there is no clear 

basis for determining what behaviors need to be taught to 

master a given ability. More often than not, the classroom 

teacher is interested in having the student accomplish some 

task. However, even diagnostic ability tests do not spell 

out which skills the student knows in relation to the 

criterion task. Anderson (1967) has stated that descrip

tions through factor analysis provide a sort of taxonomic 

task analysis, but that such labels do not reveal the order 

in which the ingredients should be added to produce a complex 

skill. Neither diagnostic tests of ability nor factor 

analysis seem immediately applicable to acquisition of 

intellectual skills through task analysis. 

Guilford (1967) has argued that factor theory 

reveals most learning to have general as well as specific 

components, but that we do not know to what extent each 

factor can be learned. His cubical model representing the 

structure of intellect contains the dimensions of opera

tions, contents, and products. Within each dimension are 
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more specific classifications. For example, operations 

consist of evaluation, convergent thinking, divergent 

thinking, memory, and cognition. According to Guilford, the 

basis for these five operations is heredity, but environment 

interacts through content and products with each operation 

to produce unique classes of mental activity or special 

ability. Such closely defined factors seem similar to the 

intellectual skills discussed by Gagne. As an example, the 

specific ability of cognizing semantic systems is best 

represented by a test composed of arithmetic-reasoning 

items. The answers to such items require that the student 

choose the arithmetical operations (such as addition and 

division) which are necessary for solving the problem. It 

is conceivable that such an ability could appear as a 

subordinate skill within the hierarchy of a learning task, 

even though Guilford would probably contend that this 

ability should transfer to other systems of a verbal nature 

besides arithmetic. It is interesting that in factor 

analyses of three problem-solving tasks, Guilford, 

Christensen, Frick, and Merrifield (1962) found no separate 

problem-solving factor, which supports the contention that 

such complex behavior is not wholly different from more 

elemental patterns of behavior. 



CHAPTER 4 

METHOD 

Subjects 

The subjects were members of five biology classes in 

grades 9 through 12 at Santa Rita High School, located in 

Tucson, Arizona. Members of the classes were hetero-

geneously grouped, with intelligence stanines ranging from 

one through nine and a mean stanine of approximately five. 

Of 144 students who originally began the experiment, 39 were 

eliminated from consideration in the final results, because 

they missed at least one of the experimental learning 

sessions. One subject was excluded from the study because 

he was able to solve eight out of ten one-trait genetics 

problems on the pretest. This left an N of 104 subjects, 

59 boys and 45 girls. All subjects had completed at least 

the eighth grade and none had finished the 12th grade. 

There were 52 subjects in both the group trained in sub

ordinate skills (ST) and the group taught by the expository 

method (ET). Within each learning condition, one-half or 

26 of the subjects had scored relatively high on the Lorge-

Thorndike Multi-Level Intelligence Test, and 26 of the 

subjects had placed relatively low on the measure. 

19 
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Measures 

The Aptitude Test 

All subjects were administered the verbal and non

verbal sections of the Lorge-Thorndike Intelligence Test 

(Lorge, Thorndike, and Hagen, 1964), Multi-Level Edition, 

Level F, over a two-day period. The verbal section con

sisted of four subtests, one of which included problems in 

addition, multiplication, and per cent. This subtest 

undoubtedly tested some of the subskills necessary for 

solving one-trait genetics problems. The non-verbal section 

also included a numerical completion subtest, which would 

test at least one of the subskills necessary for solving 

one-factor genetics problems. Probably other subordinate 

skills required in the criterion task were tested as well 

in the intelligence measure. Both the verbal and non

verbal sections were scored in stanines, and these were 

summed and averaged. Subjects were divided into high and 

low groups by splitting them at the median of the averaged 

stanines. Subjects who scored above the median were 

designated as members of the high intelligence group, and 

those subjects who scored below the median were named to 

the low intelligence group. 

The Criterion Test 

An assortment of test questions involving one-trait 

genetics problems was reviewed by the teacher and a total of 



ten questions was selected for the criterion pretest. The 

problems selected were restricted to those which involved a 

type of inheritance known as Complete Dominance. Ratios 

stated in the problems approximated known ratios found in 

such dominance. The terms used to describe each problem 

were selected from those which seemed to be most frequently 

used in high school textbooks and tests. The responses to 

the questions required short answers to be reported in 

ratios, per cents, or one or two words. Thus, the answers 

did not emphasize a student's ability to verbalize, but 

rather to solve the problem and state the answer correctly 

and concisely. Key words in each problem were underlined to 

assure that the student would not overlook the importance of 

these terms (see Appendix A). A parallel test (From B) was 

prepared for the posttest. The problems consisted basically 

of the same questions contained in the pretest for the 

criterion; however, in Form B, only the kinds of animals and 

plants and their characteristics were changed, along with 

the order of presentation of some of the problems (see 

Appendix A). A thirty-minute period was allowed to complete 

the pretest, preceded by a three- to five-minute introduc

tion to the problems by the teacher (see Appendix A). Each 

correct problem received a score of 3 points, since some of 

the problems required as many as three answers and avoiding 

fractional scores seemed desirable in subsequent analysis. 
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The same time interval for test completion, and the same 

scoring system were used in the posttest. 

The Transfer Test 

Three different kinds of one-trait genetics problems 

were used in the transfer test with two examples for each 

type of problem. The first kind of problem examined 

inheritance through Incomplete Dominance (see Appendix A), 

sometimes referred to as Blending Inheritance. A second 

type of transfer problem described the presence of multiple 

alleles or genes in some forms of inheritance, such as with 

human blood. The third kind of inheritance considered sex-

linked characteristics, whose genes are carried on the sex 

chromosomes. Each type of problem was preceded by informa

tion which explained the new variations of inheritance, 

although all problems were limited to one-trait inheritance. 

As in the criterion test, key words were underlined in the 

problems, and the responses required consisted of one or two 

words (see Appendix A). The transfer test was presented to 

the subjects immediately following the completion of the 

criterion test. It was a 20 minute test and was scored in a 

manner similar to that used with the performance test. 

The Learning Hierarchy 

The subordinate skills learning program was devised 

using an approach suggested by Gagne and Paradise (1961), 

wherein the following question is asked: What would the 



individual have to be able to do in order to perform this 

task, when given only instructions? This question was first 

asked of the final task, that of solving one-trait genetics 

problems. The answer to that question defined subordinate 

intellectual skills, each of which in turn seemed to be 

logically dependent upon one or more subskills. The ques

tion was repeated for each subordinate skill until an entire 

learning hierarchy had been identified (see Figure 1). Each 

block in the hierarchy contains a description of a behavior 

(or related behaviors) which the student had to perform to 

demonstrate mastery of a particular intellectual skill. 

Most of the blocks at the beginning of the hierarchy (Level 

V) could have been divided into even more specific sub-

skills, but the skills shown at that level seemed to repre

sent a logical beginning for a learning program with high 

school students. The levels of the hierarchy were indicated 

by Roman numerals. The skills identified at any given level 

were assumed to be at some distance, vertically, below 

related higher skills. Lines with arrows leading from one 

block to another were drawn to show logical relationships 

between subordinate skills. It was assumed that students 

who performed successfully a skill at a higher level, had 

also mastered all subordinate skills at a lower level which 

were related to it (as indicated by lines and arrows). The 

letters which follow the Roman numerals for the levels in 

Figure 1 designate which subordinate skills appear more 
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Figure 1. Learning hierarchy for one-trait genetics 
problems. 



closely related at a given level. The Arabic numerals 

succeeding each letter denote the horizontal position in the 

hierarchy beginning with the number one on the left. The 

substance of each subordinate skill may be examined in the 

Subordinate Skills Test (see Appendix A) and the Subordinate 

Skills Learning Program in Appendix B. The highest sub

ordinate skill in the learning hierarchy, IA, called for a 

behavior that was within the domain of solving one-trait 

genetics problems, and yet had a more limited application. 

Thus, the end task was only the final step in a learning 

sequence, which generalized previously learned rules and 

subskills to a larger class of stimulus situations. 

The Subordinate Skills Test 

The learning hierarchy just described provided the 

framework for writing the Subordinate Skills Test. Two or 

more questions were written for each subskill identified in 

the hierarchy. Each set of questions was introduced by the 

behavioral objective required in the intellectual skill (see 

Appendix A). The test began logically with the simpler 

subskills required to solve one-factor genetics problems and 

ended with the more complex skills needed to solve such 

problems. Short answers were necessary to complete the 

questions in the Subordinate Skills Test, again deemphasizing 

the subject's ability to verbalize. 
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Scoring on this test was translated into a pass (+) 

or fail (-) value. Some subordinate skills contained as 

many as ten questions, and a level of Q0% of the questions 

answered correctly was arbitrarily assumed to show mastery 

(+) of the skill. If the intellectual skill contained only 

two questions, both items would have to be correct for the 

subject to pass (+) the skill. The time allowed to complete 

the Subordinate Skills Test was one class period of 

approximately 55 minutes. A relatively short introduction 

to the test was given by the teacher and is shown in 

Appendix A. 

Materials 

The Subordinate Skills Program 

Subjects who were taught the subordinate skills in a 

logically increasing hierarchy of complexity received five 

program booklets mimeographed on 5" by 8" paper and bound by 

two 5" by 8" cards stapled at the sides. Each booklet was 

labeled with a title, which summarized the material dis

cussed (see Appendix B). An introductory discussion of how 

each program booklet should be used by the student was 

presented on a five-minute tape immediately preceding the 

presentation of the first booklet (see Appendix B). 

The first booklet presented to the subjects con

tained a discussion and questions on multiplication, 

fractions, and per cents. It consisted of 15 frames, not 
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including answers to the questions which were placed on the 

back of the related frame. Mimeographed answer sheets were 

prepared for each booklet with blanks numbered to correspond 

to the frame numbers (see Appendix B). The second booklet 

was relatively short, containing six frames plus answers on 

the back of each frame. The booklet discussed ratios and 

proportions and included questions on each subordinate skill. 

The third booklet examined the subjects of chance and proba

bility. It contained 11 frames composed of discussion and 

related questions. The fourth booklet examined the process 

of meiosis and consisted of 16 frames, not including answers 

to questions on the back of most of the frames. The final 

sequence dealt with the principles of heredity and contained 

18 frames plus answers to questions on the reverse side of 

the majority of the frames. 

The titles for each booklet were purposely used to 

assist the student in integrating and recalling the learned 

subskills, which were applicable to the final task of solving 

one-trait genetics problems. Each reading related to a 

particular subskill was preceded by a question designed to 

see if the subject knew the material before reading the 

frame. No answer was given on the back of the frame to this 

introductory question. On each answer form for a booklet 

(see Appendix B), a space was allowed for corrected answers, 

which the students used if their original response was 

incorrect. This format was intended to help the subject 



28 

practice and correct skills which he was unable to perform 

initially. Each booklet is listed in Appendix B in the 

order in which it was presented to the subject. Further, 

each reading and its related questions and answers are listed 

in Appendix B under the applicable subordinate intellectual 

skill of the learning hierarchy, although such headings did 

not appear on the learning program used by the students. 

The primary sources for the material used in the 

Subordinate Skills Program were a ninth grade basic 

mathematics textbook (Wilcox and Yarnelle, 1967), a 10th 

grade biology textbook (Biological Sciences Curriculum 

Study, 1968a), and a genetics booklet (Haffner, 1968) for 

high school students. 

The Expository Program 

The program presented to one-half of the subjects 

learning how to solve one-factor genetics problems consisted 

of methods which are probably common to many high school 

biology classrooms. Students in the program were subjected 

to lecture, discussion, film strips, and laboratories on the 

subject of one-trait genetics problems. The teacher demon

strated how to solve portions of the problem as well as the 

whole problem. In the laboratory periods, some of the skills 

required of the final task were practiced by the subjects 

through answering questions in their student laboratory 

guide (Biological Sciences Curriculum Study, 1968b). All of 
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the subskills studied in the subordinate skills program were 

presented in some form to subjects in the expository pro

gram. However, most subskills identified in the learning 

hierarchy were not specifically practiced. The practice of 

each intellectual skill was either a silent mental process 

or an operation performed incidentally by the student when 

solving the more general task. Thus, the expository program 

emphasized understanding the final task of solving one-

factor genetics problems, rather than mastering the sub

ordinate skills leading up to that task. The following 

paragraphs discuss the material presented during each day's 

study to subjects in the expository learning program. 

On the initial day of expository training, subjects 

performed part of a Laboratory on Randomness, Chance, and 

Probability in a biology laboratory guide (Biological 

Sciences Curriculum Study, 1968b). Part A of the laboratory 

discussed the Product Rule and required the students to 

throw a single die and eventually a pair of dice. The 

probability of rolling an odd number on each die was com

pared to the probability that a particular gene would occur 

in a gamete, or sex cell. Subjects worked in pairs with one 

student tossing the die, and the other subject recording the 

number of odd and even throws. Deviations were estimated 

from expected values for 10 tosses and eventually 100 throws. 

The classes' data were pooled, and subjects could observe 

the answer to questions such as: "How does the total for 
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100 throws compare to ^ odd :Jg even?" Students calculated 

deviations in per cent for their sample, with examples being 

demonstrated by the teacher. Eventually, the subjects 

rolled a pair of dice, letting one represent the sperm and 

the other an egg. The frequency of each combination was 

observed and compared to an expected frequency based on the 

Product Rule, stating that the probability of combined events 

was equal to the probability of the product of the separate 

events. The student was asked to calculate the probabilities 

of the four combinations separately (egg-egg, egg-sperm, 

sperm-egg, sperm-sperm) using algebraic multiplication with 

symbols denoting the odd or even number of the egg or sperm, 

and fractions representing the probability of individual 

events occurring. The student was then asked: "Suppose that 

E were dominant over O, so that when the combination was EO, 

you could not distinguish it from EE—then what would the 

ratio of even combinations to odd ones become?" Part B of 

the Laboratory on Randomness, Chance, and Probability was 

begun on the first day of training, also. Students were 

asked to use the Product Rule to determine the probability 

of more than two combined events, as for example: "What is 

the probability of getting a family of three, all of whom 

are boys?" 

During the second day, the results for part A and 

part B of the Laboratory on Randomness, Chance, and Proba

bility were discussed by the teacher and students. In the 



last half of the period, a filmstrip consisting of 40 frames 

on the Maturation of Gametes (F.O.M., 1966), or Meiosis, was 

shown to subjects in the expository program. In the early 

frames, the filmstrip briefly reviewed the process of 

mitosis, or nuclear division of body cells. Frame numbers 6 

through 10 discussed the significance of meiosis in reducing 

the chromosome number during the formation of gametes. For 

example, using an appropriate illustration of two gametes 

forming a fertilized egg or zygote, frame number 10 asked: 

"Why is it necessary that each gamete have half the chromo

some number of a normal body cell?" Frame numbers 11 through 

16 of the filmstrip made a general comparison of what happens 

to the chromosome number in both the mitotic and meiotic 

process. Frame number 17 began a specific comparison of 

each phase of meiosis with that of mitosis. Frame number 37 

made an important statement when it stated that: "Chromo

somes may line up during the metaphase of meiosis in 

various ways. Therefore different chromosome combinations 

are possible when gametes are produced." The teacher 

emphasized the chromosome variation and subsequent genetic 

variation produced by meiosis. This process and the reduc

tion in chromosome and gene number in forming the gametes 

were stressed throughout the discussion of the filmstrip. 

On the third day, the Laboratory on Inheritance of 

One-Factor Differences, part B, in the students' biology 

laboratory guide (Biological Sciences Curriculum Study, 



1968b), was accomplished by the students. In this labora

tory, the subjects were required to count the number of 

purple and yellow kernels on an ear of corn showing a 

simple, one-trait inheritance. After calculating the per

centage of each type of kernel, the students were asked: 

"Are the two percentages close to any ratio of small whole 

numbers?" The ratios determined by the students were placed 

on the board, and each ratio was simplified after class 

discussion. Subsequent questions in the laboratory guide 

asked the students to determine what kind of parents, 

genetically speaking, had produced such ratios. Algebraic 

crosses and Punnett squares were methods demonstrated in the 

laboratory guide to assist students in answering such 

questions. Subjects were asked to complete the questions to 

part B for the next day's discussion. 

The final day of training for the expository group 

included a discussion of the answers to questions in the 

student laboratory guide on Inheritance of One-Factor Dif

ferences. The teacher demonstrated how to solve one-trait 

problems using both the Punnett square method and algebraic 

multiplication. This led naturally to a lecture and discus

sion of the chapter on Patterns of Heredity in the students' 

biology textbook (Biological Sciences Curriculum Study, 

1968a). Specifically, the teacher examined Gregor Mendel's 

work with garden peas, including terms used in solving one-

trait genetics problems. All problems in the textbook 
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concerning the inheritance through the Laws of Complete 

Dominance and Segregation were explained on the blackboard 

by the teacher. Table 1 shows which skills in the learning 

hierarchy were studied in specific portions of the exposi

tory program. All of the subordinate skills found within 

the learning hierarchy for one-factor genetics problems were 

included at some point in the expository learning condition. 

Pro cedure 

The investigator was the teacher and administered 

all learning programs and tests undertaken by the students. 

All subjects were initially tested on the criterion, that of 

solving one-factor genetics problems. Any student who was 

able to accomplish at least four out of five problems was 

eliminated from the experiment. One subject was thus 

rejected. All remaining students were given an intelligence 

test, both a verbal and nonverbal section, and subsequently 

divided into two groups at the median of the standardized 

test scores. Both the high intelligence and low intelli

gence subjects were assigned at random to one of two 

experimental conditions, namely (1) subordinate skills 

training (ST) or (2) expository teaching (ET). Each experi

mental group received separate training for four days in 

adjacent rooms on one of the two learning programs. On the 

fifth day, all subjects took a 30-minute posttest on one-

trait genetics problems after receiving five-minute 
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Table 1. Comparison of Expository Training Applicable to 
Subskills in Learning Hierarchy 

Hierarchy 
number 

Behavioral 
description 

Applicable expository 
training 

\ Distinguish between 
letter symbols 
representing genes 

1. 

2. 

Chapter on Patterns of 
Heredity3 
Laboratory on Inheritance 
of One-Factor Differences 

% Identify basic 
genetic terms 

1. 

2. 
3. 

4. 

Laboratory on Randomness, 
Chance, and Probability 
Filmstrip on Meiosis 
Laboratory on Inheritance 
of One-Factor Differences 
Chapter on Patterns of 
Heredity 

\ Demonstrate how to 
simplify and 
approximate ratios 

1. Laboratory on Inheritance 
of One-Factor Differences 

% Demonstrate writing 
fractions and 
decimals as per 
cents 

1. 

2. 

Chapter on Patterns of 
Heredity 
Laboratory on Inheritance 
of One-Factor Differences 

Apply rule that 
genes operate in 
pairs 

1. 

2. 
3. 

Laboratory on Randomness, 
Chance, and Probability 
Filmstrip on Meiosis 
Chapter on Patterns of 
Heredity 

IV*2 
Apply rule that 
genes derive from 
separate gametes 

1. 
2. 

Filmstrip on Meiosis 
Chapter on Patterns of 
Heredity 

T\ 
Add and multiply 
fractions, integers, 
and combinations of 
both to obtain 
products 

1. 

2. 

Laboratory on Randomness, 
Chance, and Probability 
Chapter on Patterns of 
Heredity 

IVb2 
Apply rule to 
determine per
centages of 
integers 

1. 

2. 

Chapter on Patterns of 
Heredity 
Laboratory on Randomness, 
Chance, and Probability 
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Table 1.—Continued 

III. Apply process of 
meiosis to chromo
some number 

1. Filmstrip on Meiosis 

III A, 

III B, 

Apply Law of 1. 
Dominance to p'neno-
type and genotype 2. 
ratios 

Apply rule to find 1. 
probability of 
occurrence of single 
event 

Laboratory on Inheritance 
of One-Factor Differences 
Chapter on Patterns of 
Heredity 

Laboratory on Randomness, 
Chance, and Probability 

III 

II. 

B, Apply proportional 
rule to determine 
per cents 

Apply process of 
meiosis to genetic 
variation 

1. Demonstrated in Chapter 
on Patterns of Heredity 

1. Filmstrip on Meiosis 

II. Demonstrate how to 
make genotype 
crosses 

1. Laboratory on Inheritance 
of One-Factor Differences 

II B Apply rule to find 1. 
probability of two 
or more events 2. 
occurring in com
bination 

Laboratory on Randomness, 
Chance, and Probability 
Laboratory on Inheritance 
of One-Factor Differences 

Demonstrate pheno-
type and genotype 
ratios using Laws 
of Dominance and 
Segregation 

1. Laboratory on Inheritance 
of One-Factor Differences 

2. Chapter on Patterns of 
Heredity 

a 

Sources listed in the order of importance to the 
subordinate skill. 



instructions about what skills would help in solving the 

problems (see Appendix A). Following this measure, the 

subjects undertook a 20-minute transfer test, working 

genetics problems of the same general class. On the sixth 

school day, all students received a 50-minute test on the 

subordinate skills of the learning hierarchy considered 

necessary to master one-factor genetics problems. 

ST Group 

On the first day of training, the ST subjects 

received taped instructions on the use of the learning 

booklets to be read, and also instructions on how to 

complete answer sheets for each booklet (see Appendix B). 

The proper use of the booklets was reemphasized briefly 

each day before beginning a program. If a subject finished 

a program before the period ended, he was instructed to 

reread the booklet, especially sections which he had found 

difficult. Correct answers on the learning program answer 

sheet guided the students in this task. All subjects read 

and worked the booklet discussing Multiplication, Fractions, 

and Per Cent in the initial session. The second day's 

program required the students to read and answer questions 

on Ratios and Proportions, a relatively short booklet of six 

frames, and also a longer sequence on Chance and Probability. 

The fourth booklet, on Meiosis, was studied by subjects on 

the third day of the program. On the last day of the 
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learning program, the students examined the answered ques

tions from the booklet concerning the Principles of 

Heredity. A laboratory assistant aided the teacher in 

monitoring the procedural requirements of the program in 

all but one of the classes. Each day's session was 

approximately 50 to 55 minutes in length. 

ET Group 

The program for subjects relegated to the ET condi

tion, which included lecture, discussion, filmstrips, and 

laboratories concerning one-factor genetics problems was 

previously discussed in some detail (see Materials). 

Subjects in the ET program received training periods 

equivalent to those students involved in the subordinate 

skills training program, and also a greater amount of 

personal guidance from the teacher. The ET approach was 

similar in classroom procedure to what had previously been 

experienced by biology students during the school year. 

Treatment of the Data 

The measures of the three performance variables, 

namely the criterion task, transfer task, and subordinate 

skills achievement, were analyzed separately in a 2 x 2 

factorial design using randomized groups for the ET and ST 

teaching methods within two fixed levels, that of high and 

low intelligence. The .05 level of significance was 

established as a criterion for significant differences and 
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rejection of the null hypothesis between the teaching treat

ments, and also between the intelligence levels on all 

subsequent statistical analyses of the study. 



CHAPTER 5 

RESULTS 

Introduction 

The results of the present study have been described 

with the following organization in mind. First, analyses 

between the ST and ET subjects on the measures of 

performance have been reported. Also, relative dif

ferences and similarities in performance between high and 

low intelligence students have been compared within each of 

the learning conditions. Second, the effect that the ET 

and ST conditions have had on transfer among intellectual 

skills in the learning hierarchy has been investigated. 

Third, individual patterns for high and low achievers in 

such transfer have been reported. In addition, correla

tional patterns between the variables of subskill acquisi

tion and problem solving have been determined. 

Measures of Performance 

In Table 2, the means and standard deviations are 

presented for the ST and ET conditions on the three measures 

of learning performance. A maximum score on the criterion 

of solving one-trait genetics problems is 30 points. The 

highest score possible on the transfer test of genetics 

problems in the same general class is 18 points. The total 

39 



Table 2. Means and Standard Deviations on the Performance Measures by Intelli
gence Level for Students Who Practiced Subordinate Skills and Students 
Who Learned by the Expository Method 

Subordinate 
Criterion Test Transfer Test Skills Test 

Experimental 
Condition N M SD M SD M SD 

Subskills training 
High intelligence 26 16. 25 6.03 7.56 3.16 11.96 3.07 
Low intelligence 26 9. 21 4. 51 5.17 3.01 5.65 3.04 
Total 52 12. 73 6.41 6. 37 3.34 8.81 4.82 

Expository training 
High intelligence 26 11. 31 5.65 4. 50 3.18 8.42 
Low intelligence 26 8.44 5.82 3.81 3.12 5.08 
Total 52 9.88 5.86 4.15 3.17 6.75 
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score possible on the test of subordinate skills is 17 

points. Table 2 shows that neither training in subordinate 

skills nor learning by an expository method was very 

successful in helping subjects to solve one-factor genetics 

problems. It can be seen also that subskill training for 

students of relatively high intelligence was the most 

effective program. The table also indicates that practicing 

subordinate skills is more rewarding than training by 

expository methods in all three measures of performance 

(criterion, transfer, and skills). For the criterion 

measure and the subordinate skills test, the mean score 

disparity between low and high intelligence ST subjects is 

obvious. The mean score difference on the transfer test is 

less apparent between low and high intelligence ST subjects. 

Students exposed to the ET condition generally show smaller 

mean differences between high and low intelligence in the 

three performance tests, although the same trend is present 

as found in the ST condition. The subordinate skills 

measure reveals the most pronounced disparity between low 

and high intelligence ET subjects. 

A comparison of characteristics among subjects 

randomly selected for the ST and ET programs was made for 

age, sex, and IQ. The mean age of the ST subjects was 16 

years (SD = 9.9) as compared to 16 years and one month 

(SD = 10.2) for ET students. The mean IQ (stanine units) 

for the ST group was 4.70 (SD = 1.5) and 4.81 (SD = 1.5) for 



42 

ET subjects. Using a score of 1 to represent males and a 

value of 2 to represent females, the mean measure for the 

sex of the ST subjects was determined to be 1.52 (SD = .50) 

and 1.62 (SD = .49) for the sex of the ET students. Thus, 

subjects selected for each of the two learning conditions 

appeared to be similar for the variables of age, sex, and 

intelligence. However, t values for differences in intelli

gence between the high and low groups were significant 

(p < .01) for both ST and ET subjects, thereby substan

tiating the high-low labels. 

A separate analysis of variance (Edwards, 1968) was 

performed for each of the three performance factors (see 

Table 3). All of the analyses indicated significant dif

ferences (p < .01) between the ET and ST methods, thereby 

substantiating that the ST program was more successful than 

the ET method. As expected, differences between high and 

low intelligence subjects in all of the three performance 

measures were also significant (p < .05). There was a 

significant interaction (p < .05) between the learning 

method and intelligence factor, and as shown in Figure 2, 

the difference in mean scores for the ST and ET training 

methods was greatest for students of high intelligence. In 

the measures of transfer and subordinate skills, the sig

nificant differences between subordinate skills training and 

expository learning was not dependent upon the intelligence 

of the subjects. 



Table 3. Analyses of Variance on the Criterion, Transfer, and Subordinate Skills 
Measures 

Subordinate 
Criterion Test Transfer Test Skills Test 

Source df MS F MS F MS F 

Training (A) 1 214. ,00 6. ,91** 127. ,00 12. , 70** 1,085 13. ,71** 

Intelligence (B) 1 629. ,00 20. , 29** 61. ,50 6. ,15* 5,408 68. ,33** 

A x 3 1 123. ,20 3. ,98* 18. .61 1. ,85 121 1. ,52 

Error 100 30. ,96 10. .10 79 

*p < .05. 

**p < .01. 
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Figure 2. Mean scores on criterion genetics test by 
students of low and high intelligence who 
practiced the subordinate skills and similar 
students trained by the expository method. 
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In general, the product-moment correlations pre

sented in Table 4 showed values which might be expected. 

For example, subjects trained in subordinate skills had a 

higher correlation between the criterion test (problem-

solving) and the subordinate skills test (.65), than did 

students who learned by the expository method (.44). The 

correlation between the subordinate skills test and the 

transfer test was moderate for the ST (.39) and the ET 

(.34) groups. Since the subordinate skills were not 

established specifically for the transfer test, these lower 

correlations might have been anticipated. 

Table 4. Correlations Among the Criterion Test, Transfer 
Test, and Subordinate Skills Test for Students 
Who Practiced Subordinate Skills and Students 
Trained by the Expository Method 

Subskill training Expository training 
group group 

(N = 52) (N = 52) 

Measure 

1. Criterion Test — .24 .65 — .32 .44 

2. Transfer Test — .39 — .34 

3. Subskills Test 
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Transfer of Skills 

Positive transfer is said to occur in a learning 

hierarchy (Gagne and Paradise, 1961), when patterns of 

passing or failing a higher level intellectual skill are 

consistent with passing or failing a supporting skill of a 

lower order. Specifically, if a subject fails (-) a sub

ordinate skill at a given level, he should fail (-) a 

related subskill at the next higher level. If he passes 

(+) related subskills at the lower stage, he should pass 

(+) the next intellectual skill at a more complex level. 

The theory of positive transfer is contradicted if the 

subject fails (-) a lower order subordinate skill, but 

passes (+) a related skill of a higher order. The fourth 

possibility, that the subject pass (+) a lower subordinate 

skill but fail (-) a related higher subskill is literally 

speaking, not positive transfer. However, since the 

inability to pass the next higher subskill could be due to 

several factors, this condition does not oppose the theory 

of positive transfer in hierarchical learning (Gagne and 

Paradise, 1961). 

ST Group 

Since the only criterion placed upon subordinate 

skills which appeared at the same level, was that they show 

approximately the same degree of complexity, it seemed 

appropriate to measure the positive transfer between 
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adjacent subskills which were logically related. Table 5 

presents the pass-fail relationships extracted from an 

analysis of the subordinate skills test for subjects who 

practiced the subordinate skills. In general, the frequency 

of the ++ pattern gradually decreases as one moves higher in 

the learning hierarchy, or further down the table. The 

total testable frequency considers only columns 1, 2, and 

3, since column 4 neither supports nor rejects the theory of 

positive transfer. The proportion of subjects which showed 

positive transfer is obtained by dividing instances of 

positive transer (++, —) by the total testable frequency 

(++, —, -+). Positive transfer ranges from .84 to 1.00 

with a mean value of .92. This measure significantly 

exceeds the chance value of .67 which could occur for the 

proportion of positive transfer. The reliability of the 

subordinate skills test might be questioned, since many of 

the subskills in the test were measured by only two pass-

fail items. A reliability coefficient (.94) by the Kuder-

Richardson method (Garrett, 1958) indicated that the inter-

correlation of test items and the correlation of items with 

the whole test was relatively high, and that therefore the 

test was sufficiently reliable. 

The final column in Table 5 reveals the proportion 

of lower skill or related skill transfer within the learn

ing program, and is perhaps a more practical measure of the 

relative success or failure of individual learning frames 



Table 5. Pass-Fail Patterns of Achievement Between Lower and Higher Level Skills 
and the Proportion of Positive and Lower Skill Transfer in Students Who 
Practiced the Subordinate Skills (N = 52) 

Transfer from 
learning set 

Frequency of pass-
fail pattern— 
lower, higher 

++ — -+ +-
(1) (2) (3) (4) 

Total 
testable 
frequency 

(1) + ( 2 ) + ( 3 ) 

Proportion 
positive 
transfer 

(1) + ( 2 ) 
(1)+(2)+(3) 

Proportion 
lower 
skill 
transfer 

( 1 )  

(1)+(4) 

r+
 

o
 

VA, 21 12 1 18 34 .97 .54 
1 2 0

 
-P 

1—1 
>
 IVA A1 

33 7 6 6 46 .87 .85 

VA t0 
A1 

IVA 2 
25 9 4 14 38 .89 .64 

N)
 rt
 

O
 

nA, 
2 

15 25 5 7 45 .89 .68 

VR to 
b2 

IVR 
2 

39 4 3 6 46 .93 .87 

VB1 to IVB! 33 8 8 3 49 .84 .92 

VB1 to IV«3 
25 9 7 11 41 .83 .69 

IVA to IVA 24 8 5 15 37 .86 .62 
1 2 

IVa to 
2 

I I X A  A1 
13 18 5 16 36 .86 .45 

IVR to 
B1 

28 8 3 13 39 .92 .68 

IVB to 
2 

IHn 

2 
20 8 2 22 30 .93 .48 

oo 



Table 

IVB to IIIo 19 17 3 13 
3 2 

IIIB to IIB 8 26 4 14 

IIIA to II, 5 33 1 13 
A1 A1 

IIIB to IIB 11 20 1 20 

Ilia to IIA 13 27 5 7 
2 2 

IIIA to IA 6 32 0 14 

IIA to IA 4 44 2 2 

IIA to IA 6 34 0 12 

IIB to IA 4 38 2 8 

Mean transfer 

-Continued 

39 .92 .59 

38 .89 .36 

39 .97 .28 

32 .97 .35 

45 .89 .65 

38 1.00 .30 

50 .96 .67 

40 1.00 .33 

44 .95 .33 

.92 .56 
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than is the column on proportion of positive transfer. This 

is because the former column determines the proportion of ++ 

and +- scores to +- values only. If one assumes that the 

chance of a ++ event occurring is equal to the probability 

of a +- pattern happening (a rather stringent assumption), 

then a chance value of .50 would be predicted for lower or 

related skill transfer. The mean proportion of lower skill 

transfer between all of the subordinate skills examined, was 

actually .56, not significantly higher than the predicted 

value. 

Since each frame in the learning program was intro

duced by a question about the subskill to be mastered, it 

was possible to estimate the per cent of subordinate skills 

mastered by all ST subjects before studying each learning 

frame or set of frames. The approximated mean known sub-

skills was initially 47%. At the completion of the learning 

program and based on the subordinate skills test, the mean 

number of subskills acquired was 52%, which was not signifi

cantly greater than the initial mean number of subskills 

known. 

Another way to examine the relative success of the 

ST program is to determine the percentage of subjects who 

passed each subordinate skill and disregard the effects of 

transfer. Such an analysis disclosed some obvious weak

nesses in the ST method. There were some subordinate skills 

which fewer than 50% of the subjects passed, and several of 



these appeared early in the program indicating that their 

effects were cumulative. For example, subskill IVR , the 
1 

ability to multiply combinations of fractions and integers, 

was passed by only 38% of the students. The use of this 

skill appeared again in subordinate skill IIa , demonstrating 
2 

how to set up a genotype cross using algebraic multiplica

tion. Only 21% of the ST subjects passed this skill. Some 

other subskills which more than half of the students failed 

were V defining meiosis only, and III, and II, 
2 A1 A1 

determining the variations in chromosomes and genes. Each 

of these subordinate skills was presented in the booklet on 

Meiosis. One other subordinate skill, Ilg, determining the 

variations in chromosomes and genes. Each of these sub

ordinate skills was presented in the booklet on Meiosis. 

One other subordinate skill, Ilg, determining the proba

bility of two or more events in combination, was learned by 

only 21% of the students. In general, such low percentages 

imply weaknesses in these areas of the ST teaching program. 

ET Group 

Table 6 showing the transfer for subjects in the ET 

program is similar to that developed for subjects who 

practiced subordinate skills. Since each subordinate skill 

in the hierarchy was specifically taught to ET subjects, a 

chart similar to Table 5 for ST students seemed appropriate. 

The proportion of mean positive transfer for these students 



Table 6. Pass-Fail Patterns of Achievement Between Lower and Higher Level Skills 
and the Proportion of Positive and Lower Skill Transfer in Students 
Trained by the Expository Method (N = 52) 

Transfer from 
learning set 

Frequency of pass-
fail pattern— 
lower, higher 

Total 
testable 
frequency 

Proportion 
positive 
transfer 

Proportion 
lower 
skill 
transfer 

Transfer from 
learning set 

++ 
(1) (2) 

-+ 
(3) 

+-
(4) (1)+(2)+(3) 

(1) + ( 2 ) 
(1) + (2 ) + ( 3 ) 

(1) 
(1) + (4 ) 

VAX to VA 2 
3 21 0 28 24 1.00 .10 

V to IVA 26 12 9 5 47 .81 .84 
1 1 

VA to ivA 8 17 4 23 29 .86 .26 
A1 2 
V& to 

2 11A 2 
3 40 9 0 52 .83 1.00 

Vr to 
2 

IVR 
2 

37 7 6 2 50 .88 .95 

VR t0 
B1 

XVBL 29 7 13 3 49 .73 .91 

VB1 to IVB3 
20 12 8 12 40 .80 .63 

IV, to IVA, 10 15 2 25 27 .93 .29 
1 2 

IVA to 
2 

IIJA A1 
4 28 12 8 44 .71 .33 

IVB to IIID 
B1 

19 9 1 23 29 .97 .45 

IVB to 
2 

IIIR 
2 

19 9 0 24 28 1.00 .44 



Table 6.—Continued 

IV to IIIR 
3 2 

IIIR to II,. 
2 B 

IIIa to IIn 
1 A1 

IIIB1 to IXB 

ii:cA2 to xiA2 

ii:cA2 to IA 

HA to "'"A 

IXA2 to IA 

11B t0 XA 

16 

0 

3 

0 

8 

2 

1 

2 

0 

21 

33 

35 

35 

35 

41 

47 

40 

50 

3 

0 

1 

0 

5 

0 

1 

0 

2 

12 

19 

13 

20 

4 

9 

3 

10 

0 

40 

33 

39 

32 

48 

43 

49 

42 

52 

.93 

1.00 

.97 

1.00 

.90 

1.00 

.98 

1.00 

.96 

,57 

,00 

,19 

, 0 0  

,67 

,18 

,25 

,17 

, 0 0  

Mean transfer 90 ,41 
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was .90 between subordinate skills in the hierarchy, which 

is significantly higher than the expected chance value of 

.67. The proportion of mean transfer from lower or related 

skills to the succeeding subskill was .41, which is not sig

nificantly less than the chance value of .50. The Kuder-

Richardson reliability coefficient (.95) was relatively high 

for the test on subordinate skills, showing high item 

intercorrelation and correlation of items with the test as a 

whole, and indicating that the test had adequate reliability. 

An inspection of the proportion of ET subjects 

passing individual subordinate skills also uncovered some 

apparent defects in the ET method. Subordinate skill IV0 , 

multiplying combinations of integers and fractions, was 

passed by 24% of the subjects, and a related skill, II, , 
2 

forming a genotype cross using algebraic multiplication, was 

acquired by only 17% of the ET students. The largest failure 

was for subjects finding the probability of two or more 

events occurring in combination, subordinate skill Hg, 

which less than 2% of the subjects worked successfully. As 

with subjects in the ST method, subordinate skills in the 

Meiosis booklet, V, (definition of meiosis only), III* , 
2 2 

III, and II, were acquired by less than one-half of the 
1 1 

subjects. Definitions of the terms phenotype and genotype 

found within subskill V, were also recalled by fewer than 
2 

40% of the ET students. Again, such low percentages indi

cate deficiencies in the ET teaching program. 



55 

Individual Learning Patterns 

Table 7 shows the relation between each subordinate 

skill in the learning hierarchy and performance in solving 

genetics problems for both the subjects practicing the 

subordinate skills and students learning by the expository 

method. Significant positive differences for t values 

generally indicated that high achievers in solving one-

factor genetics problems mastered the subordinate skill more 

often than did the low achievers of the problems. For ST 

subjects, high performers revealed significantly greater 

mastery (p < .05) of all subskills than did low achievers 

except in the case of subordinate skill IVfi . In compari

son, for ET students, high achievers on the criterion task 

revealed a greater mastery than low achievers (p < .05) on 

only five subordinate skills, namely VB , V IIL , III, , 
1 2 2 2 

and II, . Also a trend toward increasing differences 
2 

(p < .001) was shown by ST subjects at the more complex 

levels of the learning hierarchy. No such pattern was 

apparent for subjects trained by the expository method. 

When high scorers on one-trait genetics problems 

from both teaching methods were subsumed under one class, 

only the subordinate skills , IVA , IV^ , IVB , 

IIIn , and II. were passed by more than 80% of these 
1 2 

students. A more specific examination of the subordinate 

skills test and specifically the skills not acquired by ET 

and ST subjects who solved at least 7 out of 10 one-factor 
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Table 7. Correlation of Subordinate Skills with the 
Criterion Measure for Students Who Practiced 
Subordinate Skills and Students Trained by the 
Expository Method 

Subskill training Expository training 
group group 

Subordinate (N = 52) (N = 52) 
learning 
skill r , . t r , . t 

% .44 3.50** 

CM 

•
 3.23** % 

.40 3.08** .09 .06 

.46 3.67*** -.03 -.21 

VB . 37 2.85** .43 3.40** 
2 

IVA . 36 2.78** .08 .06 
1 

IV*2 
. 36 2.78** -.01 -.07 

""I 
.37 2.85** . 21 1. 52 

CM 
CQ 
>
 
H
 .22 1.60 .17 1.22 

IVB . 33 2.47* .24 1. 75 
3 

III, 
A1 

.41 3.24** .05 .04 

I I I *  
2  

. 38 2.93** . 33 2.47* I I I *  
2  

IIIR 
B1 

.43 3.40** .10 .07 IIIR 
B1 

IHr, 
2  

. 30 2.25* .41 3.24** IHr, 
2  

HA .47 3.76*** .12 .85 
1  

11A  2  
.59 5.17*** .46 3.67*** 

"B . 50 4.08*** .00 .00 

TA . 58 5.03*** .09 .06 

*p < .05. 
**p < .01. 
***p < .001. 
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genetics problems, disclosed that one-half of them were 

unable to multiply combinations of fractions and integers 

(part of subskill IVfi ) or to use this skill successfully in 

subordinate skill II, , setting up genotype crosses using 
2 

algebraic multiplication. In contrast, all of the high 

achievers on the problems were successful in forming a 

genotype cross using the Punnett square method (skill II, ). 
2 

An attempt was made to compare both ST and ET 

subjects who scored high on both the transfer and criterion 

measures with ST and ET students who placed high on the 

criterion test and low on the transfer task. However, the 

number of subjects in each category appeared too small to 

consider reporting possible differences in subskill acquisi

tion. 

A comparison of subordinate skills mastery with 

intelligence is shown in Table 8 for both the students who 

practiced the subskills and those who learned through 

expository teaching. Values for t which revealed signifi

cant positive differences (p < .05) indicated that subjects 

of high intelligence mastered the subordinate learning 

skills more effectively than did students of low intelli

gence. In all of the subskills except Illg , ST subjects 

with higher intellect showed significantly greater mastery 

(p < .05) than the less intelligent students. In compari

son, ET subjects of high intelligence demonstrated 
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Table 8. Correlation of Subordinate Skills with Intelli
gence for Students Who Practiced Subordinate 
Skills and Students Trained by the Expository 
Method 

Subordinate 
learning 
skill 

Subskill training 
group 

(N = 52) 

Expository training 
group 

(N = 52) Subordinate 
learning 
skill rpbi t r , . pbi t 

VA 
.46 3.64*** . 50 4.08*** 

1 

V A2 

.51 4.18*** .02 .14 

v B  .47 3.76*** .50 4.08*** 
1 

vB 2  
. 58 5.03*** .39 2.96** 

.60 5.30*** .14 1.00 

C
M
 

<
 

>
 
H
 .51 4.19*** .14 1.00 

IV
Bl 

.61 5.40*** . 35 2. 64* 

IVB2 
.45 3.56*** . 30 2. 25* 

I VR 
3 

.43 3 o 40** .40 3.08** 

. 35 2.64* .11 .78 

inA 
2 

. 58 5.03*** .24 1. 75* 

IIIB . 75 7.95*** .34 2. 56* 
1 

I"B2 . 26 1. 90* .34 2.56* 

IIA1 
.43 3.40** .13 .93 

IJA 2 
.40 3.08** . 37 2.85** 

"B .49 3.97*** .00 .00 

ZA .45 3.56*** -.01 -.07 

*p < .05. 
**p < .01. 
***p < .001. 



significant differences over students of low intelligence 

in only 9 out of 17 subordinate skills (see Table 8). 



CHAPTER 6 

DISCUSSION 

The present discussion will evaluate the results of 

the study in regard to the original statement of the problem. 

Initially, the effects of the two learning programs, that of 

subordinate skills practice (ST) or using an expository 

approach (ET), will be compared and analyzed. Second, a 

discussion of vertical transfer up the hierarchical program 

will be examined with respect to the learning of subordinate 

skills. Third, the effects of intelligence upon solving 

one-trait genetics problems will be considered. Fourth, the 

broader problem of lateral transfer across genetics problems 

of the same general class will be discussed. Finally, some 

general implications of the study will be explored. 

Learning Programs 

An examination of the mean scores on the three 

performance tests (criterion, transfer, and subordinate 

skills) of this study indicated that for both levels of 

intelligence, low and high, neither the subordinate skills 

training program (ST) nor the expository learning program 

(ET) was very effective. Only the means on the criterion 

test and subordinate skills test for the more intelligent 

subjects were greater than one-half of the total points 

60 
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possible on the measure. To expect mean scores higher than 

50% of the total does not seem to be too severe a criterion 

for most learning programs. In balance, it should be re

called that both the ST and ET learning programs covered a 

period of only four days. This may be too short a time span 

to present each training method and expect mastery of roughly 

17 subordinate skills with subsequent integration of these 

skills in solving one-factor genetics problems, and applica

tion to variations of such problems within the same general 

class. The fact that the more intelligent subjects per

formed more effectively on each of the three learning tests 

may be largely a result of the relatively short period for 

the learning programs. Looking at Table 2 and Figure 2, it 

becomes obvious too that, except with the performance on the 

subordinate skills test, the differences in achievement 

between ET students of high and low intelligence were not 

large nor statistically significant. Thus, the significant 

differences between the ET and ST learning programs appear 

due largely to the relative success of the more intelligent 

ST students. 

The only significant interaction (p < .05) between 

the main effects of the learning program and intelligence 

occurred on the difference in posttest mean scores in 

solving one-trait genetics problems. Again, Figure 2 dis

closes that the interaction was due mainly to the relative 

success of ST subjects with high intelligence. 
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Duncan's multiple-range test was used to determine 

the significance of the differences between each pair of 

means in Figure 2. In every comparison for the more intel

ligent ST students, the differences were found to be sig

nificant (p < .01). Bracht (1970) has argued that 

interactions must be disordinal between organismic (e.g., 

intelligence) and treatment (e.g., skills teaching) 

variables before one can assume that the organismic factor 

has affected the treatment factor. Bracht considers 

aptitude-treatment-interactions where treatment lines cross 

to be disordinal, only if the differences between both 

treatment means at both levels of aptitude are signifi

cantly non-zero and differ in algebraic sign. This seems to 

be a rather rigorous requirement in view of the fact that 

pretest scores on more complex problems could be extremely 

low for most subjects, regardless of their ability level. 

Such low scores would preclude significant differences 

between the two treatments. 

As Edwards (1968) has pointed out, to establish a 

causal relationship between an organismic variable (e.g., 

high and low intelligence), whose levels are fixed, and the 

treatment levels, it is necessary to demonstrate that the 

level of intelligence is the only way in which the fixed 

groups differ. This seems to support Bracht1s (1970) 

contention that the use of factorially simple organismic 

variables will produce significant aptitude treatment 
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interactions, since more complex factors would offer greater 

variances within groups than less complex factors. Cer

tainly, within the tests used for ascertaining general 

intelligence, one could find specific factors which would 

weigh heavily on performance level. But again, it would be 

necessary to demonstrate that both treatment groups differed 

only in this organismic factor. In effect, such proof is 

never complete. In the present study, the fact that the 

differences between other organismic factors such as sex and 

age were not significant for ET and ST enhances the value of 

a significant intelligence interaction effect, as do the 

significant correlations between the more intelligent 

students and success on individual subordinate skills for 

ST subjects only (see Table 8). The evidence gathered thus 

far upholds the significance of an aptitude treatment inter

action, even if it does not verify a causal relationship. 

The correlation (.65) between the subordinate skills 

test and the one-trait genetics criterion test for ST 

students was not significantly different (p < .05) from the 

like coefficient (.44) for ET subjects. The lower correla

tions between the subordinate skills measure and the transfer 

test on genetics problems of the same general class for both 

the ST and ET groups (.39 and .34 respectively) implies that 

only a small amount of variance produced in the transfer 

test can be accounted for by the subordinate skills measure. 
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Vertical Transfer 

The facilitation of transfer from subordinate 

intellectual skills to higher-order learning tasks is 

generally referred to as vertical transfer. This form of 

transfer is said to be positive if performance by some 

experimental group can be shown to be superior to that of a 

control group. In the present study, the experimental 

group, those subjects who practiced the subordinate skills 

of the learning hierarchy, showed significant improvement 

(p < .01) on one-trait genetics problems, the criterion 

task, over a control group who learned such skills primarily 

through demonstration, discussion, and lecture (see Table 

3). The results support the original hypothesis that the 

ST teaching method is more effective than the ET teaching 

method. The assessment of transfer between logically 

related skills in the hierarchy has been shown in past 

studies (Gagne and Paradise, 1961) by determining the pro

portion of positive transfer, wherein the possibility of the 

pass-fail (+-) condition from a lower to a higher subskill 

was omitted. This omission was justified on the rationale 

that failure to pass from a less complex learning skill to a 

more complex one could be associated with a number of 

factors, including the effectiveness of the learning program. 

This may be a rather moot distinction between theoretical 

and empirical considerations. What may be more germane to 

the problem of transfer is the degree of complexity between 
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steps on a learning hierarchy, and the equality of training 

presented at each level in moving up the hierarchy. Cer

tainly in the present study, the elimination of the +-

category presented a distorted comparison between the pro

portion of positive transfer under the two learning condi

tions. Both the ST and ET groups showed similar positive 

mean transfer (.92 and .90 respectively), but the total 

mastery on the final subskill performance measure was 

significantly higher for the ST students (see Table 3). 

If one assumes that the hierarchy for learning one-

trait genetics problems requires the mastery of all related 

less complex subskills, it seems reasonable to expect a 

high proportion of ++ scores between skills among the ++ and 

+- values possible. The final columns in Tables 5 and 6 

showed such values and also disclosed some interesting 

similarities and differences between the two learning groups. 

The mean proportion of related or lower skill transfer was 

significantly greater for ST subjects than ET subjects (.56 

to .41 respectively). If one asserts the pragmatic criterion 

that a method of teaching which facilitates the transfer of 

learning more than some other method is beneficial, however 

small the difference, then the statistical significance 

between the ST and ET methods assumes even broader, educa

tional significance. The lowest mean proportion of transfer 

was .28 for the ST group between subordinate skills III, to 
1 

II, . The smallest mean proportion of transfer for ET 
A1 
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subjects was .00 between subskills Illg to Ilg, to 

Ilg, and Ilg to IA. Also low was the proportion .10 between 

subordinate skills Va to V . Thus, transfer between some 
1 2 

subskills was not made by any of the ET subjects, inferring 

extreme weaknesses in the teaching program at these points 

in the hierarchy. 

That the majority of ET students were unable to 

identify the terms phenotype and genotype (V, ) and over 
2 

one-half of the ST subjects were able to recognize these 

terms, may be quite germane to the relative success of the 

two programs. All ET and ST subjects who were high achievers 

on the criterion task did identify these terms correctly, 

and the term phenotype or genotype was used in nine out of 

the 10 problems in solving one-trait genetics problems. 

A more serious question arises as to whether the 

subjects in the ST and ET learning programs really learned 

many of the subordinate skills in the program, or rather 

simply reviewed and practiced subskills already acquired, 

thereby recalling them more effectively on the performance 

tests. For the ST students an estimate was made of the 

subordinate skills previously acquired, by having the 

subjects answer questions about each subordinate skill in 

the hierarchy before reading the related learning frame (see 

Appendix B). Although the reliability of the students' 

answers is subject to question, nevertheless, the ST 
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students increased their subordinate skill achievement by 

only 5% at the completion of the program. 

A more specific examination of individual patterns 

for high achievers in solving one-trait genetics problems 

disclosed that the two subjects who mastered all of the 17 

subordinate skills, also worked at least seven out of 10 

criterion problems correctly. This lends support to the 

hypothesis that a higher order problem can be solved by a 

student, if he has learned the related lower order skills. 

However, each of the three subjects who solved correctly 

eight or more of the 10 genetics problems, failed at least 

three of the subordinate skills. Three subjects who solved 

at least seven of the problems, failed eight of the 17 sub-

skills. Such results do not seem to support the hypothesis 

that no higher order genetics problems can be solved by a 

student, unless he or she has performed all of the sub

ordinate skills related to the problem. 

A question thus arises as to whether some of the 

subskills presented were really necessary to solve one-

trait genetics problems. Certainly, multiplication of 

fractions and integers (IVB ) does not appear critical in 

setting up genotype crosses (IIA ), since the use of Punnett 
2 

squares, an acceptable alternative, was used by a majority 

of both the ET and ST subjects who correctly solved at 

least seven out of 10 one-factor genetics problems. The 

initial design of the learning hierarchy indicated that both 
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subordinate skills, multiplication of fractions and integers 

and the use of Punnett squares, were necessary to solve a 

general class of problems involving one-trait genetics. 

However, the learning hierarchy designed by the teacher was 

probably modified by the successful student through bypass

ing certain steps in the hierarchy and using those skills 

which appeared necessary for solving most of the problems. 

The evidence indicates that subjects who did not use the 

comparatively easy Punnett squares method, had not acquired 

the more basic related subordinate skills in the learning 

hierarchy. The breadth of the final task, in this case 

solving one-factor genetics problems, may complicate 

establishing skills essential to the learning task. Certain 

subordinate skills may be necessary for some but not all the 

problems of a particular class. The multiplication of 

fractions and integers (IV^ ) appears to be such an example. 

In summary, several factors, such as the specificity of the 

learning skill, its relative complexity, and more important 

perhaps, the comparative importance of the skill in solving 

the criterion task, may have a bearing on which skills are 

or are not essential within a learning hierarchy. 

Intelligence 

The relative intelligence of the subject was a key 

factor in solving one-trait genetics problems and problems 

of the same general class, especially for ST students. 



Table 8, which shows the correlation of subordinate skills 

acquisition with intelligence scores, disclosed significant 

differences (p < .05) in achievement on all but one of the 

17 subskills within the learning hierarchy for ST subjects. 

These students were required to read and practice the 

learning booklets in the ST program. It is conceivable that 

the reading level (approximately 9th grade) of the booklets 

may have been too difficult for subjects of lower intelli

gence. The correlation between reading ability and 

intelligence as described in group intelligence tests such 

as the one used in the present study is known to be quite 

high. Table 8 also indicates that ET subjects with high 

intelligence passed only some of the skills more effectively 

than students of low intelligence. This is not surprising 

if one recalls that some of the subskills went unlearned in 

the hierarchy and still others were passed by relatively few 

ET subjects. Correlations between passing specific subskills 

and solving genetics problems were displayed in Table 7. 

The patterns for both the ST and ET subjects are similar to 

that found in Table 8, and tend to substantiate the claim 

that intelligence was a significant agent in achievement on 

the three measures of performance, and most notably for ST 

subjects. 



70 

Lateral Transfer 

Transfer of learning that spreads over a broad set 

of situations at roughly the same level of complexity is 

usually referred to as lateral transfer (Gagne, 1970). The 

latitude of transfer in the present study was restricted to 

one-trait genetics problems (see Appendix A), which con

tained slight changes in the mode of inheritance due to the 

numbers and kinds of genes operating on the trait and their 

relative effects on visible characteristics. Information 

which preceded each problem was intended to guide subjects 

in solving the problems. 

Lateral transfer of learning through both the ST and 

ET methods was relatively unsuccessful (see Tables 2 and 3), 

although students trained under the ST condition performed 

significantly better than students who learned by the ET 

method. An attempt to compare students who scored high on 

both the criterion task of one-factor genetics problems and 

transfer task with problems of the same general class to 

those students who placed low on both the criterion and 

transfer tasks, proved frustrating because only four sub

jects could be assigned to each category. An analysis of 

each groups' scores on the subordinate tasks within the 

learning hierarchy revealed only one subordinate skill which 

the high criterion-high transfer ahcievers passed and the 

high criterion-low transfer performers failed. This was 

subordinate skill IA, the highest and most complex skill 
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within the learning hierarchy. The implication is that 

students must master the most difficult skill in the hier

archy before transfer to other problems of the same general 

class can occur. However, the small sample upon which this 

observation is based rules out making this more than a 

tentative proposal. It does seem meaningful that each 

student, who failed to master at least one-half of the 

subordinate skills and 50% of the one-trait genetics 

problems on the criterion task, was unable to work success

fully even one-half of the genetics problems of the same 

general class requiring lateral transfer. 

Implications 

The current study has attempted to investigate 

transfer properties of an entire hierarchy using a fairly 

extensive teaching program. A tighter experimental design, 

as described by some psychologists (Resnick and Wang, 1969), 

could be obtained through dividing the hierarchy into shorter 

sequences of behavior and examining each in separate experi

ments. Although the primary purpose of this study was not 

to establish a rigorous and highly definitive hierarchy for 

the task of solving one-trait genetics problems, a diagnosis 

of failures within both the ST and ET learning programs 

revealed acute limitations imposed by the structure of the 

experimental design. For example, questions raised regard

ing the most effective time span for either the ST or ET 
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learning program remain unanswered. The uncertainty as to 

what effects the level of reading had on students in the 

ST program also exists. The level of subordinate skill 

mastery which subjects brought initially to the learning 

programs was not measured with a subordinate skills pretest, 

because of considerations regarding the length of presenta

tion for each teaching program in relation to subsequent 

forgetting by the students. Nevertheless, it might have 

been more illuminating to pretest subjects for skills 

acquired toward the learning task, and compare teaching 

methods by matching subjects with relatively equal skills. 

Certainly, pretesting students for subskills mastery within 

a classroom setting seems more practical if a teacher's goal 

is to increase the number of intellectual skills, which each 

student acquires. 

Despite such criticism, the results of the study 

seem germane, because they revealed that the practice of 

subordinate skills had a greater effect on performance than 

a presentation of such skills by the teacher. Such a dif

ference seems even more meaningful, considering the condi

tion that subjects who practiced the subordinate skills were 

never shown how to work the final task in its entirety. 

The hypothesis that ST trained students of low intel

ligence will show significantly greater success in solving 

one-trait genetics problems over like ET trained students, 

was not supported by the results of the study. The relative 



success of the ST program for the more intelligent subject 

indicates that the level of reading, the skills which are 

practiced, and the time spent on any given subskill, should 

accommodate the abilities which an individual brings to bear 

on a task. How to do this within a classroom environment 

remains one of the most important questions in public educa

tion. 

At each level of the learning hierarchy in an 

effective teaching program, a criterion for the mastery of 

each subordinate skill would seem appropriate. Assuming 

the final task could be delineated with some degree of 

accuracy, students could be pretested on the relevant 

subordinate skills. An analysis of this test for each 

individual would indicate which skills the student should 

practice to perform successfully the final task. It would 

not be necessary to practice skills previously acquired, 

and the student could move toward ultimate mastery of the 

task at a rate more likely to coincide with his or her 

ability. Too, frustration and boredom by both the high and 

low ability students would tend to be minimal. The teacher 

could monitor the progress of each student, diagnose indi

vidual problems, and subsequently modify teaching methods to 

improve the learning situation. Such an approach offers 

both the learner and the teacher clearer insight into what 

is necessary for mastering the desired learning task. The 

current, common classroom practice by teachers of simply 
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"covering" material which is related to the criterion task, 

does not evince such advantages. 

The general failure of subjects within both the ST 

and ET programs to transfer previous learning to other 

problems of the same general class is disappointing, but not 

particularly surprising in view of the low level of subskill 

mastery shown by most subjects on the subordinate skills 

measure. Concentration by the teacher on subordinate skills 

more easily acquired by the students, such as the Punnett 

square method for making genotype crosses, and drill on 

apparent key words such as the terms phenotype and genotype, 

might raise the comparative success of either teaching 

program. 

The evidence of the present study implies that at 

least minimum levels of subordinate skill acquisition must 

be attained before lateral transfer can occur. There is a 

suggestion too that high performance in the task of one-

trait genetics problems facilitates transfer to other 

problems in the same general class. That ST students were 

more successful at lateral transfer than ET subjects supports 

the contention that such transfer is mediated by mastery of 

the related criterion task across all the subordinate skills 

within that learning hierarchy. Future studies should 

explore experimental designs which can pursue this hypoth

esis in greater detail. A broad assessment of subordinate 



intellectual skills related to the transfer task seems 

essential to such studies. 



CHAPTER 7 

SUMMARY 

The task of solving one-trait genetics problems by 

practicing subordinate skills related to that task was 

compared to a method which used the discussion and demon

stration of the lower order skills. 

It was assumed that (1) the acquisition of associ

ated subordinate skills was necessary to solve one-factor 

genetics problems, and (2) subjects who had not mastered the 

relevant lower order skills could not solve these problems. 

It was further believed that (1) practicing the subordinate 

skills within a hierarchy defined by the final task would 

be more effective in solving one-trait genetics problems 

than discussing and having demonstrated the lower order 

skills, and (2) learning subskills through practice would 

transfer more readily to genetics problems of the same 

general class than learning by discussion and demonstration. 

It was presumed that differences in achievement between 

subjects who practiced subordinate skills and those who 

discussed and were shown the subskills, would be greatest 

for students of relatively low intelligence. 

All subjects were pretested on solving one-trait 

genetics problems. One hundred and four students, 
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approximately 16 years of age, who failed at least two out 

of five problems were given a group intelligence test. On 

the basis of test scores, subjects were divided at the 

median into groups of relatively high and low intelligence. 

Within each of these groups, subjects were randomly assigned 

to one of two teaching methods, subordinate skills practice 

(ST) and expository training (ET). Both the ST and ET 

subjects received training for four days. On the fifth day, 

the students were tested again on one-factor genetics 

problems and a transfer task of problems in the same general 

class. On the sixth school day, all subjects received a 

test on subordinate skills acquisition. 

Results on the three measures of performance and 

learning indicated that not all subordinate skills of the 

learning hierarchy were critical in solving one-trait 

genetics problems. However, all subjects who solved a 

majority of the final criterion problems also mastered a 

majority of the related subordinate skills, indicating that 

some of the skills were essential for solving these problems. 

Learning by practicing the subordinate skills associ

ated with the final task was demonstrated to be significantly 

more efficient than learning by discussing and receiving 

explanations of such lower order skills. Higher performance 

in transferring learned subordinate skills to genetics 

problems of the same general kind was also shown for ST 

subjects as compared to ET students. 
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The greatest success, when comparing subjects who 

learned by practicing subordinate skills with those who were 

taught by an expository method, accrued for students of high 

intelligence rather than as predicted, subjects of low 

intelligence. The reason or reasons behind such differences 

remain an area for further study, and may be associated with 

the length of the learning program and the reading level 

which it requires. 

In summary, the present study reveals that 

practicing subordinate skills in some cumulative manner 

to acquire a more complex intellectual problem can be effec

tive within a classroom setting, but that its relative 

success is dependent upon related variables such as the 

intelligence of the student. 



APPENDIX A 

MEASURES OF LEARNING AND PERFORMANCE 

The pretest and posttest (Form B) for the final 

task, solving one-trait genetics problems and also the test 

for the transfer task, on genetics problems of the same 

general class, are listed in Appendix A. The directions for 

the one-train genetics posttest and the transfer test pre

cede each test, and the items are shown in the order in 

which they were given. The test for subordinate skills is 

modifed only to the extent that the level in the learning 

hierarchy precedes each related question or set of 

quest ions. 

Directions for One-Trait Genetics 
and Transfer Tests 

The problems which you will work on genetics include 

the use of multiplication, fractions, ratios and proportions, 

per cents, meiosis, and the principles of heredity. If you 

have understood these ideas and concepts, you should be able 

to work the genetics problems. Remember that phenotype 

usually refers to the visible, physical characteristics for 

an organism, and genotype refers to the genes present for a 

characterization of the organism. Remember too, that genes 

usually operate in pairs, each parent donating one gene of 
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its pair to the offspring. In the problems, you can use 

Punnett squares or algebraic multiplication to work prob

lems, whichever method seems easier for you. 

There is another test which you will receive that 

has other types of problems you have not done before. How

ever, these problems are each preceded by information that 

if combined with the knowledge you already have, will help 

you to do the problems. Make sure that you read carefully 

the information on the test paper before working each 

problem. All right, go to work and good luckl 

One-Trait Genetics Problems (Form A) 

Name 

1. F^ corn plants, both hybrid for green and white leaves 
are selfed (crossed). Green (G) is dominant over 
white (g). What kinds of genotypes for the F^ plants 
can be expected? : 

2. In an F„ litter of rats, there were 3 pure black rats, 
6 hybrid rats and 2 white rats produced. Black (B) is 
dominant to white (b). What were the genotypes of 
their F^ parents? 

3. In squash, white fruit (W) is dominant over yellow 
fruit (w). A pure white squach is crossed with a 
yellow squash. (a) What would be the expected pheno-
type ratio of the F^ generation? 
(b) What per cent would be white? %. 

4. An F^ black feathered (B) rooster is test crossed to a 
yellow feathered (b) hen. Approximately ^ of the F2 
offspring produced were black and \ were yellow. What 
is the geno type of the F^ rooster? 

5. In tomatoes, red fruit (R) is dominant over yellow 
fruit (r). A hybrid red tomato is mated with a yellow 
tomato. (a) What per cent of the offspring would be 
red? (b) What per cent of the offspring would 
be rr? 
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6. In fruit flies, normal wing (N) is dominant over dumpy 
wing (n). If the F2 offspring produced 102 normal wing 
to 24 dumpy wing flies, what were the genotypes of each 
parent (F^)? 

7. In one breed of chickens, white color (W) is dominant 
over red color. If two heterozygous white chickens are 
mated (), (a) what would be the expected phenotype 
ratio of the Fj_? 

8. The hornless condition (H) is dominant over horned (h) 
condition in certain breeds of cattle. A hornless bull 
is bred to a hornless cow and produces a horned calf. 
What are the qenotypes of the bull and the cow? 
bu 11 co w 

9. Black guinea pigs (B) are dominant over white guinea 
pigs (b). If a homo zygous black male is mated to a 
white female, (a) what is the pheno type ratio of the F-^ 
generation? : ; (b) what per cent of 
the offspring would be genotype bb? %. 

10. A hetero zygous round (R) pea seed plant is crossed with 
a wrinkled pea seed (r) plant. (a) What is the chance 
of producing a single wrinkled pea seed plant in the 
FQ^? out of . (b) What is the chance 
of producing three wrinkled seed plants in F^ in 
succession? out of . 

One-Trait Genetics Problems (Form B) 

1. F^ tomato plants, both hybrid for red and white color 
are selfed (crossed). Red color (R) is dominant over 
yellow color (r). What kinds of genotypes for the F2 
plants can be expected? : : . 

2. An F2 litter of guinea pigs produced 2 pure rough 
coated guinea pigs, 6 hybrid g. pigs, and 3 smooth 
coated g. pigs. Rough coat (R) is dominant over smooth 
coat (r). What were the qeno types of their F]_ parents? 

3. In pea plants, the trait of colored flowers (C) is 
dominant over that for white flowers (c). A pure. 
colored pea plant is crossed with a white pea plant, 
(a) What would be the expected phenotype ratio of the 
F-L generation? ; (b) What per cent 
would be colored? %. 
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4. An Fj white feathered (W) rooster is test crossed to a 
black feathered (w) hen. Approximately \ of the F2 
offspring produced are white and approximately Jg of 
them are black. What is the genotype of the Fj 
rooster? 

5. In corn plants, green leaf (G) is dominant over white 
leaf (g). A hybrid green corn plant is mated with a 
white corn plant. (a) What per cent of the offspring 
would be green? %. (b) What per cent of the 
offspring would be genotype gg? %. 

6. In squash, white color (W) is dominant over yellow 
color (w). If the offspring consisted of 103 white 
squash to 26 yellow squash, what were the genotypes of 
each parent (F^)? 

7. In fruit flies, normal wing (N) is dominant over dumpy 
wing. If two heterozyqous normal wing flies are mated 
( ) , (a) what would be the expected pheno type ratio 
of the F^? 

8. In turkeys, the familiar bronze color (B) is dominant 
over the red color (b). A bronze rooster mates with a 
bronze hen and produces a red chick or offspring. What 
are the genotypes of the rooster and the hen? 
rooster hen 

9. In cattle, the hornless condition (H) is dominant over 
the horned (h) condition in certain breeds of cattle. 
A homo zyqous hornless bull is bred to a horned cow. 
(a) What is the phenotype ratio of the Fj generation? 

: . (b) What per cent of the 
calves would be genotype bb? %. 

10. A hetero zyqous disk shaped (D) squash plant is crossed 
with a sphere shaped (d) squash plant. (a) What is the 
chance of producing a single sphere shaped squash plant 
in the Fj? out of . (b) What is the 
chance of producing three sphere shaped squash plants 
in the F^ in succession? out of . 
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Genetics Problems 

Name 

1. Information: Not all traits behave as the factors for 
tall and short. Sometimes one allele of the gene pair 
is not completely dominant over the other. For 
example, hybrids in four o'clock flowers are inter
mediate between red and white color and are actually 
pink. 

Problem: In four o'clock flowers, a pure red is 
crossed with a pure white flower. What would be the 
expected phenotype ratio of the F^ generation? 

2. Information: Incomplete dominance also exists in 
cattle. When a red bull (RR) is crossed with a white 
cow (rr), the offspring are roan in color or a 
mixture of white and red. 

Problem: If you bred two roan cattle to each other, 
what phenotype ratio would be produced in the F^? 

3. Information: For many traits such as blood types, 
there exists more than two different alleles of the 
gene that affects the trait. Such multiple alleles are 
all alleles of one another and any two may occur to
gether in the same cell and in any combination. For 
example, blood has two factors, A or B, both, or 
neither. Both the A and B factor may be hybrid or pure 
in genotype. The absence of either factor produces 
type 0 blood, a pure recessive genotype. The presence 
of both factors produces type AB blood. 

Problem: A man's blood type was AB. His wife had type 
0 blood. What blood types (phenotypes) would be 
possible in their offspring? 

4. Problem: A husband had hybrid type A blood and the 
wife had hybrid type B blood. Their baby could have 
what blood type(s)? 

5. Information: Some traits are sex-linked. The charac
teristic is carried on the sex chromosomes, or those 
chromosomes that determine the sex of the organism. 
This chromosome pair is not always alike. In humans, 
males have a Y chromosome of the pair XY, and females 
are XX. The Y chromosome is often missing genes for a 
characteristic. 
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Problem: In red-green color blindness, a sex-linked 
recessive trait with no^ genes on the Y chromosome for 
the trait, a color blind woman marries a man who is 
normal for the trait. If they had children, (a) what 
would the boys be phenotypically? 
(b) what would the girls be phenotypically? 

6. Problem: A red-green color blind male marries a pure 
normal woman for the trait. (a) What will their sons 
be pheno typically ? (b) What will their 
daughters be phenotypically? 

studied the past week. If you learned them well, you should 

be able to answer and work the questions and problems. Read 

each problem carefully before doing it, and try not to spend 

too long on any one question. If time permits, you can 

return to problems which cannot be answered quickly. Good 

luck! 

Directions for Subordinate Skills Test 

This is a test of the exercises which you have 

Skills Used in Genetics 

Name 

I. Write the following fractions as per cents: 

•. 71 
i. Yoo ecJua-^s 

3. -jr equals 

V B II. Write the following decimals as per cents: 
2 

1. .03 equals 2. .7 equals 

V B III. Write these per cents as decimals: 
2 

1. 15% equals 2. 4% equals 

hierarchical number not presented on subject's test. 
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IV. Identify the following % as per cent and 
2 hundredths: 

1. 4% 2. 65% 

Vn V. Identify the following parts of fractions: 
2 

1 

1. In the fraction 4, what number is divided 
divided by 

2. How many equal parts of the total possible 
are actually present in the fraction-j ? 

IVR VI. Adding fractions: 

1. \ \ equals 

2. \ + \ equals 

IV0 VII. Multiply the following symbols, integers, and 
1 fractions: 

2 .  5 x 8  e q u a l s  1. 6 x 4 equals 

3. B X b equals 

5. 4 X •g- equals 

7. 1 
2 

(±-) equals 

4. 2D x d equals_ 

6. 3 x y equals 

8. equals 

IVR IX. Multiply the following per cents of integers: 
2 

1. 100% of 40 is 2. 50% of 26 is 
3. 25% of 80 is 4. 10% of 140 is 

IVg X. Multiply the following combinations of integers 
1 and fractions: 

1. A + -| a 2. | B + | b 

"2 A + 1? a "2B + 2"b 

VQ XI. Simplify the following ratios 
1 3 , 25 

1. Y2 equals 2. equals 
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VB XII. Approximate and simplify the following 
1 ratios: 

1. 132:44 2. 12: 26: 13 

IVfi XIII. Identify by simplifying whether the following 
3 statements are proportions: 

1- if ec*uals if? 2- 2§ equals 2t? 

IIIB XIV. Use proportions to find the following per 
2 cents: 

1. 16 is % of 24. 2. 14 is % of 20. 

IIIB XV. Find the probability of the following single 
1 events: 

1. Drawing a queen from a deck of 52 cards. 
P = 

2. If a box contains 15 slips of paper, what 
is the probability of drawing a slip with 
a number less than 6? 

IIIB XVI. Find the probability of either of two events 
1 occurring: 

1. If a box contains 3 red marbles, 4 white 
marbles, and 5 blue marbles, what is the 
probability of drawing either a red or a 
blue marble? 

2. In the problem above, what is the proba
bility of drawing either a red or a white 
marble? 

i;]- XVII. Find the probability of two events occurring 
B in succession: 

1. If a box contains 5 slips marked A and 7 
slips marked B and two drawings are made 
from the box in succession with the first 
slip being replaced before the second 
drawing, what is the probability of draw
ing two slips marked A? 

2 .  In the same problem as above, what is the 
probability of drawing a slip marked A 
and then one marked B? 
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Vg XII. Approximate and simplify the following 
1 ratios: 

1. 132:44 2. 12: 26: 13 

IVB XIII. Identify by simplifying whether the following 
3 statements are proportions: 

1. equals -j-f"? 2. equals -j|•? 

IIIB XIV. Use proportions to find the following per 
2 cents: 

1. 16 is % of 24. 2. 14 is % of 20. 

Illg XV. Find the probability of the following single 
1 events: 

1. Drawing a queen from a deck of 52 cards. 
P = 

2. If a box contains 15 slips of paper, what 
is the probability of drawing a slip with 
a number less than 6? 

IIIB XVI. Find the probability of either of two events 
1 occurring: 

1. If a box contains 3 red marbles, 4 white 
marbles, and 5 blue marbles, what is the 
probability of drawing either a red or a 
blue marble? 

2. In the problem above, what is the proba
bility of drawing either a red or a white 
marble? 

XVII. Find the probability of two events occurring 
B in succession: 

1. If a box contains 5 slips marked A and 7 
slips marked B and two drawings are made 
from the box in succession with the first 
slip being replaced before the second 
drawing, what is the probability of draw
ing two slips marked A? 

2. In the same problem as above, what is the 
probability of drawing a slip marked A 
and then one marked B? 
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IIB XVIII. Find the probability of more than two events 
occurring in succession: 

1. If a box contains 4 slips marked A and 7 
slips marked B, what is the probability 
of drawing an A slip, a B slip, and a B 
slip if slips are replaced after each 
d rawi ng ? 

2. In the same problem as above, what is the 
probability of drawing three slips in 
succession? 

V XIX. Identify the following genetic terms: 
2 

1. A unit which carries information for 
bringing about the expression of a trait 
or characteristic is known as a 

2. In the example Bb, the allele of b is 

3. Which gene is recessive in the pair, Bb? 

4. Which gene is dominant in the pair, Tt? 

5. Genes are specifically found within what 
structure? 

6. Meiosis is important in genetics because 
the process produces: 

IV XX. Determining the origin of genes: 
1 

1. If a plant contains the genes Aa for 
height, and the A gene originates from the 
mother cell of the egg, the a gene must 
come from the 

2. A sperm containing a B gene combines with 
an egg containing a b gene, which produces 
a zygote or fertilized egg with genes 

IVA 1. If a plant contains the genes bb for 
2 flower color, what can you state about 

the genetic makeup of each parent? 
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2. If an animal contains the genes Tt for 
height, what can you say about the genetic 
makeup of each parent? 

III A, 
XXI. 

II. 

V, 

Applying process of meiosis to chromosome 
number: 

1. How many different kinds of 
sperm nuclei can be formed 
from this sperm mother cell? 

2 .  How many different kinds of 
sperm nuclei can be formed 
from this sperm mother cell? 

If 
fil 

XXII. Applying process of meiosis to genetic varia
tion: 

1. The possible genetic combina
tions for future sperm from 
this sperm mother cell would 
be 

2. The possible genetic combina
tions for future sperm from 
this sperm mother cell would 
be 

XXIII. Identify the following genetic terms: 

1. When a characteristic disappears in the 
and reappears in the F2, this is called 

the 

2. Plants that have the dominant character
istic (tall) but produce both short and 
tall plants when selfed are called: 

V A, 

3. 

4. 

5. 

6. 

Genotype refers to 

Phenotype refers to 

P^ refers to 

F^ refers to 
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^2 7. If plants or animals are crossed, they 
are 

8. If the units for two characteristics are 
combined, and only one of the character
istics appears in the , that character
istic is said to be 

9. A charateristic hidden by another when 
their genes are combined is called a 

10. When a recessive plant is crossed with a 
phenotypically dominant plant to determine 
if it is hybrid or pure, this is called 

IIIA XXIV. Applying Law of Dominance & Segregation in 
2 phenotype and genotype ratios: 

1. The pheno type ratio of the 

is 

II. 

2. The genotype ratio 

of the 1?2 is_ 
T T T t| T t t t 

XXV. Demonstrate setting up genotype cross using a 
Punnett Square: 

1. If tall (T) is dominant over short (t), 
how would you set up a Punnett Square for 
a hybrid tall plant and a short plant? 

2. Set up problem 
#1 using an 
Algebraic cross 
instead of the 
Punnett Square: 

1^ XXVI. Using the Law of Dominance to determine the 
phenotype and genotype ratios: 

1. What is the phenotype ratio produced by a 
cross of a plant which is dominant pure 
for green pod (G) and a recessive plant 
for a yellow pod (g)? 



In problem #1 above, what would be the 
genotype ratio produced by this cross or 
mat ing ?_ 



APPENDIX B 

THE SUBORDINATE SKILLS LEARNING PROGRAM 

The frames for the subordinate skills learning pro

gram are shown in the order in which they were presented. 

The answers to the questions were originally on the back of 

the related frame. The position in the learning hierarchy 

and the behavior required in each fram of the booklet are 

listed at the top of each page, but they were not originally 

given in the student's program. 

Directions for using the booklets, which were pre

sented orally the first day of the program is shown first, 

followed by the student's answer sheet for each booklet and 

then the learning frames. 

Directions for Subordinate Skills 
Learning Program 

In this program you will learn all of the skills 

necessary for working simple, one-trait genetics problems. 

These skills will help you to do well in the upcoming unit 

on genetics. If you understand the skills in each booklet, 

you should be able to solve most of the genetics problems 

at the finish of the program. 

It is important that you use the learning booklet 

correctly and read the program in the proper order. For 
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example, at the beginning of each new paragraph or skill 

study is a question relating to that skill. Do not read 

ahead if you are unsure of the answer to the question. 

Simply answer the question on the answer sheet with present 

knowledge. You can improve your knowledge about the 

question after reading the paragraph that follows it. The 

question is simply to inform the teacher as to what you know 

before reading the paragraph. 

Some of the questions may be hard and others easy. 

After you answer a question on the answer sheet, turn to the 

back of the page in the booklet and check the answer. If an 

answer is incorrect, read the correct explanation and reread 

the related paragraph if the explanation is not clear. Put 

a line through the incorrect answer, and place the corrected 

answer in the space by that same name on the answer sheet 

(pause). When you finish the program, go back and review, 

especially the skills that were hard for you, and where you 

missed answers to questions. 

Remember to follow the order and procedure just 

discussed to make the best use of the program. Your grade 

does not come from how well you can solve genetics problems 

later on (pause). The more thoroughly you learn the skills 

now, the better you should do later on the genetics problems. 

Work carefully and good luck. 
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ANSWER SHEET 

Name 

Multiplication: 

Q. 1) 

2 )  

First answer: 

Product: 
1) 
2 )  
3) 
4) 
5) 
6 )  
7) 
8 )  
9) 
10) 

Q .  

corrected 

Fractions: 

Q .  1 )  _divided by_ 

First answer 
1) divided by 
2) equal 
3) equal 

parts 
parts 

Q .  2 )  

First answer 

4) 
5) 

corrected 

Q. 
Q. 

3) 
4) 
First answer corrected 

6 )  
7) 
8 )  
9) 
10) 
11) 
12) 

13) 
14) 

5) 
Ans, 

corrected 

15) line 1 
2 
3~ 

Q. 6) 
First answer 

16) 
17) 

corrected 

Q. 7) % 
First answer 

% 
% 
% 
% 

Q .  
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94 

Position in learning hierarchy: Level IVfi * 

Behavior: Multiplying symbols and integers. 

Multiplication 

Before each section you will be given a short prob

lem, which you should be able to solve when you finish 

reading the program. Try your best to work the problem 

before reading the program 

Multiply the following: 1) 7 times 6 equals_ 

2) c times c equals_ 

In genetics as in many other subjects, numbers and 
letters are often multiplied to find solutions to such 
problems. For example, a times b or a'b is ab and 
really means a multiplied by b. Likewise, 5 times 7 or 
5*7 is 35. If a and be represent 5 and 7 respectively, 
then the product is 35 also. Likewise a times a or a'a 
is aa or a2. 

Write the product for the following problems: 

1) 3 times 4 equals 6) 7 times 9 equals 

2) 6 times 9 equals 7) 8 times 4 equals 

3) a times c equals 8) A times a equals 

4) b times b equals or 9) B times b ecjuals 

5) A times bb equals 10) 2A times 4a equals 

Answers ; to Multiplication Problems 

1. 12 6. 63 
2. 54 7. 32 
3. ac O 8. Aa 
4. bb or ! b2 9. Bb 
5. Abb 10. 8Aa 

*Not presented on subject's learning frame. 
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Position in learning hierarchy: Level V0 

Behavior: Identifying parts of fractions 

Fractions 

4  In the fraction -t j what number is divided by the other? 

divided by 

In solving genetics problems, you must often use 
fractions to find the solution. Perhaps a review of 
fractions would be appropriate here. For example, the 
fraction 2/3 is an indicated division. It indicates 
that 2 is divided by 3. 

1) In the fraction 3/4, what number is divided by the 
other? 

2) In the same fraction, 3/4, how many equal parts 
could there be? 

3) How many equal parts of the total possible are 
actually present in the fraction 3/4? 

Answers: Fractions 

1. 3 is divided by 4, since the / means "divided by." 

2. There could be 4 equal parts to the fraction, but 
there are not that many. 

3. There are actually only 3 equal parts of the 4 
present or 3/4. 

Position in learning hierarchy: Level IVg 

Behavior: Adding fractions 

You also need to know how to add fractions in genetics 
problems. See if you can add the following fractions 
which are common in such problems: 

1A) \ + \ equals 

2A) i + -i- equals 

3A) equals 
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11 2 The answer to 1A) is equals -g- which equals 1. In 

1 1 2  1  problem #2A) , ^ + 4 equals which simplified equals -j. The 

11 12 3 answer to problem #3A) is equals which equals -j. 

Position in learning hierarchy: Level IVB 

Behavior: Multiplying integers and fractions. 

Question: 2) What is 6 times -j^? 

Now that we know 1/5 represents one of five equal parts 
of something, let us consider what the product of a 
fraction and a whole number, 1/3 times 3, would be. If 
we have 1 part and multiply by 3, we then have three 
parts of the same kind. Three times 1/5 is 3/5. 

4) What is 5 times y-7 6 

5) What is 4 times yy? 

Question: 3) The product of -g- (-j is? 

4) The product of is? 

Answers: 

1 5 4. 5 times -g- equals 

1 4 
5. 4 times yj equals yy 

Position in learning hierarchy: Level IVfi 

Behavior: Multiplying fractions by fractions. 

Often in genetics problems, one is required to multiply one 

fraction by another fraction rather than a whole number. 

Remembering that a fraction is some part of the whole number 

1, think of 1 as representing some line distance. For 

example, y . If the problem is to multiply 1/3 

times 1/2, or find 1/3 of 1/2, it could be done in two 

steps. First, mark 1/2 on the line as shown 7; 1 7 
0 h 
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Then divide each half of the distance from 0 to 1 into 

thirds , thus : ' 1 £ 1 1 j-. We see that the 

point which is 1/3 of 1/2 should be named 1/6. To picture 

1/5 of 1/3, we divide the distance from 0 to 1 into thirds, 

or three equal parts. 

Then divide each third into fifths, Q ' ' ' ' JYJ}' ' ' 2 / 3  '  '  '  '  1 

We see that 1/5 of 1/3 is 1/15 or 1/3(1/3) equals 1/15. 

State the product of each of the following: 

6) 1/2(1/4) is 

7) 1/4(1/3) is 

8) 1/5(1/2) is 

To find the product of any two fractions, we think of each 

as the product of a whole number and a unit fraction, for 

3 12 1 example, is 3(-jr) and -j is 2(y). To find the product of 

3 2 1 1 both fractions, we state ^"("y) equals 3(-j) times 2(-j) equals 

3 ( 2 ) ("I*) (-y) equals 6 ("3^") equals -j|-. 

Answers: 

6 .  2 of 4 or 2(4) is q 1/ 4  1/2 3 / 4  1 f o r  4  a n d  2  

11 1 1 of that is g or ^ times equals -g. 

1 11 1/12 
7. -7 times -r- is or 

4  — 3  —  1 2  0  

8. 
1 11 1/10 
5 times 2 ls 10or fr1—1/2—i 



Try doing the problems shown below: 

9) •§•(•!;) equals 

10) •§•("§•) equals 

11) J-(-|) equals 

12) •g'('f') equals 

Answers: 

9. equals 2(-j)(-|-) equals 2(y|-) equals -~ 

10. "§("§) equals 2(-j)2(-^-) equals 4(-|-)(-|-) equals 4(yjjr) 

equals y^-. 

11. equals 3(^-)(-j) equals 3(^) equals —. 

12. equals (-5-) 3 (4) equals 3(-~4) equals 

Position in learning hierarchy: Level IV^ 

Behavior: Multiplying symbols and integers. 

Both symbols and numbers can be multiplied together. 

11 11 For example, -^Y times -^y equals times and Y times 

combined, or ̂ Yy. See if you can work the following 

problems: 

13) -TJT times -jt equals 

14) -|y times -^Y equals 

Answers: 

11 11 13. "2T x 2"t equals x and T x t combined , or 

i x Tt or ̂ Tt. 
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14. -|y x -|-Y equals \ x \ and Y x Y combined, or 

| x YY or ̂ YY. 

1 2 You could also write this gY . However, in 
genetics problems the letter symbols often stand 
for genetic units and must remain separate. 

Position in learning hierarchy: Level IVB 

Behavior: Multiplying combinations of integers and fractions. 

Question: 5) Can you multiply the following combination: 

2"A + "2a 

x iA + ia 

Symbols and numbers can be added in combination also, 
and then multiplied. For example, 

lv ^ 1 ~5* + 2 2J 
1 1 * 

x + ±y 

iYY + fry i > 

+ ̂ -Yy + ̂ yy 2) 

^YY + ±Yy + iyy 3) 

* 1 Notice that you begin multiplying with -^y first giving the 
products shown in line 2). Then you multiply by-jY to obtain 
the product in line 1), and then you add both lines 1) and 2) 
to obtain line 3). 

15) Multiply the following combination: 



100 

Answers: 

15. ir + ft 

x 4T + 4T* 

1) 

•^TT + ̂ Tt 2) 

*Multiply the top line by this 
quantity first to give products 
in line 2. 

step l™ 1 
2 2 2 

* ¥ + ¥ 
•|-TT + i-Tt 1) 

ITT + i-Tt 2) 
4 4 

•|TT + -|rt 3) 

Multiplying the top line by -zfl 
gives the products in line 1. 

Add lines 1 
line 3). 

& 2) to obtain 

Note: The total for the frac
tions always equals 1 in line 
3). TT and Tt represent gene 
types in genetics problems. 

Position in learning hierarchy: Level 

Behavior: Writing per cents and hundredths. 

Question: 6) Can you read 6% as a) a per cent and b) as 
hundredths? 

You have previously studied fractions and how they 

operate. In genetics problems, one must state some 

answers in per cent, as well as in fractions. Per cents 

are special decimal fractions with a denominator of 100. 
7 30 5? 

For example, JQQ", YOO' an<^ XQQ are examples of such 

special fractions. We all know that a cent is a 

dollar. 

One per cent is written as 1%. When you see the per cent 

symbol, %, think of 100. You may read 1% as "one per 

cent" or "one hundredth." Read each of the following as 

a per cent and then as hundredths: 



16) 5% 

17) 75% 

Answers: 

16. 5% equals 5 per cent equals five hundredths. 

17. 17% equals 75 per cent equals 75 hundredths. 

Position in learning hierarchy: Level 

Behavior: Writing fractions as per cents. 

5 
We see that 5% is just another name for yoo" or *05. To 

change a number from common fraction notation to per cent 

notation, we may first write it as a fraction with a 

denominator of 100. For example, 'jjjjo' e<3uals 11%. The 

fraction YQ equals Jo^Yo") equals "JOQ- equals 60%. 

g 
Question: 7) Can you write as a per cent? 

The fraction ̂  equals equals equals 80%. Note 

that the denominator for the fraction equals 100 in all 

cases. Write each of the fractions below as a per cent: 

2 0 )  3 
5 

21) _3 
4 

Answers: 
Q O Q 10 9 

18. "Joq" ec?ua-1-s 83%. 19* Yq ecJuals YO^IO^ equals 

90 3 20 3, 
Yqq equals 90%. 20. -jr equals "22"(5") equals 
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^qq equals 60%. 21. J- equals equals 

equals 75%. 

Position in the learning hierarchy: Level VB 

Behavior: Writing decimals as per cents. ^ 

Question: 8) Can you change .07 from decimal notation to 
per cent notation? 

Since we may think of 16% as 16 hundredths, we may write 

16% as .16 and also, .16 equals 16%. Or .05 equals 5%, 

.27 equals 27%, and .4 equals .40 equals 40%. 100% is 

another name for 1. Change each of the following 

numerals from decimal notation to per cent notation: 

2 2 )  . 0 8  

23) .6 

Answers: 

22. .08 equals 8% 

23. .6 equals .60 equals 60%. 

Position in learning hierarchy: Level V 
2 Behavior: Writing per cents as decimals. 

Question: 9) Can you write 2% as a decimal notation? 

To change numbers written in per cent notation to 
decimal notation, we must think of "hundredths" when 
we see the symbol %. Since 17% means 17 hundredths, 
we may write 17% as .17. 
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Write each of the following per cents in decimal notation: 

24) 16% 

25) 5% 

Answers: 

24. 16% equals .16 

25. 5% equals .05 

Position in learning hierarchy: Level IV 
2 

Behavior: Multiplying per cents of integers. 

Question: 10) Find a) 100% and b) 50% of the number 46. 

100% is a name for one. and that one times any number 

equals that number, for example 100% of 20 is 20. 50% 

and "I* are the names for the same number, for example, 

50% of 20 is one-half of 20 or 10. Find 100% and 50% of 

each number represented below: 

26)  28  

27) 104 

Answers: 

26. 100% of 28 is 28. 50% of 28 is of 28 or 14. 

27. 100% of 104 is 104. 50% of 104 is j of 104 or 52. 
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Position in learning hierarchy: Level IVB 

Behavior: Multiplying per cents of integers. 

Question: 11) Find a) 25% and b) 10% of the number 100. 

T 
Similarly, 25% and -j are names for the same number, since 

25% of 20 is one-fourth of 20 or 5. 10% and J-Q are names 

for the same number also, as 10% of 20 is one-tenth of 20 

or 2. One can find 50%, 25%, and 10% of a number by 

multiplying the number by .5, .25, and .1, respectively. 

Find 25% and 10% of the following numbers: 

28) 400 

29) 172 

Try this problem: 30) Mr. Brown purchased a truckload of 
eggs for $200.00. The state sales 
tax was 25%. The amount of tax was: 

a) $100 b) $50 c) $25 d) $20 

Answers: 

28. 25% of 400 is .25 x 400 or | x 400 which equals 100 

10% of 400 is .10 x 400 or yjj x 400 which equals 40 

29. 25% of 172 is .25 x 172 or | x 172 which equals 43 

10% of 172 is .10 x 172 or yjj x 172 which equals 17.2 

30. 25% of $200 is .25 x 200 or ̂  x 200 which equals 

$50. Some tax, eh! 
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11) 

12) 
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1 3  )  
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1 5  )  1 7 ) .  

16) 18) 
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Position in learning hierarchy: Level 

Behavior: Simplifying ratios. 

Ratios and Proportions 

5  Question: 1) What is the simplest term for the ratio y^r? 

If Santa Rita High School had won 21 basketball games 

and lost 7 games, it would be easy to describe the 

relation between these numbers. We could say that Santa 

Rita had won 3 times as many games as it had lost. We 

could also say that the ratio of the number of games 

won to the number of games lost was 21 to 7 or 3 to 1. 

The ratio might also be written 21:7 or 3:1. It is 

always read "21 to 7" or "3 to 1" if we know it is a 

ratio. Often ratios are written as fractions, such as 
21 7(3) 73 3 3 
•Tj— equals -y (^) equals y ("•[•) equals 1 (y) equals Ratios 

are usually written in simplest terms, that is to say, 

3 to 1 instead of 21 to 7. 

What are the simplest terms for the ratios shown below: 

I ' l l  

Simplest terms: 

, » 4 . 4(1) 4/lx i 1 
1) Y2 ec3uals 4 (3) equals equals 1 (-j) equals -j or 

1 to 3. 

27 ,3(9) , 3,9x , , /9« , 9 
2) Y5 equals 3(5) ecJua^s "3*5' equals 1 (y) equals or 

9 to 5. 
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Position in learning hierarchy: Level V„ 
B1 

Behavior: Approximating and simplifying ratios. 

Question: 2) Can you find the approximate simplified ratio 
for the numbers 31:11? 

Some ratios approximate simpler ratios. For example, 
the ratio 20:6 approximates the simpler ratio 3:1 since 
it takes approximately 3 times 6 to make 20. 

Find the approximate simplified ratio for the following 
problems: 

3) 49:24 

4) 155:49 

5) 11:9 

6) 24:52:25 

Answers: 

Approximate simplified ratios 

3. 49:24 can be simplified if we observe that it takes 
approximately 2 times 24 to make 49. The approximate 
simplified ratio then is 2:1. 

4. 155:49 can be simplified by noting that it takes 
approximately 3 times 49 to make 15 5. So the 
approximated, simplified ratio is 3:1. 

5. 11:9 can be simplified by noting that it takes 
approximately 1 times 9 to make 11. So the 
approximated, simplified ratio is 1:1. 

6. 24:52:25 can be simplified by noting that it takes 
approximately 2 times 25 to make 52 and approximately 
1 times 25 to make 24. Thus the simplified, 
approximated ratio is 1:2:1. 
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Simplifying ratios (cont'd) 

Find the ratios for the following statements: 

7) 15 to 12 

8) a dime to a quarter 

-i ni-i. -in - 15 3(5) „ 5 „ c j. * 
7. 15 to 12 is YJ or 3(4) or ̂  or 5 to 4. 

• ^ . or- 10 5(2) 
8. a dime to a quarter is 10 to 25 or or 5(5)' or 

-§• or 2 to 5. b 

Position in learning hierarchy: Level IV^ 

Behavior: Simplify and identify proportions. 

A true sentence stating that two ratios are equal is 
2 4 called a pro portion. We could say that -j equals 

This is often read, (two is to three as four is to six." 

Here, 2 is the first term, 3 is the second term, 4 is 

the third term, and 6 is the fourth term. Remember, to 

have a proportion, the ratios must be equal. 

Question: 3) Is the following statement a proportion? 

3 6 g- equals Yq? Explain your answer. 

To determine the equality of proportions, we can write both 
2  2 ( 2 )  2  

fractions in simplest terms. Thus, -=r equals 9 / -. y or 
2 2 2 2 2 2 equals or equals 1 (-j) or equals -j. Another way to 

check the equality of a proportion is to multiply the 1st 

term by the 4th term and the 2nd term by the 3rd term. In 

our example, ~ equals ̂ r, 2(6) equals 12 and 3(4) equals 12, 

thus showing the equality. 
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NOTE: Questions 4 and 5, involving problems 9 

through 14 were used only in the pilot study, and were 

omitted from the experimental work. 

Position in learnina hierarchy: Level IIIR 
2 

Behavior: Using proportions to determine per cents. 

Question: 6) Use a proportion to find 25% of 40. 

We recall that 50% of 6 is ̂  of 6 or 3 and that 100% of 

6 is 6. The ratio of 3 to 6 is equal to the ratio of 

50% to 100%. Each ratio equals We understand this 

better if we remember that 50% means 50 hundredths or 50 

out of 100, which is equal to 1 out of 2. What if we 

want to find 60% of 95. We can change 60% to 60 and 
x 

multiply it by 95 or we can set up a proportion, 
f\ n 

equals YQQ" or 100X equals 5700 or X equals 57. In the 

following problems, use a proportion to find the answer: 

15) Find 35% of 60. 

16) Find 70% of 40. 

Using a proportion to find the answer: 

X 35 
15) 35% of 60 is .35 of 60 or YQO" (pr°portion) 

or 100X equals 2100 or X equals 21 (answer). 

X 70 
16) 70% of 40 is .70 of 40 or equals YQQ (proportion) 

or 100X equals 2800 or X equals 28 (answer). 
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Position in learning hierarchy: Level IIIR 
2 

Behavior: Using proportions to determine per cents. 

Question: 7) Can you use a proportion to solve the problem 

15 is % of 60? 

If a problem is states as: 18 is % of 45, you should 

consider 45 as the base number in the corresponding 
18 X 

position with 100 in the two ratios, or ̂  equals joo" or 

simplifying, ̂  equals or e<3ua-1-s 200 or X equals 

40%. Solve the following percentages, setting up a pro

portion in the process: 

17) 16 is % of 20. 

18) 24 is % of 40. 

Answers: 

Solve the following percentages using a proportion: 

16 X 
17. 16 is % of 20 or equals joo" ^Proport ion) 

or — equals or equals 400 or X equals 80. 

24 X 
18. 24 is % of 40 or ̂  equals Yqo (proPorti°n) 

6 X 
or Yo equals ̂ 00 or equals 600 or X equals 60. 
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Position in learning hierarchy: Level Illg 

Behavior: Determining probability of single events. 

Chance and Probability 

Problems in genetics often involve questions such as 

"what are the chances of getting curly hair, or of becoming 

bald." Chance implies that the outcome is uncertain and 

that more than one event is possible. 

Question: 1) A box contains 2 red marbles, 5 blue marbles, 
and 6 white marbles. What is the probability 
that the first marble drawn from the box will 
be red? 

The toss of a coin normally has two possible events which 

can occur. It can land with head up (event 1) or the tail 

up (event 2). The probability then of getting a head on a 

single toss of the coin is 1 out of 2 or ̂  or .50 or 50%. 

Generally then, the probability of an event (P) is equal to 

the number of special (S) outcomes (coin with head up) 

divided by the total number of events (N) possible (in this 

case two—head or tail). So, P = — . Probability for an 

event can range all the way from 0 to 1, or stated in per 

cent, 0% to 100%. For example, if a box contains 4 red 

socks, 2 green socks, and 6 white socks, what is the prob

ability of drawing a green sock on the first draw? In this 
2 

case, P equals -j-j? or ^ chance out of 6. 

Determine the probability of the following events occurring: 

1) A box contains 20 slips of paper numbered from 1 
to 30. What is the probability that the number 
on the slip drawn will be a number less than 9? 

2) A bowl contains 3 red marbles, 7 white marbles, 
and 4 blue marbles. What is the probability 
that a marble drawn without looking will be blue? 
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3) What is the probability that you will draw a 
Jack from a deck of 52 playing cards? 

4) What is the probability that you will not draw a 
Jack from a deck of 52 playing cards? 

Answers: 

1) Less than 9 would include the numbers 1, 2, 3, 4, 5, 

6, 7, and 8 or a total of 8 numbers which represent 

S (special outcomes). The total number (N) of 

possibilities is 30. Therefore, the probability 
S 8 P = equals or simplifying, 2 out of 5 times. 

2) S (special outcomes) is represented by a blue marble. 

There are 4 such marbles, with a total N of 3 + 7 + 
4 2 4 or 14 possibilities. P = yj = y or 2 out of 7 

times. 

3) The S (special outcomes) is represented by a Jack 

card. There are 4 such cards (1 per suit) in a deck 
4 1 out of a total N of 52 cards. P = or Y3 or """ 

chance out of 13. 

4) This solution is easy because it's the reciprocal or 

reverse of 3) above. If y-3 is the probability (P) 

that you will draw a Jack, then 1 - P or 1 -
12 equals yj is the probability that you will not draw 

a Jack from the deck. 

Note that you could find the answer to question 4 on the 

previous page by subtracting the answer obtained in question 

3) from 1. Thus, P + (1 - P) equals 1, since this covers 

all the possible outcomes. For example, if the probability 
3  that the Baltimore Colts will win the Super Bowl is -g-, what 

is the probability that they will not win? The answer is 
3 2 2 3 5 

1 - -jr- or 1 - P = -jr. Note that "5 + "5 equals -g- equals 1. 
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Now try these problems: A box contains 4 pennies, 3 nickels, 
5 dimes, and 4 quarters. If any 
equally likely to be drawn, what 
ability that the first coin will 

of 
is 
be 

the 
the 

co ins 
prob-

5) A cruarter. P equals 

6) Not a quarter. P equals 

7) Not a dime. P equals 

8) A penny. P equals 

Answers: 

5. The special outcome (S), or drawing a quarter con

sists of 4 possibilities. The total N is 4 + 3 + 5 
S 4 1 

+ 4 equals 16. Thus, P equals ̂  equals -j-g equals 

or 1 out of 4. 

6. The probability (P) that it will not be a quarter is 
1 3 1 - P or 1 - equals ̂  or 3 out of 4. 

7. In this problem you must first find what the prob-
5 ability is that it will be a dime. Here P = rr-?. So 

5 16 
the P that it will not be a dime is 1 - y-=- or 
•I £" J- -1-1 J- O 

-r-p - rr~r equals rr— or 11 out of 16. 
16 16 -1 16 g ^ 

8. The P that it will be a penny is P = ̂  equals ̂ 5 or 

^ or 1 out of 4. This is similar to problem 5) above. 

Position in learning hierarchy: Level IHg 

Behavior: Determining probability of either of two events. 

Question: 2) A box contains 4 red marbles, 3 white marbles, 
and 5 blue marbles. What is the probability 
of drawing either a red or a blue marble? 

Looking at the previous problem with the coins, you may have 

speculated as to the probability of drawing either a nickel 

or a dime from the box. Well, the probability of drawing a 
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3 nickel (P) equals yg- and the probability of drawing a dime 

(P) equals yf-. T^e probability of drawing either coin is 
3 5 8 1 

the sum of the two probabilities or y^ + yg- equals yg- or . 

Such events are mutually exclusive or independent. just as 

is true for obtaining different traits in genetics, such as 

hair color and height. Now try the following mutually 

independent problems. A box contains 12 slips of paper. 

Three are marked X, four are marked Y, and 5 are marked Z. 

What is the probability of drawing: 

9) X or Y? P equals 

10) X or Z? P equals 

11) Y or Z? P equals 

12) X, Y, or Z? P equals 

Answers: 

S 3 
9. The probability (P) of drawing X is ̂  or y^- and the 

P of drawing Y is y4. So the P of drawing either X 
3 4 7 

or Y is y2 + ~Y2 whi-ch equals y^- or 7 out of 12. 

3 10. The P of drawing X is and the P of drawing Z is 
5 3 5 

yp. The P of drawing either X or Z is y^ + y^r or 

-il or — or 2 out of 3. 
A. c. -5 

4 5 11. The P of drawing Y is and of drawing Z is yy. 
4 5 The P of drawing either Y or Z is + -=-=• equals 

9 3 
Y2 or ̂  or 3 out of 4. 

3 4 5 
12. The P of drawing X, Y, or Z is y^- + y^- + y^ or 1 

out of 1, since this includes all possibilities 

possible or N. 
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Position in learning hierarchy: Level Ilg 

Behavior: Determining probability of two combined events. 

Question: 3) If a box contains 3 slips marked A and 5 
slips marked B and two drawings are made in 
succession with the first slip being re
placed, what is the probability of drawing 
both slips marked B? 

In many problems in genetics, we are interested in drawing 
two objects (2 events) at the same time. Suppose that a box 
contains 3 slips of paper marked 1, 2, and 3, respectively. 
You draw one and then replace the slip. The slips are then 
mixed and you draw again. What is the probability that you 
will draw the number 2 both times? This problem is more 
complicated than the preceding ones, since we need to 
determine all of the combinations of events possible. The 
possible combinations for this problem would be: 

Number on slips 

First drawing 1 1 1 2 2 2 3 3 3 

Second drawing 1 2 3 1 2 3 1 2 3 

Thus, you can see that there are 9 possible outcomes. Of 

these only one, the j ^ J combination answers our question. 
So, Jj- equals |j- or 1 out of 9. If we consider the two draw

ings as separate experiments, the probability (P) of drawing 

a 2 on the 1st draw is 4 and for the second draw also -ij-. 
I l l  The product of these two probabilities is "^"j) or -g. Thus, 

one may simply multiply the probability of two independently 

occurring events to obtain -the probability that they will 

occur in combination. If a box contains 4 slips marked X 

and 5 slips marked Y and two drawings are made from the box 

in succession with the first slip being replaced before the 

second drawing, what is the probability that: 

13) The two slips are both marked X? 

14) The first slip is marked X and the second slip 

marked Y? 



117 

15) The two slips are both marked Y? 

16) The first slip is marked Y and the second slip 

X? 

Answers: 

4 13. The probability of drawing an X is g- so for two 

draws, ̂  x ̂  equals or 16 out of 81 (approxi

mately 1 out of 5). 

4 14. The P of drawing an X is r and for drawing a Y it 
5 4 5 is -P-. The P of drawing both is Q- X Q- which equals 

20 •srr or 20 out of 81 (approximately 1 out of 4). O J. 
5 5 

15. The P of drawing a Y is Q- and a second Y is also Q-. 
5 5 25 

The P of drawing both is ̂  x ̂  which equals •gj- or 

25 out of 81 (approximately 5 out of 16). 

16. This problem is like 14) above only reversed for X 

and Y. P = | x | or -gy- or 20 out of 81. 

Position in learning hierarchy: Level IIB 

Behavior: Determining probability of more than two events. 

Question: 4) If a box contains 3 slips marked A and 6 
slips marked B, and three drawings are made 
with the slips being replaced each time, what 
is the probability of drawing a A slip, a B 
slip, and an A slip? 

If we extend combination problems to more than two events 

the mathematics used is basically the same. For example, 

if a class contains 10 boys and 6 girls, what is the prob

ability that the teacher will call on three boys? The prob-
10 5 ability (P) of calling on a boy once is yg- or q* Thus the 

probability of calling on a boy three times in succession is 
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5 5 5 125 
•g- x -g x g- which equals 5Y2 or t*ie Pro<3uct °f each separate 

event. In the same problem, what would be the probability 

that the teacher would call on: 

17) three girls in succession? P equals 

18) a girl, a boy, a boy? P equals 

19) a boy, a girl, a boy? P equals 

20) a girl, a boy, a girl? P equals 

Answers: 

S 6 3 
17. The P of calling on a girl is jj- or or "Q* T^e p 

of calling on 3 girls in succession is J- x J- x J-

equals (approximately 1 out of 19). 

6 3 18. The P of calling on a girl is -=-=• or -5- and of calling 
10 5 16 8 

on a boy it is -z-a or qi so the ^ calling on a 
3 5 5 75 

girl, boy, and a boy is ̂  x g x g which equals 5Y2 

or 75 out of 512 (approximately 1 out of 7). 

5  
19. The P of calling on a boy, girl, and a boy is w x 

3 5 75 r x r or "ETo" (approximately 1 out of 7). 
O O DlZ 

20. The P of calling on a girl, a boy, and a girl is 
3  5  3  4  5  
•5- x 7J- x -jr or v-. n or 45 out of 512 (approximately 1 O O O  D  J .  £  
out of 11) . 
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Meiosis 

Answer Sheet 

Name 

Q 1) 
First answer 

1) 

2 )  

corrected 

Q 2) 
First answer 

3 ) 

4) 

corrected 

5)_ 

6 ) .  

Q 3) 
First answer 

7 ) 

8 ) 

9) 

10) 

Q 4) 
First answer 

11) 

12) 

13 ) 

14 ) 

5) 
First answer 

15 ) 

16) 

Q 6) 
First answer 

17) 

corrected 

corrected 

corrected 

corrected 

Q 7) 
First answer 

18) 

Q 8) , 
First answer 

19 ) 

2 0 )  

21) 

corrected 

corrected 

2 2 )  
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Position in learning hierarchy: Level 

Behavior: Identifying genetic terms 

Meiosis 

Question: 1) Units which carry the expression for a trait 
or characteristic are known as 

In order to work problems in genetics, one must be able to 
multiply whole numbers, fractions, and symbols such as 
letters. The numbers of course represent quantities or 
amounts of animals or plants produced by parents. The 
letters often represent genes, or the specific elements 
found within the sperm or egg which carry characteristics 
such as for color, height, and weight of the plant or animal, 

1) Numbers in genetics often represent: a) amounts 
of plants, b) amounts of animals, c) either a or 
b, d) genes within sperm or egg. 

2) A unit which carries information for bringing 
about the expression of a trait or characteristic 
is known as: 

a) height b) weight c) sperm d) gene 

Answers: 

1. The numbers represent quantities or amounts of either 
plants or animals to c) either plants or animals is 
the correct answer. 

2. Height and weight are traits. Sperm and eggs carry 
several or many units which represent character
istics. Only the gene is a single unit, which 
eventually in combination with another gene from 
another plant or animal expresses a particular 
characteristic. Answer d) is correct. 

Position in learning hierarchy: Level VA 
1 

Behavior: Distinguishing between symbols for genes. 

Question: 2) Which gene is the recessive one in the pair, 
Aa? 
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The letters representing genes can be capitalized if they 
are dominant over another gene for the same characteristic. 
For example, Tt represents two genes for the characteristic 
of tallness. 

3) Which gene is the dominant gene? a) T b) t 

c) Tt d) none of the above. 

The gene which is not dominant over the other is said to be 
recessive. This is because its expression for the character
istic is recessed or hidden by the dominant gene. Such 
recessive genes are expressed in the lower case, for example, 
a. 

4) Which gene is recessive in the pair Tt? a) T 

b) t c) Tt d) none of the preceding. 

5) Pick out the recessive genes from the following 
pairs— 

Bb, Aa, dd , TT. Answers , , , 

6) Pick out the dominant genes from the pairs in 
problem 5) above. 

Answers , , , 

Answers: 

3. The gene T represents the dominant gene since it is 
capitalized. The correct answer is a). 

4. The recessive gene is in lower case, therefore t is 
the recessive gene of the pair Tt. The correct 
answer is b). 

5. The rule (by convention) is that the recessive gene 
is in lower case, so the b of genes Bb, and the a of 
genes Aa are both recessive. For the gene pair dd, 
both are recessive, and in TT, neither one is 
recessive. Therefore, your answers should read: 

b a dd . 

6. The dominant genes are capitalized so the correct 
answers would read 

B . A , , TT . 
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Position in learning hierarchy: Level V, 
2 

Behavior: Identifying genetic terms. 

Question: 3) What is the allele for T in the gene pair Tt? 

Now you know that genes can be dominant or recessive for any 
given trait, such as tallness, and that such genes operate 
in pairs. Such pairs of genes are called alleles. 

7) For the example Yy; the allele of Y is: a) Y 

a ) B b) b 

Bb, which is \ 
a) B b) b 

b) Y c) Yy d 

8) In 
o f 

the 
the 

gene pair 
pair? 

9) In 
of 

the 
the 

gene pair 
pair? 

10) In 
a) 

the 
B 

gene pair 
b) b 

Answers: 

7. The allele of Y in the pair Yy must be y, since it 
is the other member of the pair representing the 
characteristic for tallness. Answer b). 

8. The answer is a) B, since B is capitalized. 

9. The answer is b), since b is in lower case. 

10. The allele for B in the pair Bb is answer b) b, 
since it is the other member of the pair. 

Position in learning hierarchy: Level IVa 
2 

Behavior: Determining the origin of genes. 

Question: 4) If a plant contains the recessive genes as 
for height, what can you say about the 
genetic makeup of its parents? 

From where do the alleles of each gene pair originate. Each 
allele originates from the mother cells which form egg and 
sperm, or gametes. However, both genes came from different 
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mother cells—one which formed the egg and one which formed 
the sperm. 

11) If in the gene pair Bbf the B gene originates 
from the mother cell of the sperm, the b gene 
must come from the: 

a) egg b) mother egg cell c) sperm 

d) both egg & sperm 

Answer: 

11. The b gene must come from the b) mother egg cell, 
since one member of each gene pair comes from either 
the sperm or the egg. Answer a) egg, is acceptable 
but the primary origin is b) mother egg. 

Position in learning hierarchy: Level IVA 
1 

Behavior: Determining that genes operate in pairs. 

When fertilization occurs the egg and sperm unite to form a 
zygote or living organism, and genes within each sex cell 
combine. 

12} For example, a B gene from the sperm combines 
with a b gene from the egg to form: a) BB 

b) bb c) Bb d) B e)b 

13) If a plant contains the recessive genes tt for 
height, what do you know about the genetic 
makeup of the plant's parents? 

a) one parent contained the genes tt 
b) each parent contained one t gene 
c) both parents contained the tt genes 
d) neither parent contained a t gene 

14) If an animal contains the genes Tt for height, 
what do you know about the genetic makeup of the 
plant's parents? 

a) one parent contained the genes Tt. 
b) one parent contained a t gene and the other a 

T gene. 
c) both parents contained Tt genes. 
^) neither parents contained either a t or a T 

gene. 
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Answers: 

12. B + b must give the combination of c) Bb. Two 
genes are generally necessary for each character
istic. 

13. Answer a) is not necessarily correct, since the 
genes a plant has come from both parents, not one 
alone. Answer b) is correct since one t gene must 
come from the sperm and one t gene must come from 
the egg. This tells you a lot about the parents 
gene type. Remember that if you're asked about 
the parents in genetics problems, knowing only the 
genes of their offspring or children. Answer c) is 
possible but not necessarily true and answer d) is 
impossible. 

14. Again, answer a) is not necessarily correct, since 
the genes of the animal come from both parents. 
Answer b) is correct since one t gene comes from 
either the egg or sperm, and the other T gene comes 
from the opposite cell. Answer c) is possible but 
not necessarily true. Answer d) is impossible 
unless a miracle occurred. 

Position in learning hierarchy: Level V A, 

Behavior: Identifying genetic ti*aits. 

Where in the mother cells are the genes 
located? They are found within the 
chromosomes, the rod-like structures 
visible in the nucleus during 
mitosis, or the nuclear 
division involving the 
growth of new cells. 
^ gene on 

single 
chro mo so me 

15) Genes are found specifically within: a) new 
cells b) nucleus c) chromosomes d) mother 
cells. 

Answer: 

15. The most specific answer would be c) chromosomes, 
since genes form parts of the chromosomes for any 
plant or animal. 
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Position in learning hierarchy: Level III, 
1 

Behavior: Applying meiotic process to chromosome number. 

Question: 5) If the sex cells of a plant contained 8 pairs 
of chromosomes, how many pairs would the 
zygote contain? 

mother egg mother sperm 

If chromosomes and their hereditary material, the genes, 
combined during fertilization and 
the formation of the zygote (new 
organism) without first being 
reduced in number, what would 
happen? 

16) For example, how 
many pairs of 
chromosomes would 
the hypothetical 
zygote have? 
(Fig. A). 

Answer: 

16. 

chro 
mes 

chromo 

hypo
thetical' 
zygote 

The chromosomes would combine in the zygote to form 
an abnormal number of chromosomes or 46 pairs 
<twice what man actually has). So this number must 
be reduced in both the future sperm and egg. 

Position in learning hierarchy: Level V 
2 

Behavior: Identifying genetic terms. 

Question: 6) Meiosis is a process where the chromosome 
number is 

If the process in Fig. A continued for generation after 
generation, the offspring's cells would contain an impossible 
number of chromosomes and genes. Luckily the chromosome 
number is reduced during a process known as meiosis. or 
nuclear reduction of the future sex cell's chromosome and 
gene number. 

17) Meiosis is a process where the chromosome 
number is: 

a) increased b) reduced c) stays the same 

d) none of these 
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Answer: 

17. In meiosis the chromosome number is b) reduced in 
the sex cells (sperm and egg), and increased again 
when the fertilized egg is formed from the joining 
of the sperm and egg. 

18) Meiosis is important in genetics because the 
process produces: 

a) reduced chromosome number b) new sperm 

cells c) chromosomal variations d) new 

egg cells. 

18. All of the answers are correct, but c) chromosomal 
variations is the best answer, because variations 
in chromosomes within sex cells ultimately means 
variety in genes found within the sperm and egg. 
Such variety gives the individual different 
hereditary characteristics. 

* 

Position in learning hierarchy: Level IIIa 
1 

Behavior: Applying meiotic process to chromosome number. 

Question: 7) How many different kinds of 
sperm nuclei can be formed 
from the mother sperm cell —> 

To work genetics problems, it is essential 
that we understand the process of meiosis 
and how it produces genetic variety in the 
sperm and eggs. Let us begin with a sperm mother cell and 
trace its development through the process of meiosis. This 
development would show a similar pattern for the egg as well, 
Instead of using 23 chromosome pairs, we will simplify the 
illustration and use 2 chromosome pairs in the mother cell. 

Illustration of Meiosis 

Question: 8) If the sperm mother cell 
had the following genetic 
makeup, what kinds of 
genetic combinations 
could the future sperm 
have? > 
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Step A. Mother sperm A. Notice that the future sperm 
cell cell has 4 chromosomes or 2 

like pairs. The enlarged 
portion of each rod represents 
a gene for some character
istic, like eye color or 
height, for example. 

Step B. v B. In this stage, the like 
chromosomes come together and 

CT) 
form pairs. 

Step C. C. Each chromosome strand now 
duplicates itself. The number 
1 represents the chromosome 
number* 

The nucleus divides and the 
chromosome number in each is 
reduced to 2 chromosomes. 
Note that either chromosome 
of each pair could have gone 
to a new sperm nucleus. 

19) How many different kinds of sperm nuclei can be 
formed in step D above? a) 1 b) 2 c) 3 
d) 4 

Step D. 

$ 

Answer: 

19. This answer is most important! One chromosome for 

each like pair (for example, 1f'fj') can go to the 

future sperm. So there are two possibilities here. 

The future sperm gets either ^ or ̂  . It also 

gets either the ̂  or ̂  . The total possible 
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combinations are the product of each or 2x2 

equals 4 different kinds. Answer d) is correct. 

Step E. E. Here the duplicate 
Step D Step D threads of the 

chromosomes split 
to form 2 new 
nuclei exactly like 
those in Step D. 
Notice that no new 
chromosomal varia
tion occurs here. 

Step F 

•0 

Answer: 

20. 

Each cell and its 
nucleus forms a 
sperm. Note that 
the chromosome 
number is still 
reduced to \ and 
the sperms differ 
as to chromosome 
kind. 

20) If the chromosome number has been reduced to 
one-half in the meiotic process, when will it 
again become the original number? a) when it 
dies b) during fertilization c) before 
fertilization d) after the zygote grows 

The answer is b) during fertilization, since this 
is when the sperm and egg combine to return the 
original chromosome numbers. 

Position in learning hierarchy: Level II, 
1 

Behavior: Applying process of meiosis to genetic variation. 

The egg during meiosis follows a similar reduction in chromo
some number. However, all but one of the four eggs formed 
become non-functional bodies containing no nutrients to 
nourish the eggs. Now if we return to the meiotic process 
in Step A, and place letters near the genes on the 
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chromosomes to represent some characteristic such as eye 
color, the illustration would look as follows: 

Step A. 

Step B. 

A. Let B represent a gene for 
brown eyes, and let b repre
sent a gene for blue eyes. 
Usually each trait has 2 or 
more genes (alleles). Let T 
represent a gene for tallness 
and t represent a gene for 
shortness. 

Skipping steps B 
& D, the possible 
genetic combina
tions for future 
sperm are shown 
after reduction. 
Remember that only 
2 of these sperm 
will actually be 
produced in Step 
D, but that which 
2 is due to chance, 

21) The possible genetic combinations for each 
future sperm would be: a) BT, Bt, bT, bt 

b) Bb, Tt, c) BB, bb, TT, tt 

d) B, T, b, t 

Answer: 

21. The correct answer is a) BT, Bt, bt, bT, since 
these are the combinations possible for the two 
pair of genes. Notice that each combination 
contains one member of each gene pair. For 
example, BT has a B gene from the original Bb 
group and a T gene from the original Tt group. 
If the sperm did not contain one gene for each 
characteristic, the trait which the gene carried 
would become lost in the zygote, or at the very 
least abnormal in appearance. Answer c) does not 
have a gene from each pair and would thus be 
abnormal. This is true for answer b) as well. 
Answer d) is incorrect because each type is 
missing one gene. 
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22) The actual sperms found could have the follow
ing genetic combinations: a) BT, Bt 
b) bT, bt c) BT, bt d)Bt, bt 
e) all of the above f) none of the above 

In summary, we have seen that meiosis reduces the chromosome 
number in the sperm and the egg so that the original chromo
some number will be maintained during fertilization. The 
process also produces genetic variation in the kinds of 
sperm and egg that are produced by individuals. In the next 
unit, we will learn more about genes and how they combine to 
form new organisms. 

Answer: 

22. Since only two sperm will be formed, each of which 
will have one gene for each characteristic, 
answers a), b), c), and d) are all possibilities, 
therefore answer e) is the best choice. 
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Q. 
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1) 

2 )  

2 )  
First answer 

3 ) 

4 ) 
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4) 
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corrected 
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5 ) 
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9) 
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6>. 

7) 
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12) 
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14 ) 

15 ) 

16 ) 

8 )  

9) 
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First answer 

17 ) 

18 ) 

19 ) 

2 0 )  

21) 

2 2 )  :  

corrected 

Q. 10) 

Q. 11) 

First answer 

23) 

corrected 

24) 

25) 

2 6 )  
First answer corrected 

27) 
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Position in learning hierarchy: Level Vn 
2 

Behavior: Identifying genetic terms. 

Principles of Heredity 
Behavior of Genes 

Introduction: When Gregor Mendel (1822-1884), the father of 
modern day genetics, first worked with inherited character
istics , he knew nothing about genes or chromosomes. He 
simply studied rather simple plants such as peas and the 
characteristics they passed on from one generation to the 
next. Nevertheless, he was able to make statements about 
how traits are passed along, and such statements or prin
ciples hold true today. 

Question: 1) P^ means 

Mendel noticed certain characteristics in pea plants. Some 
were tall while others were short. Some had colored flowers 
while others had white ones, and some plants had green seeds 
while others had yellow seeds. He reasoned that if he could 
follow such characteristics from one generation to the next, 
he might determine how they were inherited. In his studies, 
Mendel discovered that often tall parent plants (Pi) produced 
tall offspring (F^) and those parents (P^) with yellow seeds 
produced offspring with yellow seeds. Such characteristics 
he called pure because they were transmitted from one 
generation to the next without disappearing. 

1) Pj refers to the : a) parent generation b) 
first offspring c) both a & b above d) 
neither a or b above 

2) refers to: a) parent generation a) first 
offspring (sons & daughters) c) both a & b 
above d) neither a or b 

Answers: 

1. The answer is a) parent generation, and thus the 
symbol Pj. The number 1 follows the P because some 
genetics problems involve more than one set of 
parents (such as T?2, for example). 

2. F-^ is an abbreviation for filial which means sons 
and daughters and refers to the first (1) offspring, 
so the correct answer for F-^ is b). 
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Question: 2) If one characteristic, such as tallness, 
dominates over another in the , the F^ will 
show what characteristic? 

What would happen if Mendel crossed (mated) two plants with 
contrasting characteristics? For example, if he took pollen 
(male gametes) from a tall plant and put it on a short plant, 
what kind of seeds would this cross produce? He found that 
all of the F^ generation (first sons & daughters) were tall. 
He concluded then that tall was dominant over short. Like
wise, he discovered that yellow seeds were dominant over 
green seeds, and green pods dominant over yellow. He called 
this the Law of Dominance. 

3) If plants or animals are crossed, they are: 

a) switched b) transplanted c) mated 

d) made angry 

4) If one characteristic dominates over another, 
all of the: 

a) generation will show only the dominant 
characteristic 

b) F^ generation will show only the dominant 
characteristic 

c) F2 generation will show only the dominant 
characteristic 

d) Pi generation show only the recessive 
characteristic 

Answers: 

3. It's hard to say whether the plants are angry or not, 
but a cross refers to a mating between two plants 
or animals, so Answer c) is correct. 

4. Answer a) would be incorrect because the P^ refers 
to the original parents in the mating. Dominance 
of a particular characteristic (tallness, for 
example) could only appear in the offspring pro
duced by such a cross or the generation, so 
answer b) is correct. 

Questions: 3) The chances of producing a short plant in 
the F2 generation from two F^ hybrid tall 
plants would be: 

4) Plants that have the dominant characteristic 
(tall) but produce both short and tall plants 
when crossed are called 
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5) A characteristic hidden by another when they 
are crossed is called a . 

Logically, Mendel now asked: What would happen if the F^ 

generation (all tall) was crossed with itself (or selfed)? 

Would the succeeding generation be tall and the short 

(recessive) characteristic disappear forever or what? When 

he actually performed this experiment he found that approx-
3 imately j of the many F„ plants were tall and approximately 

1 were short. The short characteristic had reappeared in 

the FMendel called this process the Law of Segregation. 

since the lost recessive trait (shortness) seemed to remain 

segregated from the tall characteristic and then reappear in 

the F„ generation. Mendel also discovered that approximately 
1 of the tall generation when crossed with each other 

(selfed), produced only tall plants. Thus, they were pure 

(homozygous). However, the other ̂  tall F^ produced both 

tall and short plants when selfed. He called these hybrid 

or heterozygous. The short F^ produced only short plants 

when selfed, and were therefore pure or homozygous. 

5) The chances of producing a short plant in the F„ 
3 generation were: a) 1 out of 2 k) 

c) .25 d) 100% 

6) The chances of producing a tall plant in the F„ 
3 generation were: a) 1 out of 2 b) 

c )  .25 d) 100% 

7) When characteristics which have disappeared in 

the F^ reappear this is called: a) selfing 

b) Law of Dominance c) Law of Segreation 

d) Law of Integration 

8) Plants that have the dominant characteristic 

(tall) but produce both short and tall plants 

when selfed are called: a) pure b) homozygous 

c) heterozygous d) hybrid 
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Answers 

5. Since approximately of the produced were short, 

the answer is 1 out of 4 or 25% or .25 (answer c). 

6. Since of the were short, then 1 - ̂  or 

approximately ̂  were tall. 

7. The answer is c) because the segregation of genes 

refers to their ability to move independently even 

though hidden by a more dominant gene, and reappear 

in future recombinations when not masked. 

8. Such plants must be hybrid or heterozygous (Tt) for 

the characteristic, answer c) or d), because if the 

plants were pure or homozygous their genotype would 

be TT , and they could produce only tall parents. 

Hetero means "other" or unlike and zyqous refers to 

zygote. 

9) Animals or plants not produced from the original 

parents, but rather from the sons & daughters of 

those parents, are called: a) generation 

b) F^ generation c) generation d) lost 

generation 

10) A characteristic hidden by another when they are 

crossed with each other is called: a) dominant 

trait b) recessive trait c) regressive 

trait d) dominant characteristic 

Answers 

9. If the animals (or plants) are produced from the 

sons and daughters of the original parents, they 

would be produced from the F^ generation and would 

therefore be the generation. The answer is c). 

10. If the characteristic is hidden by another, it is 

recessed by a more dominant trait and is referred to 

as a b) recessive trait. 
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Questions: 6) Genotype refers to_ 

7) The phenotype ratio 
of the following 
plants is: 

phenotype: tall tall tall short 

Since the characteristics which were recessive (shortness) 
appeared again in the F„ generation, Mendel believed that 
each characteristic must be represented by independent 
units. Much later, it was discovered that such units were 
in fact genes. It became possible then to determine 
genetic problems letting letters represent the genes for 
each characteristic. You should recall this from our study 
of meiosis. Thus we may write the genetics problem about 
tall and short plants using the following illustration and 

Each plant shown gets 
its genes from: a) 
pollen (male) b) egg 
c) bo th a & b d) 
neither a, b, or c 
above. 

Genotype refers to the: 
a) genes contained by 

organism 
b) characteristic of 

organism 
c) tallness of the 

organism 
d) none of the above 

The phenotype refers to: 
a) genes containd by 

organism 
b) characteristic of 

organism 
c) tallness of the 

organism 
d) none of the above 

Answers: 

11. Answer c) is correct for both pollen and egg, since 
during fertilization one gene from each sex cell 
(sperm or egg) combines to form the pair for the 
characteristic. 

questions: 

TT 

Tall 

X 

tt geno
types 

Short Phenc" 
types 

11 

12) 

Tall Tall 

geno
types 

pheno-
types 

13) 
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12. The answer is a) genes contained by the organism for 
the particular characteristic. Thus TT and tt are 
literally gene types or genotypes. 

13. Phenotype refers to the b) visible characteristics 
for the organism, such as tall or short. Answer c) 
is an example of a visible characteristic, or 
phenotype, but it is not a definition of the term. 

Position in learning hierarchy: Level III A, 

Behavior: Applying Law of Dominance and Segregation. 

14) 

15) 

Tall Tall Tall 

Answers 

geno
type 

Short 
pheno
type 

16) 

The phenotype 
the F2 is: a) 
short 
c) ITT 
d) all 

b)3TT: 
:2Tt:ltt 
tall 

ratio of 
3 tall: 1 
ltt 

The genotype ratio of 
the P2 is : a") 3 tall: 
1 short b) 3TT:itt 
c) ITT:2Tt:ltt 
d) all tall 

The only 
with all 

generation 
hetero zygous 

or 
b) 
of 

hybrids 
F, c) 
these 

is 
F o 

a) P-l 
d ) none 

14. Since phenotype refers to characteristics you can 
see, the answer will be in terms of tall or short or 
both. Counting the number of tall and short plants 
in the F2 gives 3 tall to 1 short plant or 3 tall:l 
short. The correct answer is a). 

15. Genotype refers to the gene types of the plants of 
the F2 produced, so the answer must be in terms of 
TT, Tt, or tt. The genotype for the F2 is 1 TT:1 
Tt:1 tt or simplifying, 1 TT:2 Tt:l tt (Answer c). 
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16. The generation has no hybrids, since each parent 
is pure in gene type. The F-j_ generation has two 
like plants or Tt. Both have unlike genes so b) is 
correct. The F2 had both pure and hybrid types. 

Position in learning hierarchy: Level IV, 
2 

Behavior: Apply rule that genes derive from separate 
gametes. 

There is a simpler way to determine the possible offspring 
for any genetic cross. Remember that each parent gives only 
one gene for the pair to the sperm or the egg it produces 
(recall meiosis). If you know the genotype for each parent, 
you can use this fact to set up the possible combinations 
for the cross or mating. Let's use the example for tallness 
and shortness. In the Pq_ , one plant had genes TT. 

17) The possible genes which it could give to its 
offspring are: a) TT b) T c) tt 
d) t 

18) The other plant could give which genes to its 
offspring? a) TT b) T c) tt d) t 

Answers: 

17. The correct answer is b) or T, since a plant gives 
only one of the gene pair to its sperm or egg. 
Answer a) TT is incorrect because the gene number 
is twice as great as it should be for fertilization 
to occur,. The chromosome number has not been 
reduced. The answer c) is incorrect because the 
gene number had not been reduced in meiosis. 
Answer d) is not correct because the parent did not 
have a t type. 

18. The other plant's genotype is tt so it can give 
either one of the t genes to its sex cells at 
random. Thus the correct answer is d) t. 
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Position in learning hierarchy: Level II, 

Behavior: Applying genotype cross. 

Questions: 8) The possible genes 
which a plant with 
genotype TT could 
give to its off
spring are: 

9) What would be the 
genotype produced 
in square #1? 

Setting up a Punnett Square for the 
problem would look like this: > 
The problem could also be set up 
algebraically as follows: 

tj-T + -|t male 

x it + Tj-t female 

Female 

M 
a 
1 
e £ 
$ 

& & 

Female 

© 

T 

Here the fraction % represents the chance that one of the 
specific T genes will occur. Since there are two T genes, 
the number of possible outcomes (N) is two, either one 
gene or the other T gene. The chance of receiving a 
specific T gene then is 1 out of 2 or The same dis
cussion above would hold true for the t gene. One gene 
would be given by each parent to produce the F^ gene 
combinations. 

Position in learning hierarchy: Level III, 
2 

Behavior: Applying Law of Dominance and Segregation. 

19) What would be the qenotype produced in square #1 
of the Punnett Square shown previously? a) TT 
b) Tt c) tt d) T 

20) What would be the genotype produced in squares 
2, 3, and 4? a) TT b) Tt c) tt d) T 
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21) Show the F~ generation 
genotypes for this 
Punnett Square ^ 

22) Show the F2 generation 
phenotypes (visible 
characteristics) for 
this same Punnett 
Square: 

Female 

M 

iM -
• 

© 

Answers: 

19. The answer is Tt genotypically (or tall pheno-
typically). Answer a) TT is impossible because the 
female can only give a t gene to the offspring. 
Answer c) tt is impossible for the same reason in 
the male. Answer d) T does not have one gene from 
each parent and is improbable. 

20. The offspring (F^) produced in squares #2, 3, and 4 
would all be the same as that produced in square #1, 
since each parent has only one kind of gene to give, 
either a T (the male) or a t (the female). 

21. Note that the parent types could have actually been 
produced in problems #19 and 20 above. Square #1 
brings a T and T gene together during fertilization 
or TT genotype. Square #2 gets a T from the male 
sperm and a t gene from the female egg, or Tt 
genotype. Square #3 gets a t from the male sperm 
and a T gene from the female egg, or Tt genotype. 
The dominant gene is usually stated first. Square 
#4 gets a t gene from both the male and female 
gametes or sex cells, so the genotype is tt. 
Answer: #1 TT-, #2 Tt, #3 Tt, #4 tt. 

22. The phenotypes, or how each one appears is easy if 
you know the genotypes. TT is tall, Tt is tall 
since T dominates over t phenotypically and tt is 
short. The phenotype ratio then is Tall: 
short. 

Position in learning hierarchy: Level II, 
2 

Behavior: Applying genotype crosses. 

Question: 10) How would you set up a cross with a hybrid 
yellow seed plant (Y) and a green seed 
plant (y)? 
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A hybrid yellow seed plant would have 
the genotype Yy and the green seed 
plant, since it is recessive, MUST 
have the genotype yy. Since one gene 
of the pair goes to each gamete, the 
Punnett Square would look like that 
shown here. Could you complete the 
genotypes in squares 1, 2, 3, and 4, 
and then give the ratio for the 
genotypes and also for the pheno-
types? Remember that genotypes refer 
to gene types and phenotypes are the 
visible characteristics, such as 
yellow seed or green seed in the 
above problem. 

Note that you have now worked through the problem previously 
illustrated for tall and short pea plants. Let's set up one 
more Punnett Square for a slightly different problem: 

23) If yellow seed (Y) is dominant over green seed 
(y), show how you would set up a cross for a 
hybrid yellow plant and a green plant. 

Female 

24) What is the phenotypic ratio of the F-^ from the 
cross in #23 above? Show work. 

Answers: 

23. a) 

b) 

Hybrid yellow refers to a 
plant with two unlike genes 
one for the dominant 
characteristic yellow 
and one for recessive 
(y). Thus 
since the green plant 
recessive, it must be 
pure with genotype yy. 
doesn't matter which 
at the top or side. 

(Y) 
gene 

is 

It 
goes 

Female 

24. Your answer would simply involving filling in 
squares in #23 above and reporting the results as a 
ratio . say 3 yellow:1 green seed for phenotype or 
3 Yy:l yy for example if reporting the genotype. 
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Position in learning hierarchy: Level III, 
2 

Behavior: Applying Law of Dominance and Segregation. 

If you know the offspring produced in a generation, say the 
F-l in problem #24, can you determine what the original 
parents were like genotypically? If the F^ has a green seed 
plant then it is recessive and must have the genotype yy. 
Thus, each parent plant must have one y gene, since each 
gives a gene to the recessive plant. If the ratio of the 
Fi offspring approaches 1 yellow (dominant):1 green 
(recessive), then the probability is that one parent is Yy 
and one parent is yy. If the F^ generation is closer to 
3:1 phenotypically, then the probability is that both 
parent plants are hybrid, or Yy. Can you see why this is so? 

Position in learning hierarchy: Level V, 
2 

Behavior: Identifying genetic terms. 

Sometimes, a dominant characteristic such as green pea pod 
(G) is desirable in the trait. However phenotypically green 
pod plants can be either hybrid or pure genotypically for 
the trait. If only the homozygous dominant n 
type is desired for breeding purposes, the green 
green pod plant whose genotype is unknown, fzft pod 
can be test-crossed with a plant carrying vp dominant 
the recessive characteristic, or yellow 
pod (g). 

25) When a recessive plant is crossed with a pheno-
typically dominant plant to determine if it is 
hybrid or homozygous this is called: 

a) selfing b) mating c) test-crossing 

d) final crossing 

Answer: 

25. The answer is test-crossing. If you answered final 
crossing, you may be ready to pass to another 
world (or perhaps you think you're almost finished 
with the program—that's true). 
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Position in learning hierarchy 

Behavior: 

Level I, 

Demonstrating ratios using Laws of Dominance and 
Segregation. 

Question: 11) What is the phenotypic ratio produced by a 
cross of the dominant plant which is pure 
for green pod (G) and a recessive plant for 
yellow pod (g)? 

26) The phenotypic ratio produced by such a cross if 
the dominant plant is pure (use G) with the 
recessive plant (g) is: 

(show work) 

27) The a) phenotypic ratio and b) qenotypic ratio 
produced by such a cross if the dominant plant 
is heterozygous (hybrid) to a recessive plant 
(g) is : 

(show work) 

Answers: 

26 .  

27. 

Female 

Phenotype ratio refers to the 
ratio of the visible character
istics. A pure dominant plant 
for pod color would have geno
type GG, and the recessive 
plant must be pure, or it would 
be green, so its genotype is gg. 
You can fill in the squares for 
the Punnett Square, or Green: 

M 
a 
1 
e 

_yellow pod. 

If the green pod plant is heterozygous (hybrid) 
instead of pure for the genotype, it would be Gg. 
The recessive plant must be gg 
again. The Punnett Square 
would look as follows: 

Female 

Green pod Phenotype answer: 

yellow pod. 

Genotype answer: GG: Gg : 

gg. 
Av~' 

I + 
* I * I 
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You have now completed all of the subskills necessary for 
solving simple, one-trait genetics problems. Such problems 
include the use of multiplication, fractions, ratios and 
proportions, per cent, chance and probability, meiosis, and 
Mendel's Laws of Dominance and Segregation. If you under
stood them, you can work such genetics problems. 
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