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CHAPTER: INTRODUCTION 

The purpose of the Sampsonbug project is to create a com

puter program which can simulate the modes of inheritance of 

genetic traits as observed during authentic experimental matings. 

This program is intended to simulate the outward appearances 

observed during a natural experimental cross. In other words, 

the natural phenotypic expression as dictated by the underlying 

genotype should be recreated. 

Another intended facet of the program is that the under

lying logic governing the genotypic interactions be constructed 

in such a way as to imitate the logic of the molecular inter

actions \vithin the cell. The random interactions associated 

with meiosis and the subsequent union of gametes should be sim

ulated in the logic structure of the program. 

The project began with the use of two already existing 

computer simulation programs, Birdbreed4 and Catlab~ both written 

by Judith Kinnear. These simulations were used as laboratory 

exercises for general genetics students in BIO 311 at Ball State 

Universtity during Autumn and Winter quarters, 1983. While in 

use, these programs were analyzed for both good and bad points 

relating to user interactions. Some of the points observed 

were the ability of the programs to catch and keep the students' 

interest, the clarity of data presentatioa, and the flexibility 

relating to the available matings and backcrosses. An attempt 

was then made to either incorporate or improve upon these char

acteristics in the product of this project--a computer simula

tion program of genetic breeding experiments. 

First, an organism needed to be chosen for use in the sim

ulation program. An imaginary insect was chosen since the in-
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tent was that the students should not be able to go to a book 

to determine the mechanisms of inheritance involved in the 

matings. (Every chance to influence the students to study the 

material at hand should be taken.) This insect or "bug" event

ually came to be known as the Sampsonbug. The bug's shape, 

size, regions of gene expression, and possible colors were 

determined (Figure 22, p. ). 

Next, programs were developed simultaneously to deal with 

the basic problems of genetics and graphics. One program worked 

on the possibilities of assigning colors to the various regions 

of the bug and placing the bug anywhere on the screen. At the 

same time, other programs were constructed to simulate various 

genetic matings with output in the form of text. These pro

grams were then combined to form a simulation program which 

expressed its results via graphical representation. Once the 

basic "simulation with graphics" program was complete, all that 

remained to do was to expand and beautify the project into a 

flexible tool for laboratory instruction. 

The first step to expansion of the program involved or

ganizing the program into a main backbone of statements from 

which subroutines are called to perform various functions. New 

subroutines were then created to produce the desired functioning 

of the program. 

The beautification of the Sampsonbug program involved the 

inclusion of an introduction, a "Bye" message, and numerous state

ments designed to reduce the chance of operational error by 

the user. 

When the Sampsonbug program was completed, it was tested 

with general genetics students in Biology 311. This testing 

occured during Autumn quarter, 1984. The testing of the program 

resulted in a number of "test scores" for each student. The 

"test scores" were then statistically analyzed to produce num

bers (statistics) which serve as indicators of the effective

ness of the Sampsonbug program program as an educational tool. 
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The undertaking of the construction of a computer program 

which simulates genetic mating experiments may also be just

ified in a more philosophical manner by presenting examples 

of the many benefits provided by the finished product. One 

can easily show that the use of a computer simulation program 

requires a much smaller time commitment than the corresponding 

"wet lab f1 experiment. This is of great value in instances 

where insufficient time exists to complete a wet lab, or where 

the preparatory steps for an experiment have gone awry. Some 

professors may even take advantage of this time-saving feature 

by exposing their students to a greater variety of theoretical 

situations in the same number of lab periods. 

The use of computer simulations by the laboratory instruct

or may result in considerable financial savings over the use 

of conventional laboratory supplies. That is, after the initial 

expense of the computer and requisite program, all one needs 

to purcahse is a supply of electricity. 

Another result of the program's ability to save time is 

that those tasks considered menial by all but the hardiest re

search scientists are eliminated. This effectively fr.ees time 

for the students to concentrate more on the collection and an

alysis of data. The ambiguity in data collection by the novice 

experimenter also may be reduced, since the simulation program 

lists the phenotypes immediately after it portrays the pheno

types graphically. 

The student's involvement in the experiment can be in

creased by allowing him/her to choose the phenotypes of the 

parental organisms. In this way, the computer simulation pro

gram allows the student both to become involved and have im

mediate access to a large variety of genetic crosses. 

Due to the existence of a vocabulary unique to the fields 

of genetics, computer science, and statistics, a glossary of 

selected terms is provided in Table 1. 
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Table 1. 1 f T h · 1 T U d 'n th's Thes's.1,2,3,6,7,8 G ossary 0 ec n~ca erms se ~ ~ ~ 

Allele: One of a pair, or series, of alternative genes 
that occur at a given locus in a chromosome: one 
contrasting form of a gene. 

Codominant genes: Alleles, each of which produces an inde
pendent effect when heterozygous. 

Correlation coefficient: A number that indicates the de
gree of proportionality between two sets of data; 
varies from -1 to 1, i.e., from indirectly pro
portional to directly proportional. 

Dihybrid cross: A cross between heterozygous parents dif
fering in two respects. 

Diskette: A thin, flexible magnetic disk storage device. 

Dominant allele: One member of an allelic pair of genes 
that has the ability to manifest itself wholly 
or largely at the exclusion of the expression of 
the other member. 

Epistasis: The suppression of the action of a gene or genes 
by a gene or genes not allelomorphic to those sup
pressed. Genes suppressed are said to be hypostatic. 
Dominance is associated with members of allelic 
pairs, whereas epistasis is interaction among non
alleles. 

Floppy Disk: See Diskette. 

Flowchart: A graphical representation for the definition, 
analysis, or solution of a problem, in which sym
bols are used to represent operations, data, flow, 
equipment, and so on. 

Hemizygous: The condition in which only one allele of a 
pair is present, as in sex linkage or as a result 
of deletion. 

Heterogametic sex: Producing unlike gametes, particularly 
with regard to the sex chromosomes. In species in 
which the male is XY, the male is heterogametic, 
the female (XX) is homogametic. 



--

-

5 

Table 1. (cont'd) 

Heterozygous: The condition of an organism whose chromo
somes carry unlike members of any given pair of al
leles. The gametes are therefore not alike with 
respect to this locus. 

Homogametic sex: Producing like gametes. See also Hetero
gametic sex. 

Homozygous: The condition of an organism whose chromosomes 
carry identical members of any given pair of alleles. 
The gametes are therefore all alike with respect to 
this locus. 

Hypostasis: See Epistasis. 

Improvement: The Post test minus the Pretest score. 

Interactive Computing: A programming method by which a pro
grammer can "converse" with a computer through a 
typewriter-like terminal. 

Mean: The arithmetic average; the sum of all measurements 
or values of a group of objects divided by the num
ber of objects. 

Menu: A subroutine which presents the program user with 
a list of options from which to choose the computer's 
next action. 

Online: Pertains to a user's ability to interact with the 
computer. See also Interactive computing. 

Population: The total set for which a characteristic is known. 

Random Number Generator: A set of statements which can call 
up a list of randomly ordered numbers ranging be
tween 0 and 1. A set of such lists exists. 

Recessive allele: One member of an allelic pair lacking the 
ability to manifest itself when the other, or dom
inant member is present. 

Sample: A subset collected in order to estimate a charac
teristic of the total set. See also Population. 
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Table 1. (cont'd) 

Sex-linked gene: The gene is in a sex chromosome. 

Significance level of the test: The probability of reject
ing the hypothesis when the hypothesis is true. 

Speaker routine: A set of statements which tell the com
puter how to make sounds through its speaker. 

Standard Period: The academic quarters prior to the Test 
Period from which data were used to calculate est
imates on the Population parameters. See also 
Test Period. 

Statement: An instruction to the computer to perform a de
sired operation. 

Subroutine: A set of statements which functions as a unit 
within a computer program. A subroutine need be 
listed only once in a program, but it can be used 
an indefinite number of times. 

Test Period: The academic quarter during which the Sampson
bug program was tested with Genetics 311 students. 

Variance: The square of the standard deviation. A measure 
of variation. 

Wet-lab: A physical experiment that must be performed to 
produce the data for analysis. 
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CHAPTER 2: MATERIALS AND METHODS 

In this chapter, the structure of the Sampsonbug pro

gram, the genetics of the Sampsonbug, and the procedure for 

evaluating the program's effectiveness as an instructional 

tool will be presented. 

7 

One should note that the Sampsonbug program is compat

ible witr both the Apple II plus and the Apple lIe computers. 

The recommended computer to be used should have a total mem

ory of at least 64K bytes. Also, the use of a color monitor 

is recommended, although monitors consisting of only two co

lors ("black and light") do present a noticeable difference 

in textural design among the programmed "colors". The Sampson

bug program is available on floppy disk. 

Structure of the Program 

In an attempt to convey the basic workings of the Sampson

bug program, a description of the structural organization or 

logical construct of the program will be presented. 

The general structure of the program consists of a skele

ton of statements designed to provide the backbone for the en

tire logic structure. Subroutines are then constructed around 

this backbone to bring versatility and life to the program. 

To prevent confusion, the discussion of each section or sub

routine of the program will be highly restricted. If this re

striction were not put into effect, then each discussion of a 

section would evolve into a discussion of the entire program. 

Refer to Appendix A, p. for a listing of flowchart symbols 

used in Figures 1-21. 

The Backbone (See Figure 1). The main part of the Sampson

bug program begins with the initialization of all the variables 

used throughout the program. That is, the variables are assigned 
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Figure 1. The Backbone. 
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- beginning values. A subroutine which stores the speaker 

routine is then called. The Introduction then uses the 
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speaker routine when it plays a song. The Introduction is 

followed by a Katydid-like chirp and then a subroutine allow

ing the user to choose the phenotypes of the parent bugs. 

After the parents are chosen, a menu is called up which al

lows the user to take full advantage of the program's capabil

ities. Each time after this menu is used, the number of exist

ing bugs is checked. If this number is less than 242, then 

the original menu is recalled. However, if the number of bugs 

is equal to or greater than 242, then the program calls up a 

restricted menu. This restricted menu does not allow for the 

further production of bugs. Both menus allow the user to end 

the program. 

The Main Menu (See Figure 2). This is the subroutine from 

which the user works during the majority of the time spent with 

the program. This subroutine allows the user to picture the 

parents, choose new parents, produce progenies, list the pheno

types of the progenies, or even choose new parents from the 

already existing progenies. In fact, during anyone run of the 

program, the user may perform the same cross as many times as 

desired--just as long as the limit of 242 bugs is not exceeded. 

If the program is not voluntarily terminated prior to exceeding 

the bug limit, then the user will be automatically limited 

to the Restricted Menu. 

The Restricted Menu (See Figure). As stated previously 

This subroutine is used only when at least 242 bugs have been 

produced. The reason for limiting the number of bugs is so 

that the available memory of the computer is not exceeded. In 

keeping with the memory limitations of the computer, the Re

stricted Menu does not allow the user to produce more bugs. 

The Restricted Menu does not allow for the picturing of the par

ents and the listing of the phenotypes of the progenies. The 

user may end the program by either calling the End subroutine 

or by turning off the computer. 
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Figure 2. The Main Menu. 
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Figure 3. The Restricted Menu. 
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Choosing New Parents (See Figure 4). This subroutine is 

used by the program just prior to calling the Main Menu for the 

first time. The user may use this subroutine at any time dur

ing the run of the program to produce entirely new parents. 

This subroutine allows the user to choose the phenotypes of 

the parents--the computer then determines the correct genotypes. 

The user begins by choosing the body color of the bug. If the 

body is chosen to be totally grey, then the genotypes of the 

two other body color genes are randomly assigned. If the body 

is not all grey, then the user must then choose phenotypes ex

pressed by these other two genes. The user must then choose 

the phenotypes for the leg length, antennae length, and eye color. 

The mode of inheritance of the antennae length is not expiicitly 

presented in that the program asks for the user's choice in two 

steps. The first step asks whether or not the bug has antennae. 

If the bug does have antennae, then the user is requested to 

choose between short and long antennae. The modes of inheritance 

for leg length and eye color are more explicitly presented by 

their method of introduction in the program. 

Cross Subroutine (See Figure 5). This subroutine compares 

the genotypes of the parents, gene by gene, to determine the 

genotype of each progeny. If there is more than one possible 

resultant genotype from the parental genotypes, then the geno

type of the progeny is randomly determined. This process of 

genotype comparison is repeated for each bug produced. Each 

bug is graphically represented on the screen as soon as it is 

produced. In an attempt to ease the method of graphing each 

bug as it is produced, the comparison process was placed within 

nested FOR-NEXT loops. This allows the bugs to be placed on 

the screen according to the values of the two loop counters in

volved. Variation in the value of the inner loop counters moves 

the bug's position from right to left. Variation in the value 

of the outer loop counter moves the bug's position from top to 

bottom. The one other aspect of this subroutine designed to 

add realism to the simulation is the randomization of the number 

of bugs produced during each cross. 
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Figure 4. Choose New Parents Subroutine. 
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-- Figure 4. (cont'd) 
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- Figure 4. (cont'd) 
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Figure 4. (cont'd) 
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- Figure 5. Cross Subroutine. 

II GOSUB 4080 
Picture The Parents 

Of 
List 

"Litter n Counter Initialized 

Randomly Assign Litter Size 

FOR 1=1 TO 3>---------_ 

Increment Litter Counter 

ncrement Bug 

GOSUl) 4360 
Randomly Determine Sex 

Assign Gene Variable To 
Epistatic Body Color Gene 

17 



-

Figure 5. (cont'd) 
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~Plot (See Figure 6). The Bug Plot subroutine performs 

the function of graphing the bugs on the television monitor. 

This subroutine analyzes the genotype of the bug in question, 

and assigns colors to the different regions of the bug. The 

subroutine then incorporates the position coordinates of the 

bug into the process of graphing the regions of the bug. 

Plot Parents (See Figure 7). The Plot Parents subroutine 

is one of the subroutines which uses the Bug Plot. The Cross 

subroutine, however, uses both of the above mentioned subroutines. 

The Plot Parents subroutine simply acknowledges the bug numbers 

of the parents and then plots these two numbered bugs. 

Genotype of Progeny (See Figure 8). This subroutine is 

t~e tool responsible for determining the genotype of the progeny. 

It compares the genotypes of the parents and, if there is more 

than one possible outcome, it randomly assigns the genotype of 

the progeny within the appropriate bounds. Another similar sub

routine takes into account the unique characteristics involved 

with a sex-linked gene (See Figure 9). This subroutine assumes 

the female to be the heterogametic sex. 

Random Number Generators (See Figures 10-15). These six 

subroutines generate all of the random numbers needed in this 

simulation program. The reason for having more than one of these 

subroutines is that different random numbers are needed to be 

produced in varying ratios according to what type of genetic 

comparison is being performed. For example, the subroutine pro

ducing the 1/2/1 ratio of the values 1,2,and 3 is used primarily 

for mating between two heterozygous parents. The values 1,2, and 

3 represent the homozygous dominant, heterozygous, and homozygous 

recessive genotypes respectively. 

List the Progenies (See Figure 16). This subroutine ana

lyzes the genotypes of the bugs and then converts this informa

tion into words. That is, this subroutine lists the phenotype 

of each bug, in order. The group of statements that performs 

the analysis is nested within a set of nested FOR-NEXT loops. 

The inner loop is responsible for placing the information for 
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Figure 6. Bug Plot Subroutine. 
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Figure 6. (cont 1 dl 
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Figure 7. Plot Parents Subroutine. 
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Figure 8. Genotype Of Progeny. 
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Figure 9. Genotype Of Progeny -- Sex-linked. 
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Figure 9. (cont'd) 

Male Parent Is 
Homozygous 
Recessive, 
Female Parent 
Is Dominant, 
And Progeny 
Is Female 

Male Parent Is 
Homozygous 
Dominant, 
Female Parent 
Is Recessive, 
And Progeny 
Is Female 

Progeny Is 
Dominant 

One Parent Is 
Dominant 
(Homozygous) , 
The Other Is 
Recessive 
(Homozygous) , 
nd Progeny 

Is Male 

, ! 

Progeny Is 
Heterozygous 

25 



26 

Figures 10 and 11. Random Number Subroutines. 
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- Figures 12 and 13. Random Number Subroutines. 
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Figures 14 and 15. Random Number Subroutines. 
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Figure 16. List The Progenies Subroutine. 
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Figure 16. (cont'd) 
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only five bugs on each page of output. the outer loop is re

sponsible for providing enough pages to list the largest number 

of bugs possibles--250. 

This subroutine allows the user to choose the bug number 

with which the list should begin and end. Since the Cross sub

routine has already specified the numbers of the bugs that 

are to be graphed from the cross, the Cross subroutine does not 

need to enter the List the Progenies subroutine until just 

before the beginning of the actual listing. 

Choose Parents from Progenies (See Figure 17). This sub

routine allows the user the option of choosing progenies to be

come parents. This enables the user to perform complete gen

etic experiments including the P1 cross, F1 cross, and back

crosses. The subroutine simply requests that the user input 

the numbers of the male and female parents. The numbers are 

checked to be sure that they are of the correct sex and then 

the user is free to mate these parents. 

End Message and Others (See Figures 18-21). Three of these 

subroutines deal with producing sound through the computer's 

speaker. One subroutine (Figure 18) stores a set of instructions 

which tells the speaker how to create a sound. The next sub

routine (Figure 19) stores values for the pitch and duration 

of a sound and then plays the sound. The last subroutine (Figure 

20) of the three produces a sound like a Katydid chirp. This 

sound is actually a series of 10 sounds. The End Message sub

routine (Figure 21) is the subroutine which graphs a "Bye" mes

sage in 15 different colors and then terminates the program. 

Genetics of the Bug 

A complete account of the traits dealt with by the Sampson

bug program will be presented here. Consult ~aDle 2 from time 

to time, since the following descriptions are listed in tabular 

form. Figure 22 presents a drawing of the Sampsonbug that is 

labeled to indicate which genes affect which regions. Note that 

all of the genes address by this program have only two alleles 



- Figure 17. Choose Parents From Progenies Subroutine. 
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Figures 18, 19, and 20. Speaker Subroutines. 

Figure 18. Speaker Routine 

3430 

Routine 

Figure 19. Play Note 

3390 

Figure 20. Chirp 

Assign Pitch And 
Duration For First 
Part Of Chirp 

Assign Pitch And 
Duration For Second 
Part Of Chirp 
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- Figure 21. End Of Program Message Subroutine. 
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Table 2 . Genetics of the Bug. 

Gene Alleles 

G G 

g, 

D D 

d 

S S 

s 

L L 

1 

\ 

Trait 

Body 
Color 

Body 
Color 

Body 
Striping 

Leg Length 

Variations 
genotypic phenotypic 

G -

gg, 

D D 
-

D d 
-

d d 

S -

s s 

L -

1 1 

All grey 

Other 

Dark green 

Medium green 

Light green 

Striping 

Other 

Short 

Long 

Mode of inheritance 

Simple Dominance 
All grey dominant 
epistatic to gene D and S 

Codominance 

Simple Dominance 
Striping Dominant 
epistatic to gene D 

on sides of bug 

Sex-linked 
Long Dominant 
Male: ~ ~, Female: X Y 

( 

i, 
; i 

Ii 



Table 2 (cont'd) 

'" C""l A A A A Long Antennae 

a length A a Short Codominance - -
a a None - -

B B B B Dark blue 
Eye Color 

b B b Medium blue Codominance 

b b Light blue 

, i 
, I , ( 
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Figure 22. Regions of Gene Expression in Sampsonbug. 
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and all independently assort with respect to each other. An 

appropriate place to begin might be to examine body coloring 

in the Sampsonbug since it is the first trait to be treated 

in each section of the computer program. Gene D could be de

scribed as the most important gene for body color because itw 

will provide pigment even when the other body color genes are 

exerting no influence. Gene D has two alleles, one coding for 

dark green and the other coding for light green. Since these 

alleles express themselves in a codominant manner, there will 

be a possibility of three different phenotypes: dark green, 

light green, and mixing in the heterozygous state to produce 

medium green. Gene S codes for yellow stripes on the sides 

of the bug. The two alleles for gene ~ differ in the respect 

that one codes for no expression of striping (s) and the other 

codes for yellow stripes (~) on the sides of the bug. The al

lele which codes for striping is not only dominant to its allele 

but it is epistatic to gene D in Region 4 of the bug. Gene G 

also has an allele which is epistatic not only to gene D but 

also to gene~. In this case, the influence occurs in Regions 

4 and 5 of the bug. Gene ~ obeys simple dominance-recessive 

inheritance, with the allele coding for grey being dominant to 

theaallele which produces no influence (allows for color). 

Gene L codes for the length of the bug's legs (Figure 22, 

Region3). Again, we have two alleles. The dominant allele codes 

for long legs and the recessive allele codes for short legs. 

However, an added complication exists in the expression of gene 

L because of its location on the sex chromosomes of the bug. 

Experience immediately tells us that in cases of sex-linkage, 

the mode of expression of the alleles is different in the two 

sexes. In humans, for example, the heterogametic sex is the 

male, as opposed to the model used in the Sampsonbug where the 

female is the heterogametic sex. This model implies that the 

alleles will express in a simple, dominance-recessive manner 

in the homogametic sex and in a hemizygous manner in the heter

ogametic sex. The female bugs liter~ly will express whichever 

allele of gene ~ that they possess. 
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Gene A codes for antennae length as expresses in Region 1. 

Since the two alleles for gene ~ interact codominantly, there 

will be three possible phenotypes: long and no antennae will 

result from homozygous genotypes, and short antennae will re

sult from the heterozygous genotype. 

Gene B codes for eye color. Gene B expresses its alleles 

in Region 2 in a codominant manner, just as gene D does for 

body color. In the case of gene !, however, the homozygous 

genotypes result in dark and light blue eyes, whereas the het

erozygous genotype results in medium blue eyes. 

Procedure for Evaluation 

Data Collection and Analysis. Once the Sampsonbug simula

tion program had been written, it was to be tested and evaluated 

for its effectiveness as an educational tool. The actual test

ing began midway through Autumn quarter, 1984. After a few 

days of class lecture in Mendelian genetics, a pretest was ad

ministered to the students on Day 8. The rest of the week was 

then spent exposing the students to the Sampsonbug program, 

while the Mendelian genetics lectures continued. On Day 12, 

a post test was administered, and on Day 15, the Mendelian Genetics 

Exam (MGE) was given to the students. A laboratory report on 

the simulation program was due from each student on Day 16. 

An approximate timeline is presented in Figure 23. 

One interesting idea to be questioned was whether or not 

the students who finished BID 311 in Autumn quarter, 1984, were 

average quality students. To test this idea, the Autumn quarte~, 

1984 students needed to be compared with a large sample of gen

eral genetiCS students. Scores from the MGE, the final exam, 

and the total were collected from students enrolled in BIO 311 

during Spring, Summer, and Autumn quarters, 1983, and placedi 

in a category entitled "Standard Period". That is, the students 

from these three quarters were believed to be a standard repre

sentation of the total population of general genetics students 

at Ball State University. Averages, variances, and 95% confidence 

intervals for the three score categories from the Standard Per-
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Figure 23. Timeline For Testing of Sampsonbug (approx.) 
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iod were calculated using the formulas in Appendix B. 

The scores collected from the students enrolled during 

Autumn quarter, 1984, were placed in the category entitled, 

"Test Period", since the Sampsonbug program was tested on the 

students in this category. The scores collected during the 

Test Period were from the Pretest, Post test, Laboratory re

port, MGE, Final Exam, and Total. Improvement scores were al

so calculated as the difference between an individual's Post 

test and Pretest scores. Averages, variances, and 95% confi

dence intervals were then calculated for all of these categor

ies. 

The difference between the means (and their significance 

levels) of the MGE, Final Exam, and Tota~ were calculated for 

the Standard and Test Periods. The significance of these cal

culations is that if the difference between the means for the 

MGE for the two periods is significantly large, that is, greater 

than Iz. 025 .1=1.96, then the probability is greater than .05 

that the difference between the means is not due to chance a

lone. If the absolute value of the significance level for the 

difference between the means is greater than 1.96, then the hy

pothesis that the means are equal is rejected. However, if this 

statistic is less than 1.96, then the hypothesis can be ac

cepted. In other words, if the significance level is low enough, 

then the "standardness" of the Test Period students is supported. 

Correlation coefficients and their corresponding signifi

cance levels were calculated between various score categories 

for both the Standard and Test Periods. A correlation coef

ficient can be viewed as the degree of proportionality between 

two ordered lists of numbers. A correlation of 1 would signify 

that if one of the lists were ordered from the lowest to the 

highest numbers and if the numbers from the other list were 

placed beside the numbers with which they were originally paired 

in the first list, then the second list would also be ordered 
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from the lowest to the highest numbers. A correlation of -1 

would signify just the inverse of the above. Another way of 

viewing the correlation coefficient would be to first imagine 

a list of ordered pairs. The correlation coefficient would 

indicate the degree of confidence with which a person could 

predict the order of the second coordinate on the basis of the 

first. The specific correlation coefficients which were cal

culated shall be presented in the Discussion. 

The average scores of the various tests, and the correla

tion coefficients between them were analyzed to reveal any in

dications that the Sampsonbug had either a positive or negative 

effect on stuoent learning. As in the case of the differences 

between means, the significance levels calculated for the cor

relation coefficients indicate whether the correlations are 

large enough to be significant. Another way of stating the same 

idea would be that the significance levels indicate whether the 

correlations are large enought to be due to something other than 

chance alone (to be "predictable"). 

The Experimental Cross. Since the time available for the testing 

of the program was limited, only one experimental cross could 

be chosen to show to the students. The experiment was intended 

to be of medium difficulty and therefore was chosen to be a di

hybrid cross. Genes D and L were chosen fpr study, thus requir

ing the students to interpret a case of sex-linkage with inde

pendent assortment of an autosomal gene. Please refer to a 

previous section in this chapter entitled, "Genetics of the Bug" 

for specific details on genes Q and~. A laboratory data col

lection sheet is provided in Appendix C. Also, a full length 

laboratory report, similar to one a student might have written, 

on the specific dihybrid cross used in the testing of the Sampson

bug program is provided in Appendix D. 

The pre-and post tests were developed to test student know-
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ledge about the specific modes of inheritance involved in the 

experimental cross, codominance and sex-linkage. Since the 

chosen experiment had a limited focus, the pre-and post tests 

were designed to have this same limited focus. One cannot 

test student learning by instructing in one area and testing 

in another. Also, since the material covered by the chosen ex

periment was only a small segment of the total material cov

ered during the regular lecture periods, the knowledge gained 

from the Sampsonbug program would have a small effect on stu

dent scores on the MGE. Please refer to Appendices E and F 

for full-length reprints of the pretest, post test, and answer 

keys. 

----------~-----
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CHAPTER 3: DISCUSSION 

The method for grouping the test score data was explained 

in the previous chapter and therefore will not be repeated here. 

However, the significance of the statistics which have been cal

culated from these data will be discussed in evaluating the 

effectiveness of the Sampsonbug program as a teaching tool. 

The formulas used in statistical analysis are provided in Ap

pendix B. 
The "standardness" of the Test Period students will be ex

amined first. That is, we will look for significant differ

ences between the means of those categories of scores common 

to both the Standard and the Test Periods. Refer to Tables 3 

and 4 for a listing of the means, and to Table 5 for a listing 

of the difference between the means. The differences between 

the means (Table 5) for both the Mendelian Genetics Exam (MGE) 

and the Total, for the Standard and Test Periods, were not sta

tistically significant. 

Please note that z-scores have been used to calculate all 

significance levels. The use of z-scores was chosen over the 

use of t-scores because all sample sizes are greater than 30, 

and hence all distributions of significance levels are approx

imately normal. Thus the hypothesis that the means of the MGE 

and Total for the two periods are not different can be accepted. 

However, a statistically significant difference was observed 

between the mean Fianl Exam scores for the two periods. This 

difference may not be attributed to a real difference in the 

average abilities of the students in the two periods. An entirely 

plausible explanation may take into account a difference in both 

test difficulty and test length between the two periods' Final 
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Table 3. Means and Variances for Test Period 

Pretest 

Post Test 

Improvement 

Laboratory 
Report 

Mendelian 
Genetics Exam 

Final Exam 

Total 
Performance 

Possible 
Points 
(scaled to 
10 or 100 
as indicated) 

10 

10 

10 

10 

100 

100 

100 

-x 

3.24 

6.14 

2.89 

7.51 

69.51 

77.58 

76.91 

v x 

4.29 

4.39 

3.83 

5.22 

386.3 

194.5 

164.9 

9510 Confidence 
Interval for x 

[2.58, 3.91] 

[5.46, 6.81] 

[2.26, 3.52] 

[6.78, 8.25] 

[ 63.18, 75.85] 

[73.08, 82.07 J 

[72.77, 81. 04] 
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Table 4. Means and Variances for Standard Period. 

Possible 
Points 
(scaled to 

100 as 
indicated) 

Mendelian 100 
Genetics Exam 

Final Exam 100 

Total 100 

-x v 
x 

72.99 313.1 

67.28 579.7 

75.53 241.8 

95/0 Confidence 
Interval for x 

[69.16, 76.82] 

[62.07, 72.49] 

[72.16, 78.90] 
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Table 5. Difference Between Means. 

Difference between Standard and Test Periods for: 

X1-X2 z 

l'-1GE 3.48 .92 

Final Exam -10.30 -2.93 

Total -1. 38 -.51 

Difference between: 

Pretest and Post test -2.90 -5.99 

Pretest and Lab Report 4.27 8.42 

Post test and " " 1. 37 2.69 

Note: z=z score 

Izl>1.96 is significant at the .05 level. 
Izl>2.576 is significant at the .01 level. 
Izl)2.81 is significant at the .005 level. 

47 



-

48 

Exams. First, the Final Exam for the Test Period may have 

been easier. Second, the test administeree for the Test Per

iod was thirty points I.onger than the average Final Exam for 

the Standard Period. If more possible points means more 

questions on the exam, then a reasonable conclusion would be 

that the average Final Exam question was easier for the Test 

Period than for the Standard Period. Also, since students 

are so prone to memorizing material instead of learning to ap

ply it, simpler test questions may significantly benefit the 

memorizer. However, the answer may be that the Test Period 

students are better students than thoseiin the Standard Per

iod (even though the results from the MGE and Total do not 

support this hypothesis). 

Correlation Coefficients were calculated between students' 

scores on the MGE and the Final Exam, and between the students' 

scores on the MGE and the Total Performance in class for both 

the STandard and Test Periods. Please refer to Tables 6 and 

7 for the correlation coefficients and their significance levels. 

These four correlation coefficients are all highly statistical

ly significant. That is, students from both Periods who per

formed well on the MGE, probably also performed well on botht 

the Final Exam and Total Performance. The inverse also holds 

true. The correlations just described have a much higher sta

tistical significance from the Standard Period than from the 

Test Period. To explain this more clearly, the Standard Per-

iod students' scores on the MGE are very good indicators of 

those students' performances on the Final Exam and the Total 

Performance. The Test Period students' MGE scores are fair (but 

significantly less reliable) indicators. The significantly s 

smaller correlation coefficients from the Test Period indicate 

that something is influencing the Test Period scores that is 

not present (or is present to a lesser degree) during the Stan

dard Period. 



Table 6. Correlation Coefficients for Test Period. 

Laboratory Mendelian Total 
Report Genetics 

Exam 

r Z r Z r Z 

Pretest .408 2.448 .685 4.110 .556 3.336 

Post test .690 4.140 .314 1. 884 .505 3.030 

Improvement .393 2.358 -.139 -.834 -.048 -.288 

Final ----- .830 4.980 ----- -----

Total 550 3.300 883 5.298 ----- -----

Table 7. Correlation Coefficients for Standard Period. 

Final Total 
r Z r Z 

Mendelian 
Genetics 
Exam 

.789 7.101 .800 7.200 

Note: r= correlation coefficient 
Z= z score 

Izl>1.96 is significant at the .05 level. 
Izl>2.576 is significant at the .01 level. 
Izl)2.81 is significant at the .005 level. 

49 
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Again, the Final Exam from the Test Period has a sig

nificant influence upon these differing significance levels. 

However, there might be something more influencing the MGE scores 

from the Test Period. This "somethingll could be as misleadingly 

innocuous as a smaller Test Period sample size. The above 

findings again indicate that the students categorized into the 

Test Period probably do not differ considerably in their aca

demic abilities from those students in the Standard Period. 

The rest of this chapter will focus primarily on the scores 

of the students in the test Period. This is because only the 

students from the Test Period worked with the Sampsonbug pro

gram. All students included in the Test Period participated 

in a Pretest, a Post test, and the completion of an individual 

Laboratory report. An improvement score was also calculated 

for each student by subtracting the Pretest score from the Post 

test score. Please refer to Table 3 for the means. 

The mean Pretest score was rather low at 3.24. However, 

the mean Post test score, at 6.14, almost doubled the mean Pre

test score. The Laboratory Report was completed outside of 

class time. This allowed the students much greater control over 

its quality as is reflected by the fact that the mean Labora

tory Report score is significantly greater than both the Pre

and Post test means (See Table 3). The difference between the 

Pre-and Post test means (mean Improvement) is highly statistic

ally significant (See Table 5). This slast result strongly sup

ports the Hypothesis that the students learned something about 

the genetic modes of inheritance specifically dealt with in the 

Sampsonbug experiment between the time of the Pretest and the 

time of the Post test. The source of this learning will be ex

plored next. 

When Pretest-Laboratory Report, Pretest-MGE, and Post test

Laboratory Report, correlation coefficients are calculated (See 

Table 6), all of them are found to be statistically significant. 

The Post test-MGE correlation coefficient just misses being 
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statistically significant using a two-tail (lzl>1.96), but is 

statistically significant using a one-tail (lzl)1.645). At this 

time, the order of occurrence of the tests should be reviewed 

(See Figure 23). A substantial amount of material on Mendelian 

genetics had been covered during class lectures prior to the ad

ministration of the Pretest. The students were exposed to the 

Sampsonbug program, and then given a Post test and the MGE. 

The students were required to hand in individual laboratory re

ports the following week. Since the topics covered by the pro

gram are only a small percentage of the total material covered 

by the class lectures on Mendelian genetics, the program 

should not greatly influence the students' MGE scores. Also, 

most of the students had relatively high scores on their Lab

oratory Reports. On the basis of the two previous statement~, 

one can explain why the Pretest-MGE comparison has a statistic

ally higher significance level than the Pretest-Laboratory Re

port comparison. Thus, those students who consistently do well 

in school would be expected to do well on both the MGE and the 

Laboratory Report. However, the poorer students would be expected 

to perform poorly on the MGE and average or better on the Lab

oratory Report, effectively reducing the significance level of 

the Pretest-Laboratory Report comparison. The conclusion is 

borne out in the statistics in Table 6. 

One would expect almost every student to improve on the 

Post test and this is just what happened. All of the students 

except one improved their Post test score over their Pretest 

score. If the students who performed the best on the Laboratory 

Report generally learned the most from the program, then 

they would be expected to do well on the Post test, and a high 

significance level for the Post test-Laboratory Report woulde 

result (which was observed). 

Another important result relies on the following analysis: 

(1) The information learned from the Sampsonbug program obviously 

cannot influence the Pretest scores; (2) but should greatly in

fluence the Post test scores; (3) and is probably too meager 
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to influence the MGE scores in any major degree; therefore, 

the Post test-MGE comparison should be significantly greater 

than the ?ost test-MGE comparison. The statistics that form 

the basis for this analysis do hold true to expectations. 

The result is that students apparently learned the specific 

genetic principles covered by the Sampsonbug program from the 

Sampsonbug program. If the poorer students had learned all 

of the genetic principles presented during class lecture equal

ly well then they would not only have done well on the Post 

test, but also on the MGE. 

As was either stated or implied previously, the amount of 

student Improvement would be expected to correlate with the Lab

oratory Report score, but not with either the MGE score or the 

student's Total Performance. The Improvement-Laboratory Report 

correlation coefficient is the only one of the above three 

which is statistically significant . 
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CHAPTER 4: SUMMARY 

The Sampsonbug program is a computer program designed 

to simulate experimental genetic matings. It deals with six 

independently assorting genes of an imaginary "bug". Once 

the program had been constructed, it was tested for its ef

fectiveness as an instructional laboratory device. In order 

to keep within time limits, the testing was restricted to one 

dihybrid cross involving a codominantly inherited gene and a 

a sex-linked gene. The testing of the instructional value 

of this specific dihybrid cross was thought to be a suffictently 

representative test of the program that it should provide ani 

indication of the effectiveness of the entire Sampsonbug pro

gram. 

Datawere collected from tests administered to a group of 

Test Period students enrolled in BIO 311 at Ball State Univer

sity in Autumn quarter, 1984. Some of these data were compared 

with similar data from a Larger group to indicate the "stand

ardness" of the Test Period students. The remainder of these 

data was analyzed to indicate effectiveness (or lack thereof) 

of the Sampsonbug simulation program. when the conclusions pre

sented in the Discussion are reviewed, note should be taken of 

the following statement: a higher correlation would be expected 

between two sets of scores both experiencing very little influ

ence from the Sampsonbug program than two sets of scores, only 

one of which is under little or no influence. A misconception 

which may arise in one's mind must be dispelled at this point. 

The probability that the student who scored well on the Pretest 

did not have adequate room for improvement on the Post test is 

extremely small. At most, only one student could have been af-
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fected by this problem. This certainly is not a statistically 

significant variation. 

Some relevant facts must be reiterated by stating that a 

substantial amount of class lecture on Mendelian genetics was 

presented prior to administration of the Pretest, and the amount 

of material covered by the section of the Sampsonbug program 

that was used is only a small part of the total material cov

ered by the Mendelian Genetics Exam. If the students had not 

learned about this specific genetics concept presented in the 

Sampsonbug program, then the score distributions and correlations 

would nearly coincide. However, since all of the Test Period 

students except one had positive Improvement scores, and 

since there was a highly significant lack of correlation be

tween the Improvement and the MGE scores, and since there was 

a significant correlation betwean the Improvement and the Lab

oratory Report scores, the students apparently learned a sig

nificant amount about the experimental Sampsonbug cross. 

The conclusion which has been drawn from the data on means 

and correlation coefficients suggests that the Sampsonbug pro

gram has indeed had a positive effect on student learning of 

genetic principles. There does seem to be a specificity, however, 

in the lE~arning achieved from the Sampsonbug program. To assess 

this suspicion more thouroughly only the relevant questions from 

the MGE should be compared with the Pre-and Post tests, the Im

provement, and the Laboratory Report. 
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APPENDIX A 

--
8 Flowchart symbols used in Figures 1-21. 

Symbol Function 

( ) Start, stop, or return 

o Continue 

( Input 

Output 

Processing 

II II Predefined process (a~ in Subroutine) 

o Decision Box 

<----> Preparation (as in FOR-NEXT loops) 

) Direction of logic flow 

-
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APPENDIX B 

Statistical Formulas 3 ,8. 

1 
n 

Mean of x: x - ~ x. n i=l l 

1 n 2 Variance of x: v - ~ x. x n i=l l 

Correlation Coefficient of x and y: 

r xy 

1 -
n 

jvv x y 

-2 - x 

Confidence Interval for mean of x (95%): 

x ~ 2. 025 FF 
Chi-square Test for k parameters: 

k 
~ 
i=l 

Z-score for r: 2 == 

2 
(x. - np. ) 

l l 

np. 
l 

r [n-l 

Z-score for difference between means: 

2 

56 
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APPENDIX C 

Laboratory Data Collection Sheet. 

Parents: Mate a dark green male bug having short legs, long 
antenna4=, and dark blue eyes to a light green female having 
long legs, long antennae, and dark blue eyes. 

Record the phenotypes of the Fl generation: 

Male: 

Females: -----------------------------------------------------------
Now cross an Fl male bug with an F1 female and record the pheno
types of the F2 generation along wIth how many bugs of each 
phenotype are produced. Repeat this cross until approximately 
90-100 bugs have been produced. 

1) 

2 ) 

3) 

4) 

5) 

6 ) 

7) 

8) 

9) 

FZ Phenotypes Observed Numbers 

M F 

Expected Numbers 

M F 

On the basis of the data collected from these matings, develop 
a hypothesis to explain the inheritance of body color and leg 
length in these bugs. 
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APPENDIX C (cont'd) 

1. What gene symbols do you wish to use? Indicate the letter(s) 
and their "meanings". 

2. Using your gene symbols, write the genotype for the male parent: 

for the female parent: 

for the Fl males: 

for the Fl females: 

3. What are the genotypes of the various kinds of F2 bugs that 
you have produced? 
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1) 

2) 

3 ) 

4) 

5) 

6) 

7) 

8) 

9) 

59 

APPENDiX C (conl'd) 

F2 Phenotype F2 Genotype 

4. Write a statement that explains your hypothesis of how you 
think body color and leg length are inherited in these bug 
matings. Make any calculations needed to support your 
hypothesis and do any chi square tests that will support 
your hypothesis. If necessary, attach an additional page 
to complete your explanation. 
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APPENDIX D 

.-

Sample Laboratory Report. 

Male Female 

Pi Dark green body Light green body 
Short legs Long legs 

Fi Medium green body Medium green body 
Long legs Short legs 

F2 Phenotypes Observed No. Expected No. 

M F M F 

1. Long legs 4 7 4.375 4.375 
Dark green body 

- 2. Long legs 7 9 8.75 8.75 
Medium green body 

3. Long legs 7 7 4.375 4.375 
Light green body 

4. Short legs 3 5 4.375 4.375 
Dark green body 

5. Short legs 6 6 8.75 8.75 
Medium green body 

6 . Short legs 7 2 4.375 4.375 

Gene Symbols Genotypes 

Body Color: Q=light green Pi Male: G+ G X X - --
+ G G X+ G =dark green Female: Y - --

Leg Length: X=short Fi Male: G+ G X+ X 
+ G+ ~ =long Female: G X Y - - -

._---,---
------~--~~~---
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F2 Phenotype Cenot:Yl~~e 

M F 

1. Long legs, dark green body G+G+X+X G+G+X+Y 
- - --

2. Long legs, medium green body G+G X+X G+G X+Y 

3. Long legs, light green body G G X+X G G X+Y 

Short legs, dark green body G+C+X X C+G+X Y 

Short legs, medium green body G+G X X G+G X Y 5. 

6. Short legs, light green body G G X X G G Y Y - --

Phenotype 0 E (0_E)2 (0-E)2/E 

Body Color 
Dark green 19 17.5 2.25 .1286 

Medium II 28 35.0 49.00 1.4000 

Light " 23 17.5 30.25 1. 7286 

Total 70 70 2 
X ==3.2571 

df=2 
P between 20 and SOia 

Leg Length 0 E (0-E)2 (0-E)2/ E 

Leg Length 
Long (male) 18 17.5 .25 .0143 

Long (female)23 17.5 30.25 1.7286 

Short (male) 16 17.5 2.25 .1286 

Short(femalc)13 17.5 20.25 1.1571 

70 70 2 
X ==3.0286 

df==3 
P between 20 and 50% 
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The x2 value for the Body color is in the probability 
range 5--20%, that is, the probability that the deviations from 
the expected ratio are due to chance alone is within the range 
5-20%. Hence, the hypothesis that Body Color is inherited as 
an autosom~l codominant gene is accepted. 

The X value for the Leg Length is in the probability 
range 20-50%, that is, the probability that the deviations 
from the expected ratio are due to chance alone is within the 
range 20-50%. Hence the hypothesis that Leg Length is inherited 
as a sex-linked gene where the female is the heterogametic 
sex and the allele for long legs is dominant is accepted. 
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APPENDlX E 

Computer Program Pretest. 

PLEASE CHOOSE THE BEST ANSWER: ANSWER BY LETTER ONLY 

1-3. The Cabana, a rare Malaysian species of banana peeling 
rodents, has a sex-linked recessive gene for curly ('::.2~) 
claws. If true breeding stocks of curly clawed females 
and straight (±) clawed males are crossed to produce an 
Fl generation: 

1. What are the genotypes of the F? (Assume the sex 
chromosome assignment to be analogous to those of 
Homo sapiens.) 

a. £y ± (~) and £Y r (~) 
b. ± ± (¥) and £Y r (.1) 
c. £Y £Y (~) and ± r (~) 
d . ± £Y en and ± 'i ( ~ ) 

2. If the F1 rodents are crossed and 273 F2 progeny are 
produced, then what might you expect to be a reason
able number of straight clawed males? 

a. 136 c. 205 
b. 91 d. 64 

3. Approximately how many of the F2 progeny might you 
expect to have curly claws? 

a. 91 c. 141 
b. 205 d. 69 

4-5. Mendel crossed pea plants producing round seeds with those 
producing wrinkled seeds. From a total of 3662 F2 seeds, 
2737 were round and 925 were wrinkled. 

4. If pea plants from the F2 round seeds are self pol
linated, how many of these 2737 plants would you ex
pect to produce round seeds to wrinkled seeds in a 
ratio of 3:1? 

a. 1828 c. 912 
b. 0 d. 2052 
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5. How many of the 2737 F2 plants from the previous 
question would you expect to produce all wrinkled 
seeds? 

a. 915 c. 0 
b. 925 d. 2052 

6. Wild, grey-colored mice are crossed with white (albino) 
mice. In the first generation all of the mice were grey. 
Of the second generation mice, 198 were grey and 72 were 
white. Which of the following best describe the mode of 
inheritance? 

a. dihybrid with epistasis c. incompletely dominant 
b. autosomal domianant d. dihybrid with linkage 

7. In a certain species of moth, two patterns of wing color
ing have been observed: silver with green stripes; and, 
silver with clear stripes. Clear striped males were crossed 
with green striped females to produce an F] generation 
where all females were clear striped and all males were 
green striped. The F2 generation was as follows: 

Males (d) Females (~) 

Clear striped 63 59 

Green striped 61 64 

What best describes the mode of inheritance? 

a. sex-linked 
b. sex-limi ted 

c. sex-influenced 
d. Autosomal dominant 

backcross 

8. The moths in question #7 also have a gene for antennae curl. 
Male moths with curl¥ antennae (~c) and female moths with 
straight antennae (~ ) were crossed to produce an F1 gener
ation all of which have straight antennae. The F2 genera
tion was as follows: 
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Males (3) Females (-() 

Straight antennae 110 117 

Curly antennae 39 36 

What best describes the mode of inheritance? 

a. sex-linked 
b. autosomal dominant 

c. sex-influenced 
d. incompletely dominant with 

recessive lethal 

9. If the genes for wing striping and antennae curl in moths 
are considered simultaneously using the same crosses as in 
the previous two problems, how many different genotypes 
would you expect to exist in the F1 generation? 

a. 1 c. 2 
b. 3 d. 6 

10. What phenotypic ratio would you expect to see among the F2 
females? 

a. 1:3:3:1 c. 9: 7 
b. 9:3:3:1 d. 9:6:1 

Answer Key to Pretest. 

1. a 6 . b 

2. d 7. a 

3. c 8. b 

4. a 9 . c 

5. c 10. a 
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APPENDIX F 

Computer Program Post Test. 

PLEASE CHOOSE THE BEST ANSWER; ANSWER BY LETTER ONLY 

1-3. Guinea pigs have a sex-linked recessive gene for black (b) fur 
color. If true breeding stocks of wild type (B) males are 
crossed with females having black fur to produce an F1 genera
tion: 

1. What are the genotypes of the F1? 

a. B B (?) and b Y (~) 
b. B b (~) and B Y (~) 

c. B b (~) and b Y (~) 
d. b E (~) and B Y (~) 

2. If the guinea pigs are crossed and 463 F2 progeny are 
produced, then what might be a reasonable number of wild 
female types to expect? 

a. 350 c. 225 
b. 120 d. 0 

3. Approximately how many of the 463 F2 guinea pigs might you 
expect to have black fur? 

a. 123 c. 0 
b. 344 d. 238 

4-5. Dwarf corn plants were crossed with tall corn plants. In F2 , 
2231 plants were tall and 763 plants were dwarf. 

4. If the F2 tall corn plants are self-pollinated, how many 
of these 2231 plants would you expect to produce tall:short 
plants in a ratio of 3:1? 

a. 1490 c. 2231 
b. 763 d. 0 

5. How many of the 2231 F2 plants from the previous question 
would you expect to produce all dwarf corn plants when 
self-pollinated? 

a. 0 c. 1490 
b. 763 d. 2231 
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6. Wild, grey-colored ducks are crossed with white (albino) 
ducks. In the first generation all of the quacks were grey. 
Of the second generation, 68 were grey and 20 were white. 
Which of the following best describes the mode of inheritance? 

a. dihybrid with epistasis c. dihybrid with linkage 
b. incompletely dominant d. autosomal dominant 

7. If Mendel had given in to temptation and studied the genetics 
of church mice, he would have noticed two different ear 
sizes; small wild type and large, horn-shaped ears. Small 
eared females and large eared males were crossed to produce 
an Fl generation where all females had large ears and all 
males had small ears. The F2 generation was as follows: 

Males ((.1) Females (~) 

Large ears 47 49 

Small ears 53 44 

What best describes the mode of inheritance? 

a. sex-limited 
b. sex-influenced 

c. sex-linked 
d. autosomal dominant 

backcross 

8. These church mice also have a gene which affects the devel
opment of their auditory nerves. Deaf females were crossed 
with normal males to produce an Fl generation all of which 
were normal. The F2 generation was as follows: 

Males (0) Females (<?-) 

Normal 78 84 

Deaf 30 25 
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What best describes the mode of inheritance? 

a. autosomal dominant c. 
b. incompletely dominant with d. 

r2cessive lethal 

sex-linked 
sex-influenced 

68 

9. If the genes for ear size and auditory nerve dev8lopment 
in church mice are considered simultaneously using the 
same crosses as in the previous two problems, how many 
different genotypes would you expect to exist in the Fl 
generation? 

a. 1 c. 2 
b. 6 d. 3 

10. What phenotypic ration would you expect to see among the 
F2 males? 

a. 9:7 c. 9:3:3:1 
b. 9:6:1 d. 1:3:3:1 

Answer Key to Post Test. 

1. c 6 . d 

2. b 7 . c 

3. d 8. a 

4. a 9 • c 

S. a 10. d 
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Table 1 . 

Raw Data. 

Student # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

~') 
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APPENDIX G 

Standard Period based on n=82. 

Mendelian Genetics Exam Final Total 

82.5 78.00 80.78 

100 74.00 91.18 

85.0 56.00 72.94 

67.5 55.00 63.73 

70.0 62.00 70.20 

82.5 71.00 84.71 

80.0 81.00 77.45 

76.25 85.00 88.24 

45.0 26.00 55.10 

36.25 42.00 55.69 

78.75 69.00 84.12 

95.0 85.00 91. 76 

67.5 40.00 60.20 

91. 25 82.00 87.65 

62.5 83.00 76.08 

80.0 85.00 86.86 

77.5 85.00 81. 96 

68.75 49.00 68.63 

85.0 66.00 80.20 

67.5 75.00 71. 96 

52.5 51. 00 69.41 

80.0 88.00 91.37 

62.5 36.00 58.43 

90.0 83.00 89.02 

76.25 67.00 71. 57 

41. 25 43.00 58.24 

67.5 85.00 84.90 

60.0 55.00 70.78 
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--
Table 1 (cont'd) 

29 82.5 78.00 80.78 

30 68.75 67.00 72.55 

31 77.5 77.00 77.45 

32 83.00 74.00 78.63 

33 94.00 93.00 96.08 

34 85.00 71.00 82.55 

35 85.00 94.00 85.10 

36 63.00 66.00 73.14 

37 90.00 88.00 94.12 

38 33.00 .00 24.90 

39 81. 00 85.00 81. 37 

40 66.00 65.00 73.92 

41 85.00 80.00 82.35 

- 42 63.00 74.00 80.20 

43 100 96.00 97.06 

44 84.00 83.00 88.04 

45 48.00 33.00 61. 96 

46 95.00 90.00 92.75 

47 93.00 73.33 86.50 

48 83.00 70.37 81. 33 

49 93.00 85.19 94.00 

50 90.00 85.19 90.33 
51 50.00 55.56 66.33 
52 56.00 77.04 79.33 
53 92.00 92.59 95.67 
54 78.00 74.07 77.17 
55 92.00 85.93 87.67 
56 100 82.96 90.17 
57 72.00 77.78 74.17 
58 89.00 82.96 89.33 

-
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- APPENDIX G (cont'd) 

Table 1 (cont'd) 

59 97.00 88.15 94.33 

60 60.00 62.22 69.50 

61 32.00 28.89 31. 83 

62 92.00 80.74 88.00 

63 87.00 90.37 91. 50 

64 58.00 60.00 50.33 

65 73.00 34.81 66.67 

66 53.00 79.26 80.50 

67 61.00 37.78 43.83 

68 61.00 39.26 52.50 

69 70.00 80.74 83.00 

70 47.00 48.89 64.17 

71 22.00 40. 74 47.50 

72 80.00 74.07 78.00 

73 68.00 83.70 84.17 

74 91. 00 87.41 86.83 

75 52.00 .00 37.50 

76 61.00 77.04 84.50 
77 86.00 85.19 79.83 
78 62.00 80.00 74.33 

79 70.00 68.89 73.00 
80 67.00 86.67 78.83 
81 40.00 .00 34.50 
82 90.00 82.22 81. 83 

-
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Table 2 . 

APPENDIX G 
(cont'd) 

Raw Data. Test Period based on n=37 

Student # Pretest Post Test Lab 

1 2 7 9 

2 7 9 10 

3 7 10 10 

4 5 6 8 

5 5 7 9 

6 2 2 2 

7 8 8 9 

8 1 4 4 

9 1 4 8 

10 5 7 9 

11 4 5 8 

12 1 5 8 

13 4 5 8 

14 5 7 8 

15 2 3 7 

16 7 8 10 

17 2 6 9 

18 2 4 6 

19 1 6 5 

20 3 5 4 

21 2 9 8 

22 0 6 8 

23 2 7 9 

24 2 6 9 

25 3 8 10 

26 4 7 5 

27 5 8 9 

72 

Mendelian Final Total 

63 61. 38 69.67 

86 95.86 90.33 

97 92.41 90.33 

75 66.90 73.00 

88 82.07 89.33 

87 83.45 83.00 

100 100 98.67 

63 64.83 68.33 

67 86.21 85.83 

86 79.31 85.00 

71 79.31 73.00 

50 68.28 68.17 

82 79.31 73.67 

88 92.41 88.17 

67 78.62 81. 50 

98 99.31 96.67 

70 85.52 73.00 

31 62.76 59.50 

46 55.86 55.67 

51 64.83 70.67 

75 88.28 83.83 

60 63.45 70.83 

80 73.10 83.67 

67 87.59 83.67 

62 85.52 83.83 

70 78.62 80.17 

95 94.48 93.83 
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Table 2 (cont'd) 

28 3 8 10 85 94.48 92.83 

29 1 4 8 45 62.07 60.83 

30 4 8 10 77 91. 03 83.83 

31 1 3 4 50 71. 03 59.50 

32 4 2 3 63 62.76 71. 67 

33 4 9 10 98 95.17 93.33 

34 5 9 8 80 75.17 64.00 

35 1 7 8 28 51.72 53.17 

36 0 3 3 35 71.03 63.50 

37 5 5 5 36 46.21 49.50 
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